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PREFACE 


The first edition of Feeds and Feeding, written by Dean W. A. 
Henry, and published in February, 1898, was received with immediate 
and widespread favor by practical stockmen and by professors and 
students of animal husbandry. In the United States and also in several 
other countries Feeds and Feeding was soon used more widely as a text 
book and as a reference book than any other book on livestock feeding. 

During the years that have passed since 1898, nineteen editions of 
Feeds and Feeding have been issued, several printings having been made 
of each of the later editions. In 1910 the book was entirely rewritten by 
Dean Henry with the help of the author of the present edition. In 1915 
and in 1923 complete revisions of the book were again brought forth. It 
was necessary for the present author to assume the responsibility for 
these revisions, since ill health had kept Dean Henry from active work 
for some time. He died in November, 1932, at the age of 82 years. 

In the preparation of this entirely rewritten edition, the twentieth of 
the book, the author has spent much time during the past few years in 
compiling and analyzing the results of the many experiments on livestock 
feeding conducted in this and other countries. He has been aided greatly 
in this task by many investigators who have furnished him with informa- 
tion and with reports of experiments in advance of regular publication. 

In order to present adequately the results, it has been necessary to 
make a considerable increase in the number of pages in the book. To 
save space and also to differentiate between the information of major 
importance and that of only local or minor interest, some parts of the 
text are set in a smaller type than that of the main portion. To aid 
students and others in their study of the book, review questions are now 
included at the end of each chapter. 

It is the purpose of this volume to present in as simple and concise 
a manner as is possible the most important facts concerning the feeding, 
care, and management of the various classes of larger farm animals. 
Also, full information is given concerning the composition, use, and value 
of the many different feeding stuffs, especially those of importance in the 
United States. 

Part I presents briefly the fundamental principles of animal nutri- 
tion and emphasizes the bearing of these principles upon the practical 
feeding of livestock. Particular attention is given to the recent dis- 
coveries in nutrition, including the functions and importance of vitamins 
and minerals, as well as the necessity of proper quality of protein in the 
rations of livestock. 

The various feeding standards for farm animals are then discussed, 
and the method of using the Morrison feeding standards is explained in 
detail. Some of the economic principles which should be considered in the 
feeding of livestock are briefly discussed in Chapter X, ‘‘Economy in 
Feeding Livestock,’^ 

Part II gives comprehensive information concerning the composi- 
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tion, properties, and use of all common feeding stuffs used in this country. 
On account of the importance of hay, pasture, and other roughages in 
livestock feeding, the order of presentation has been changed in this 
volume, and the roughages are now considered first, before the grains and 
oth^r concentrates. In Chapter XX the manurial value of feeding stuflEs 
is discussed, and the vital relation of livestock to the economical main- 
tenance of soil fertility is made clear. 

Part III presents in condensed form the most important findings of 
the experiment stations of this and other countries on the feeding and 
care of horses, dairy cattle, beef cattle, sheep, and swine. The values of 
the many different feeds for each class of livestock are shown by the 
results of actual feeding trials. Instead of giving merely the results of 
single typical trials, in most cases the data for all the similar trials on a 
^ given subject have been carefully compiled and averaged together. The 
feeder is thus given more trustworthy information concerning the relative 
value of the different feeds than has been previously available. In addi- 
tion to this information, practical suggestions are given on the care and 
management of each kind of stock. 

Neither time nor expense has been spared on the compilation of data 
for the exhaustive Appendix Tables, which show the average composition 
and the content of digestible nutrients and mineral and fertilizing con- 
stituents in all important American feeding stuffs. The compilation of 
the data first presented in the Appendix Tables of the fifteenth edition of 
the book, published in 1915, required time equivalent to one person 
working full time throughout three years, in addition to the supervision 
of the author. Approximately the same amount of time has been required 
for the compilation and averaging of the recent analyses of feeding stuffs, 
which are presented for the first time in the Appendix Tables of this 
edition. 

The sincere thanks of the author are extended to the many friends 
who by suggestions and reports of experiments and experiences have fur- 
nished invaluable assistance in this and previous revisions — only by such 
help so generously given has the making of this book been possible. The 
author is indebted to his colleagues in the Animal Husbandry Depart- 
ment of Cornell University for their many helpful suggestions. He wishes 
in particular to acknowledge the aid of Professor L. A. Maynard, Pro- 
fessor B. S. Savage, Professor K. L. Turk, Professor J. P. Willman, 
Dr. G. W. Salisbury, Mr. J. I. Miller, and Mr. H. M. Briggs. Acknowl- 
edgment is especially due my wife, Mrs. Elsie B. Morrison, for invaluable 
aid throughout the entire preparation of the book, and to my sons, 
Roger B. Morrison and Spencer H. Morrison, for assistance in the 
compilation of data. 

P. B. Morrison. 

March, 1936. 

Ithaca, New York. 
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Part I 

FUNDAMENTALS OF ANIMAL NUTRITION 


CHAPTER I 

THE VARIOUS POOD NUTRIENTS 

I. The Compounds of Which Plants and Animals Are 
Composed 

In no field of agriculture has more progress been made in recent* 
years than in livestock feeding and nutrition. This rapid advance has 
come about chiefly as a result of the numerous discoveries made by the 
many skilled investigators in the American experiment stations and 
other research institutions in this and other countries. 

These new developments have been so outstanding that they have 
overturned many of the beliefs and theories of the past. Often rations 
that were considered ideal only a few years ago can now be radically 
improved, by applying the results of these recent investigations. Thus, 
it is now known that the kind or quality of protein in a ration may be 
fully as important as the amount of this nutrient. Likewise, a lack of , 
any of the essential minerals or vitamins may be more injurious than 
a scanty supply of feed. 

Many of these discoveries are so recent that the results have not 
as yet been summarized in publications that reach the majority of 
farmers. Consequently, they are not acquainted with this newer knowl- 
edge in stockfeeding, or they do not understand definitely how these 
results can be applied to their own conditions. 

In the preparation of this volume especial attention has therefore 
been given to the recent experiments which show how the efficiency of 
livestock production can be increased. Throughout the book the primary 
object has been to explain clearly the ways in which farm animals can 
be fed more economically, so that they will return more profit to their 
owners. 

In order to master the science of livestock feeding and animal 
nutrition, it is necessary, first of all, to have in mind the most important 
facts concerning the chemical compounds that make up plants and ani- 
mals. Knowledge of the chemical composition of farm animals is neces-. 
sary to understand their food requirements, and information about the 
substances in plants is required because they furnish most of the food 
consumed by livestock. 
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1. Water; organic compounds; mineral matter. — All living plant 
or animal tissue is composed of the following: (1) Water; (2) organic 
compounds; and (3) mineral matter, or ash. The water can be driven 
off as water vapor by heating the material at the temperature of boiling 
water until it will Ibse no more weight. By then burning the dry matter 
that is left, the organic matter will be destroyed and pass off in gaseous 
form, and there will remain only the mineral matter, or ash. 

The organic compounds are all made up of carbon, united with 
hydrogen and oxygen, and in some cases with nitrogen and other chem- 
ical elements. These compounds are grouped in three general divisions : 
(1) The carbohydrates; (2) the fats and fat-like substances; and (3) the 
nitrogenous compounds. 

The division of the dry matter of plant and animal tissue into 
organic compounds and mineral matter is a convenient general method 
of grouping, but not an exact separation. For example, sulfur is classed 
as mineral matter, but a large part of it occurs in the proteins, which 
are organic compounds. When plant or animal substances are burned 
under ordinary conditions, some of the sulfur will remain in the ash, but a 
part will pass off in gaseous form, along with the carbon and hydrogen. 
On the other hand, some of the carbon in the true organic compounds 
may be converted into carbonates when such materials are burned, and 
then will remain in the ash. 

2. Water. — Water is not only the largest single constituent of all 
living matter, both plant and animal, but also performs exceedingly 
important functions. The most active parts of plants and animals con- 
tain 70 per cent or more of water. For example, green, growing plants 
usually have 70 to 80 per cent of water, and in animals the muscles and 
such internal organs as the liver and kidneys contain 75 per cent or 
more. The gray matter of the brain is even more watery, having over 
80 per cent. 

The seeds of plants at maturity, though apparently dry, generally 
contain considerable water, having 25 per cent or more before they 
are thoroughly cured. Even the dentine of the teeth contains about 
10 per cent of water. 

Water performs the following important functions in plants and 
animals : 

1. It carries the nutrients from one part of the living structure to 
another by holding them in solution or in watery suspension. Plants 
can absorb mineral nutrients from the soil only as they are dissolved 
in water. 

2. Water enables living plants and animals to hold their shape. 
This is accomplished by the watery solution inside the cells filling them 
so full that they are distended and firm. 

3. Water has the property of reacting with many types of chem- 
ical compounds, and the intricate life processes could not take place 
without it. For example, the digestion of food by animals consists pri- 
marily of. the breaking apart of complex substances into much simpler 
ones, water being added to these simpler compounds in their formation. 

4. Water is important in the control of the temperature of animals 
and plants on account of two different properties. First, much heat is 
absorbed when water evaporates. As we shall see in Chapter V, the 
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evaporation of water is one of the most important means by which 
animals keep their body temperatures constant. Second, water in the 
liquid state has a much greater capacity than most substances for absorb- 
ing heat. Therefore a certain amount of heat produces less increase in. 
the temperatures of plants and animals than it would if their tissues 
were less watery. 

While we might well consider water the most vital of all nutrients 
for animals, it is given but little space in this volume. This is because 
under usual conditions livestock can readily be provided with an 
abundance. 



Left — Plant Cells, Magnified 350 Times 

A, Cell wall; b, nucleus, or life center of cell; c, strands of protoplasm; d, 
spaces filled with cell sap; e, chlorophyll bodies. (After Strassburger.) 


Right — Section of Leaf, Magnified 400 Times 

A, Stoma, or opening on under side of leaf through which air enters; b, 
chlorophyll bodies in leaf cells; d, lower epidermal cells of leaf; e, upper epidermal 
cells of leaf. (After Strassburger.) 


3. The carbohydrates. — The carbohydrates comprise about three- 
fourths of all the dry matter in plants, on the average. They form the 
woody framework and also are the chief reserve food stored in such 
plant parts as seed, roots, and tubers. It is pointed out later that 
the amount of carbohydrates in the bodies of animals at any one time 
is very small. However, this small amount is continually replenished, 
and carbohydrates usually serve as the chief fuel to maintain the body 
temperature and to furnish the energy needed for all body processes. 

The term carbohydrates means that these compounds are composed 
of the three elements, carbon, hydrogen, and oxygen, and that the latter 
two are present in the same proportion existing in water, the chemical 
formula for which is HgO. (This means that every molecule of water 
contains two atoms of hydrogen and one of oxygen.) 

The carbohydrates consist of two groups : the sugars, which are rela- 
tively simple in composition, and the group of much more complex com- 
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pounds called polysaccharides. Some of the carbohydrates are easily 
digested by animals and therefore have a high value as feeds. On the 
other hand, the very complex carbohydrates which form the woody fiber 
of plants are digested with difficulty, and, moreover, there is a large 
loss of energy in the process. Therefore these carbohydrates have a 
low value for stock. 

Through the action of sunlight on the green-colored chlorophyll 
in the- leaves and other green parts, plants are able to build simple 
carbohydrates from carbon dioxide and water. Carbon dioxide from 
the air is taken into the leaves through the openings, called stoma, on 
their lower surfaces. In the leaves it is united with water taken up 
from the soil by the roots. In some mysterious manner the chlorophyll 
builds the carbon, hydrogen, and a part of the oxygen furnished by 
the carbon dioxide and water into some simple organic compound, 
the rest of the oxygen being given off to the air through the stoma as 
free oxygen gas. 

The energy necessary for the formation of the energy-rich organic 
compound from the energy-poor carbon dioxide and water comes from 
sunlight, which is absorbed by the leaves. It is not known whether 
the first organic compound formed in this action is a simple sugar 
■or some other substance. From the sugars, plants can form much 
more complex organic compounds, including polysaccharides, fats, and 
proteins. 

4. The sugars. — The sugars are all soluble in water, have a sweet 
taste, form crystals, and also have certain other definite characteristics, 
such as rotating a beam of polarized light to the left or the right, 
as the case may be. It is of interest to note that this latter property 
provides the means by which the chemist at a beet-sugar factory deter- 
mines how much sugar can be made per ton from any given lot of 
sugar beets. 

6. The simple sugars. — Only two classes of simple sugars are of 
importance. These are: (1) The hexoses, or 6-carbon sugars, so-called 
because each molecule contains 6 carbon atoms; and (2) the pentoses, or 
5-carbon sugars. All. of the hexoses have the general chemical formula, 
CftHiaOe, but the molecules of the various hexoses differ in the arrange- 
ment and grouping of the atoms. The pentoses have the general formula, 

CsHioOg. 

Only three of the several hexoses that have been found in plants 
are of any importance. These are glucose, fructose, and galactose. Glu- 
cose, also known as dextrose, is found in the free state, for example, in 
ripe fruits, sweet com, and honey. It is of especial importance in 
animal nutrition, for it is the sugar in blood. Glucose is only three- 
fourths as sweet as cane sugar. 

Fructose, or levulose, occurs along with glucose in ripe fruits and 
honey. It is the sweetest of the sugars, being considerably sweeter 
than cane sugar. 

Galactose does not occur free in nature, except perhaps in traces in 
certain plants, but it forms a part of various compounds. The most 
important of these is milk sugar, or lactose, in which galactose is com- 
bined with glucose. 

The pentoses do not compare in importance with the hexoses. They 
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occur free in nature only in traces, but form part of certain of the 
more complex carbohydrates that are discussed later. 

6. The compound sugars. — The compound sugars consist of com- 
binations of two or more molecules of the simple sugars. The most 
common of these sugars is sucrose, or cane sugar, which is made of one 
molecule of glucose and one of fructose. The sugar beet and the sugar 
cane store, their reserve food chiefly in the form of sucrose, and there- 
fore are our chief sources of cane sugar. 

Maltose is another important compound sugar, which is composed 
of two molecules of glucose. In germinating seeds maltose is formed 
in large amounts from starch, and it is also produced in the digestion 
of starch by animals. It is only about one-third as sweet as cane sugar. 

Lactose, or milk sugar, is a compound sugar composed of one mole- 
cule of galactose and one of glucose. It is not found in plants but is 
the sugar in the milk of all mammals. Lactose is only about one-sixth 
as sweet as cane sugar. 

There are also compound sugars made up of three molecules of 
the simple sugars, but these occur only in very small amounts and in 
a few plants. They are therefore unimportant in stock feeding and need 
no further discussion. 

7. The more complex carbohydrates. — The term polysaccharides 
is used for the group of carbohydrates that are more complex than the 
sugars. This term means that each molecule is formed by the combina- 
tion of several molecules of the sugars (saccharides). In this process 
of combination, water is eliminated. The polysaccharides differ decid- 
edly in physical properties from the sugars, for they are almost tasteless 
and can only rarely be crystallized. Some are insoluble in water and 
the others do not form true solutions, but only sticky, gelatinous 
solutions. 

These carbohydrates are so complex in nature and have such proper- 
ties that chemists have been unable to determine their exact chemical 
formulas. It is known, however, that those composed of the hexoses, 
or 6-carbon sugars, all have the general approximate formula,. 
(CoHio 05 )x. This means that the molecules are composed of an unknown 
number of CgHioOg groups. For example, the starch molecule may 
contain many thousands of atoms. 

The pentosans, which are formed from the pentoses, or 5-carbon 
sugars, have the general formula, (C5H804)x. Some of the polysaccha- 
rides are composed of both hexose sugars and of pentose sugars, or 
they contain still other substances related to the sugars. 

The process by which these complex carbohydrates are formed by 
the combination of molecules of simple sugars can be reversed. When a 
solution of one of these compounds i^ acted upon by the proper enzyme, 
or when it is acidified and heated, the complex molecules are broken 
down, or hydrolyzed, into the sugars, water being added to the mole- 
cules in the process. This is what occurs when starch is digested by 
animals, or when corn sugar or corn syrup is manufactured from com 
starch. 

The polysaccharides formed from the hexose sugars will be discussed 
first, on account of their much greater importance. Of chief interest 
in this group are starch, glycogen, dextrins, and cellulose. 
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8. StapTch, dextrins, and similar compounds. — Starch, which is 
composed of many molecules of glucose, is one of the most important 
carbohydrates in plants and therefore one of the chief nutrients in the 
feed of farm animals. Most plants store their reserve food principally 

as starch, which is deposited 
in the form of starch grains. 
These have a characteristic size 
and shape in each kind of 
plant, and therefore by exam- 
ining the starch grains in plant 
products under a microscope, 
the source can be determined! 
This is often a useful method 
of detecting adulteration in 
human foods or stock feeds. 

While plants are growing, 
they commonly store starch in 
the special parts that later 
nourish the new plants that 
develop. Thus, nearly all seeds 
are rich in starch, especially 
the cereal grains. For example, 
corn, wheat, rye, and the grain 
sorghums all have 60 per cent 
or more of starch. Starch is 
also stored in large amounts in certain fruits, such as apples, and in 
such underground parts as potato tubers and parsnip roots. 

Starch is insoluble in water and therefore must be changed to 
sugar by an enzyme before it can be carried from one part of a plant 
to another. Thus, in a germinating seed the stored starch is gradually 
converted into sugar, which is transported to nourish the various parts 
of the growing plantlet. Since starch is readily digested by animals, 
it has a high food value, being equal to the sugars. 

Upon heating an acidified starch solution, the starch molecules first 
break down into dextrins, which are simpler in structure than starch, 
but more complex than the sugars. Dextrin is familiar to us as the 
adhesive on postage stamps, envelopes, etc. If the treatment is con- 
tinued, maltose (malt sugar) will be formed, and eventually glucose. 

A few plants, such as artichokes and dahlias, store reserve food in 
the form of inulin, instead of starch. This is similar to starch, except 
that it is formed from fructose, instead of glucose. 

No starch is found in the bodies of animals, but reserve food is 
stored to some extent in the form of glycogen, or animal starch. As is 
pointed out in the next chapter, this is stored chiefly in the liver, but 
also in the muscles and certain other tissues. Like starch, glycogen is 
formed by the combination of molecules of glucose. 

9. Cellulose. — Cellulose and related compounds are the chief com- 
ponents of thje cell walls of plants. Cellulose is still more complex than 
starch and is very insoluble and resistant. It is made in plants by the 
combination of many molecules of glucose, and by heating cellulose with 
acid it can be broken down into this sugar. The thickness of the cell 
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Starch Grains 

A, From corn grain; b, from wheat; c, 
from oats; d, from potato. (Magnified 
330 times.) 
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walls, and consequently the percentage of cellulose, vary greatly in dif- 
ferent parts of plants, the walls being thick and resistant in the woody 
stems, and thin and delicate in the softer portions, such as the fruits 
and leaves. Especially in the woody parts of plants, the cell walls do 
not consist merely of pure cellulose, but of cellulose combined with other 
carbohydrates, these combinations being even tougher and more resistant. 

In analyzing plants the chemist includes cellulose and these other 
resistant compounds under the term crude fiber, also called merely fiber. 

It is pointed out in later chapters that cellulose is digested by 
animals much less completely than starch or the sugars, and also that 
much energy is wasted in utilizing the portion that can be digested. 
Cellulose therefore has a relatively low feeding value. For such animals 
as man and the pig its value is especially low, for their digestive tracts 
are not suited to its utilization. 

10. Pentosajis; other carbohydrates. — The pentosans are similar 

to starch and cellulose, except that they are formed from the pentoses, 
or 5-carbon sugars. They are widely distributed in plants, being found 
in the largest amounts in the more woody portions and in the outer 
coats of seeds. For example, while com grain contains only 7 per cent 
or less of pentosans, average legume hay contains about 12 per cent of 
pentosans, non-legume hay as high as 20 per cent, wheat bran 20 per 
cent, and such feeds as cottonseed hulls even more.’ 

It is pointed out in the next chapter that the pentosans are digested 
in the same manner as is cellulose, and that they have a similar value 
for livestock. 

The hemicelluloses include a group of compounds, somewhat less- 
resistant than cellulose, which are composed of pentose sugars and alsa 
hexose sugars. They not only form part of the cell walls of plants, but 
also are sometimes stored as reserve food. For example, some of the 
root crops contain a considerable amount of hemicelluloses. 

Other classes of carbohydrates found in small amounts in certain 
plant structures are the gums, mucilages, and pectins. These are all 
very complex carbohydrates. Gum arabic and agar-agar are familiar 
examples of these classes. The setting, or jellying, of fruit jellies is due 
to the pectin which they contain. 

It is pointed out later in this chapter that in the usual chemical 
analysis of feeding stuffs, the more soluble parts of the celluloses and 
pentosans, including the hemicelluloses, are grouped with the sugars and 
starch under the term nitrogen-free extract. Organic acids, such as the 
acetic acid and the lactic acid of silage, are also included in this group. 

11. Pats and oils. — The fats, oils, and related substances are of 
much importance, both in plants and animals. Fats and oils are alike 
in composition and properties, except that fats are solid at ordinary 
temperatures, while oils are liquid. In discussions of livestock feeding^ 
both classes are usually included under the term ‘‘fat.’^ 

All fats and fat-like substances are soluble in ether and certain 
other solvents. Therefore in analyzing feeding stuffs, the sample of 
feed is extracted with ether, and all the substances thus dissolved are 
included under the classification of fat, or ether extract, ( Chemists ofteto. 
use the terms lipids, or lipoids, for the entire group of fats and other 
substances soluble in ether.) 
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Fats, like carbohydrates, are made up of carbon, hydrogen, and 
oxygen. However, the proportion of oxygen is much less and of carbon 
and hydrogen much greater than in carbohydrates, as is shown by the 
following formulas for three common fats: 

Stearin CgTHnoOe Palmitin Olein C57HJ04O6 

Due to the larger proportion of carbon and hydrogen, fats furnish 
about 2.25 times as much heat or energy per pound on oxidation as do 
the carbohydrates. They therefore have a correspondingly higher value 
per pound as food for animals. 

From the chemical standpoint, a molecule of fat is formed by the 
combination of three molecules of certain fatty acids with one molecule 
of glycerol (glycerine). The reverse occurs in the digestion of fats by 
animals, or when fat turns rancid. It then breaks down into free fatty 
acids and glycerol, water being taken up in the process. 

The various fats differ in their melting points and other properties, 
depending on the particular fatty acids they contain. It is beyond the 
scope of this '’volume to discuss the various fatty acids in fats. These 
range in complexity all the way from butyric acid, a liquid at ordinary 
temperatures, which is present in considerable amounts in butter fat, to 
stearic acid, a solid at usual temperatures, which is one of the chief 
constituents of beef fat. Even more complex fatty acids occur in 
certain fats. 

Some fatty acids are ‘‘ unsaturated, which means that they have 
the capacity to absorb oxygen or certain other chemical elements. Also, 
unsaturated fatty acids differ in degree of unsaturation. The value of 
linseed oil for paint and varnish is due to its large content of highly 
unsaturated fatty acids. Because of this, a film of linseed oil soon 
absorbs oxygen, on exposure to the air, and turns into a tough, resistant 
coating. 

As is pointed out in Chapter V, it has recently been discovered that 
certain unsaturated fatty acids are apparently necessary for animal 
life. 

12. Other substances included in the fat group. — In the grains 
and other seeds nearly all the ether extract, or so-called fat, consists of 
true fat, but in hay, grass, and other forages a considerable part is made 
up of other substances. While about 86 per cent, on the average, of the 
ether extract in seeds and their by-products consists of true fat, in the 
case of forages the true fat may form less than one-half of the ether 
extract.^ Certain of the non-fat substances included in this group are of 
vital importance to animals, though only very small amounts are present 
in feeds. On the other hand, other substances in the group may have 
no food value whatsoever. 

The sterols are complex alcohols which are found in traces in plants 
and animals. One of the sterols, ergosteroly is of vital importance in 
stock feeding. As we shall see in Chapter VI,' vitamin D, the anti- 
rachitic vitamin, can be formed from ergosterol and also certain other 
sterols, through the action of the ultra-violet rays of light. 

Small amounts of another sterol, called cholesterol , are widely dis- 
tributed in animal tissues. It is found especially in the brain, other 
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nervous tissues, and blood. One of its important functions is apparently, 
to aid in transporting fat from one part of the body to another, com- 
binations of cholesterol and the fatty acids being formed in the process. 

The carotenes and related pigments, or coloring substances, are also 
of outstanding interest, though contained in only very small amounts in. 
plants or animals. It is pointed out in Chapter VI that the carotenes 
are the substances that animals transform into vitamin A, which is 
essential for their life. The different carotenes and closely-related com- 
pounds which can be changed into vitamin A are all commonly included 
under the general term carotene (sometimes spelled carotin). 

Carotene is the yellow-coloring substance in carrots, sweet potatoes, 
squash, and butter fat. One of the very important facts in animal 
nutrition is that carotene is also supplied by the green-colored parts of 
plants, where, its yellow color is hidden by the green chlorophyll. Cer- 
tain yellow substances in this group, such as xanthophyll, do not serve as 
a source of vitamin A. 

Chlorophyll is thcf green-colored substance in all green plant parts. 
It has the remarkable property of synthesizing or building carbohy- 
drates from carbon dioxide and water, the energy required for the process 
coming from the sunlight. Though chlorophyll is essential for the 
growth of all green plants, it is not necessary, so far as is known, for 
animal life. Indeed, recent Georgia experiments indicate that it appar- 
ently has no food value to animals.^ . 

The phospholipids (also called phosphatides) are fat-like substances 
that contain in their molecules not only fatty acids and glycerol, but 
also phosphoric acid and nitrogenous groups. Though present in only 
small amounts in most plant and animal tissues, they apparently are of 
great importance in all life processes, for they are a vital part of the 
living protoplasm. It is believed by some that fats are transported from 
one part of the animal body to another in the form of these combinations. 
One of the most important of this group is lecithin, which is present 
especially in egg yolk, blood, and liver. Other phospholipids are found 
in brain tissue. 

The waxes occur widely distributed in plants, but usually in only 
small amounts. They are generally found in thin films on plant surfaces, 
as on stems and on the surface of fruits, to which they give the character- 
istic ‘‘bloom.’’ Apparently their function in plants is to protect the 
surface from the weather. The waxes are composed, like the fats, of 
fatty acids, but these are combined with compounds other than glycerol. 
Lanolin, or wool fat, is really a wax and not a true fat. Likewise, 
beeswax is mainly a wax. 

Other substances, of which only traces‘ occur in plants, are included 
in the “fat” group. For instance, one class of such substances is the 
essential oils, which largely give plants their characteristic odors and 
tastes. These do not serve as nutrients to animals, but aid in making 
food palatable. 

13. The nitrogenous compounds. — ^It has been pointed out that the 
various compounds grouped under the carbohydrates and fats generally 
are composed only of carbon, hydrogen, and oxygen. The substances in 
another great and important group — ^the nitrogenous compounds — 
contain nitrogen in addition, and also usually sulfur and sometimes 
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phosphorus. Of the compounds in this group, the proteins will be dis- 
cussed first, on account of their outstanding significance in plants and 
animals. 

14. The proteins. — The proteins are essential to all life, for the 
active protoplasm in living cells and also the nucleus, which controls the 
activity of each cell, are chiefly protein. In plants the greater part of 
the protein is usually concentrated in the reproductive parts and in the 
actively growing portions, such as the leaves. 

In animals not only the protoplasm, but also the cell walls are com- 
posed mostly of protein. Therefore protein forms by far the greater 
part of the muscles, the internal organs, the cartilages and connective 
tissues, and also such outer tissues as skin, hair, wool, feathers, nails, and 
horns. Protein is one of the chief constituents of the nervous system, 
and it even forms an important part of the bony skeleton, giving it 
tenacity and elasticity. 

The proteins are among the most complex of all plant or animal 
compounds, each molecule probably containing many thousands of atoms. 
On account of this great complexity, chemists have been able to study 
the structure of these substances only by breaking the molecules apart 
into much simpler compounds. This is usually done by digesting or 
boiling the protein for several hours with strong acid. A somewhat 
similar but more efficient process occurs in the digestion of food protein 
in the digestive tract of animals. 

16. Structure of the proteins. — ^Many different proteins have been 
separated by chemists from plant and animal products, and their com- 
position studied. These investigations have shown that each protein is 
composed of a considerable number of different amino acids, which are 
combined with each other to form the complex protein molecules. The 
amino acids may therefore be called the ‘‘building-stones^^ from which 
the proteins are made. The simpler of these amino acids are similar to 
the fatty acids in structure, except that they contain the nitrogenous 
amino group, NH 2 . Other amino acids are much more complex in nature. 

At least 22 different amino acids have already been found in the 
mixture formed when proteins are digested by the drastic acid treatment. 
Possibly still others exist in the protein molecules, for in the acid diges- 
tion a certain portion of the nitrogenous matter is destroyed or con- 
verted into substances that defy chemical study. Just as the letters 
of the alphabet may be combined into innumerable words, so the possi- 
bility for the combination of the amino acids into different proteins is 
almost limitless. 

16. Formation of proteins in plants and animals. — ^Plants are able 
to build the complex protein molecules from simple inorganic nitrogenous 
salts, such as the nitrates, which are taken from the soil through the 
roots. To form the proteins, the nitrogen is united with carbon, hydro- 
gen and oxygen from the sugars or other simple carbohydrates, and 
generally with small amounts of sulfur. Certain of the important pro- 
teins also cotitajn phosphorus. 

As is well known to all interested in agriculture, legume plants are 
able to utilize indirectly the nitrogen gas in the air to build proteins. 
This is brought about through the fixation of the free nitrogen by the 
fegipne bacteria in the nodules on the legume roots. These bacteria build 
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the nitrogen into organic nitrogenous compounds which are later used 
by the host plants. 

In strong contrast to plants, animals can form the proteins in their 
body tissues only from the amino acids which result from the digestion 
of protein in their food. To make a molecule of any particular body 
protein, several different amino acids are necessary, and these must be 
in certain definite proportions for each kind of protein. 

It is of great importance that animals have but limited capacity to 
change the amino acids of which they may have an excess into others that 
are needed. They can readily make some of the simpler amino acids 
from the amino acids of which there may be a surplus, or from other 
substances. However, as is pointed out in detail in Chapter VI they are 



Where Plants Secure Their Pood 

Plants obtain carbon dioxide from the air, and water, mineral matter, and 
nitrates from the soil. Legumes are able to use indirectly the nitrogen of the 
air. Plants give off water and free oxygen gas to the air through their leaves. 

not able to form certain of the amino acids from any other source. These 
particular amino acids are therefore necessary for their life and must 
be supplied in adequate amounts by the food. For this reason these 
vital amino acids arc called the essential or indispensable amino acids, 
to distinguish them from those that can be made from other amino acids. 

17. Quality of proteins. — Certain proteins entirely lack one or 
more of the essential amino acids. Therefore, as is pointed out at 
greater length in Chapter VI, if a purified protein of this kind is fed 
continuously to an animal as the only protein food, disaster will follow, 
due to the poor quality of the protein and not to a deficiency in the total 
amount. 

None of the ordinary feeds for livestock is completely deficient in 
any of the essential amino acids. For example, although zein, the chief 
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protein in com grain, lacks two of the essential amino acids, the other 
proteins in the grain partially make up this deficiency. However, the 
entire mixture of proteins furnished by corn contains insufficient amounts 
of these necessary protein building-stones to meet the body requirements 
completely. Therefore corn grain does not produce good results in stock 
feeding, unless this lack is corrected by including in the ration other 
feeds that will make good the deficiency in quality of protein. 

Rations or feeding stuffs that furnish insufficient amounts of any 
of the essential amino acids are said to have protein of poor quality. 
Those which provide the proper proportions of the various necessary 
amino acids are said to supply protein of good quality, 

18. Crude protein; true protein; amids. — In addition to the pro- 
teins, plants contain other nitrogenous substances of simpler composition. 
While the nature of these compounds varies widely in different plant 
substances and feeding stuffs, in most feeds the greater part is made 
up of amino acids and their derivatives. These are similar to the products 
formed when protein is digested by animals, and they therefore can be 
used for the same purposes in the body. For example, in corn silage 
nearly one-half^the protein has been pre-digested, as it were, into such 
simpler nitrogenous compounds. 

Plants also contain smaller amounts of other nitrogenous compounds, 
especially those that the chemist calls amids. These are found in largest 
quantities in green plant tissues. In the amids, the nitrogenous group 
is attached in a different manner than in the case of the amino acids. 
Experiments indicate that, as a result, farm animals probably cannot use 
the amids directly as a substitute for protein, though they do serve as 
sources of heat and energy, like the carbohydrates. 

Formerly, many scientists differentiated sharply between true pro- 
teins and all the simpler nitrogenous compounds, believing that none of 
the latter could replace the proteins in animal feeding. We now know 
that there may be just as great a difference in nutritive value between 
two pure proteins, as there may be between a protein and the mixture 
of these simpler compounds occurring in common feeds. Therefore, in 
the computation of rations for livestock all the nitrogenous substances 
in feeds are now generally classed together. 

The term crude protein has been commonly used to designate all 
the nitrogenous substances in feeding stuffs. The simpler nitrogenous 
compounds have been called amids, or non-protein nitrogenous com- 
pounds, (The use of the term amids for this group has been unfortunate, 
for it includes not only the true amids, but also considerably larger 
amounts of the amino acids and their derivatives.) 

For the sake of simplicity and also because the separation of nitrog- 
enous compounds into proteins and amids now has no real significance, 
the term protein is generally used in this volume to denote all nitrog- 
enous compounds. When it is desired to refer to the substances which 
are actually proteins from the chemical standpoint, the term true protein 
is employed. 

19. Mineral matter. — Though present in most plants in relatively 
small amounts, mineral nutrients are essential for their growth. It has 
long been known that phosphorus, potassium, sulfur, calcium, iron, and 
magnesium are necessary, and recent investigations have shown that 
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certain other minerals are also needed, of which only traces occur in 
plants. Minute amounts of manganese and copper are required, at least 
by many plants, and perhaps also traces of boron, zinc, and other 
minerals. 

The mineral substances used by plants in their growth are taken 
from the soil through the roots in the Jorm of solutions of the mineral 
salts. With the exception of nitrogen, phosphorus, potassium, and cal- 
cium, there is no general lack of minerals in soils. In rare instances, the 
addition of other, minerals may cause marked improvement in plant 
growth. For example, sulfur is deficient in a few soils, and a lack of 
manganese or of copper has occasionally produced injurious effects on 
crops. 

In plants the necessary minerals occur largely as parts of the organic 
compounds. For example, most proteins contain sulfur, and many have 
phosphorus as a component. Phosphorus is also a part of the phos- 
pholipids, which are constituents of all protoplasm. Magnesium is an 
essential part of the chlorophyll. 

The higher animals contain much larger amoimts of minerals than 
do plants, for their bony skeletons are composed chiefly of calcium and 
phosphorus. Iron is a vital part of the hemoglobin of the blood, and 
other minerals have important functions. On account of the importance 
of minerals for farm animals, this subject is discussed in detail in 
Chapter VI. 

The amounts of the various important mineral elements in typical 
feeds are shown in Appendix Table IV. Because calcium and phosphorus 
are of especial significance in the selection of feeds for livestock, the 
amounts of these minerals in the various feeding stuffs are given in 
Appendix Table I, as far as the information is available. 

20. Vitamins. — The discoveries made during recent years con- 
cerning the importance of vitamins for animals are among the most 
outstanding in the science of nutrition. The functions of the different 
vitamins and their occurrence in the various classes of feeds are dis- 
cussed in Chapter VI. In Appendix Table V data are given concerning 
the relative amounts of the different vitamins in typical feeding stuffs. 

II. The Composition of Feeding Stuffs 

21. Chemical composition of feeds. — In order to combine the 
various feeds that may be available into rations which will meet the nutri- 
tive requirements of livestock, it is necessary, first of all, to have definite 
knowledge concerning their chemical composition. As we shall learn 
later, there must also be considered the other special characteristics of 
the feeds, in addition to the amounts of the various nutrients they 
contain. 

In the usual chemical analyses of feeding stuffs and plant materials, 
all the compounds are grouped, for simplicity and also for ease of 
analysis, into a few general classes. The following determinations are 
commonly made: Water; mineral matter, or ash; protein; fiber; and 
fat. As is stated later, nitrogen-free extract is found by difference and 
not by direct determination. 

22. Appendix Table I. — To make available as complete and 
authoritative information as is possible on the composition of American 
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feeding stuffs, extensive compilations have been made for this volume of 
the analyses that have been reported by the American experiment sta- 
tions, the United States Department of Agriculture, and the state feed- 
control services. The average composition of each feed, as found in 
these compilations, is given in Appendix Table I. 

Where the composition of milling and other by-products has been 
changed in recent years because of modifications or improvements in 
manufacturing processes, care has been taken to include in these new 
averages, only the recent analyses of such by-products. When the com- 
position of any feed is decidedly affected by any particular factor, 
separate averages are given, where possible, for the different qualities 
of that feed. For example, in many instances separate averages are given 
for hay cut at various stages of maturity, since this greatly affects the 
composition. The various factors that influence the composition of feed- 
ing stuffs are discussed at some length in Chapter IV. 

Since a thorough understanding of the composition of feeds is neces- 
sary in the study of livestock feeding, let us, consider briefly the signifi- 
cance of the figures given in Appendix Table I for the various groups 
of constituents. 

The first four columns of figures in the table give for each feed the 
data that are most commonly used in computing rations for livestock. 
These are: (1) The percentage of dry matter; (2) the percentage of 
digestible protein; (3) the percentage of total digestible nutrients; 
and (4) the nutritive ratio. The meaning and significance of these terms 
are explained in Chapter III. In the fifth to ninth columns of figures 
are given the total percentages of each class of nutrients in the feed, 
including both the digestible and the indigestible parts. 

23. Dry matter; water. — It will be noted that the first column of 
figures in Appendix Table I gives the average percentage of dry matter 
in each feed. This is found by determining the percentage of water 
and substracting the water content from 100 per cent. 

The chemist determines the amount of water by drying a finely- 
groimd sample of the feed for some hours in an oven at a definite tem- 
perature and under standardized conditions, until no more water is 
given off. The difference between the first and last weights is taken as 
the amount of water in the sample. Traces of volatile substances, such 
as those which give various plants their characteristic odors, are also 
driven off by this heating, but the weight of such compounds is gen- 
erally insignificant. 

Prom an inspection of Appendix Table I it is evident that even such 
<<dry’’ feeds as the cereal grains usually contain only 91 per cent or 
less of dry matter and therefore 9 per cent or more of water. The 
water content of corn grain differs so much that separate averages are 
given for the various grades of corn. It will be noted that while well- 
dried com contains 88.5 per cent dry matter, corn of Federal grade No. 
5 contains only 78.5 per cent dry matter, on the average, and obviously 
has a correspondingly lower feeding value. 

Milling or other by-products which are heated or dried in the manu- 
facturing process, such as com gluten feed, linseed meal, and cotton- 
seed meal, generally contain slightly less water than the grains. After 
curing in the mow or stack, hay contains only 15 per cent water or less, 
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while fresh green grass and other green forage usually have 70 to 80 
per cent water. Roots are especially watery, mangels and turnips con- 
taining more than 90 per cent of water, on the average. 

24 . Protein. — As has been explained previously in this chapter, 
in the regular chemical analysis of feeds all the nitrogenous compounds 
are included together in the one group called crude protein, or merely 
protein. Contained in this group are not only the true proteins in the 
feed, but also all the simpler nitrogenous substances which are classed 
under the term amids. For simplicity, this entire group of nitrogenous 
substances is called protein in this volume. When it is desired to differ- 
entiate between the entire group and the amount of actual proteins, the 
.term true protein is used for the latter. 

The process of determining the percentage of protein in a feed is too 
complicated for presentation here. It is sufficient to say that the nitrogen 
content is found, and the result multiplied by 6.25 to give the protein, 
since about 16 per cent of proteins is nitrogen, on the average (100 -r- 16 
= 6.25). 

The percentage of nitrogen in the proteins of various substances 
differs to an appreciable extent, and therefore other factors are some- 
times used to convert the percentages of nitrogen into the percentages 
of protein. For example, the factor 5.83 is more exact than the factor 
6.25 in the case of the grains from wheat, rye, barley and oats, and in 
the case of milk the factor 6.38 is often used.^ However, in the computa- 
tions of rations for livestock, the general factor 6.25 is commonly em- 
ployed ’for all feeds. 

In comparing the composition of various feeds, especial attention 
should be given to the protein content, due to the great importance of 
this group of nutrients in stock feeding. For this reason, in the detailed 
discussions of the many different feeding stuffs given in Part II, emphasis 
is placed on the amounts of protein they furnish. 

As may be seen from an inspection of Appendix Table I, the per- 
centage of protein differs widely, ranging from 2.8 per cent in cane 
molasses and 3.9 per cent in cottonseed hulls to 40 per cent or more in 
corn gluten meal, cottonseed meal, soybean oil meal and peanut oil meal. 

In determining whether a given feed is actually rich or poor in 
protein or other nutrients, attention must be paid to the water content. 
For example, fresh, green young rye plants, 5 inches high, contain 6.5 
per cent protein. However, at this stage they have over 80 per cent 
water. If dried to a hay basis, the rye would have more than 30 per 
cent protein, and is therefore actually rich in protein, in comparison 
with the amounts of other nutrients. 

25 . Pat. — All the substances soluble in ether are included under 
the term fat. This group therefore contains not only the true fats, but 
also the various other fat-like substances that have been discussed pre- 
viously. As has been pointed out, the ether extract of seeds is nearly 
all true fat, while a large part of that in the roughages consists of other 
substances, such as waxes and chlorophyll. The percentage of fat in a 
feed is found by extracting a finely-ground sample with ether con- 
tinuously for some hours in a suitable apparatus, and then evaporating 
the ether from the solution and weighing the fatty residue. 

Appendix Table I shows that oats and com are the highest in fat 
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among the cereal grains, oats containing 4.7 per cent fat and corn 4.0 
per cent. Certain seeds, such as cottonseed, flaxseed, and soybeans, are 
so rich in fat that much oil can be secured from them. These seeds 
therefore serve as important sources of oil for various purposes, and 
the oil meals that remain, which contain much less fat, are important 
stock feeds. Most roughages are relatively low in fat. 

26 . Fiber. — The fiber content of a feed is of much importance 
in livestock feeding, because feeds that are high in fiber are less diges- 
tible and therefore less nutritious than those that are lower in fiber. 
As has been pointed out previously in this chapter, this group of sub- 
stances includes those celluloses and other carbohydrates which are so 
resistant and insoluble that they are not dissolved by weak acids and 
alkalies. 

The fiber content of a feeding stuff is determined by boiling a sample 
successively in weak acid and in weak alkali, and washing out the dis- 
solved material! The residue, which contains the fiber and some of the 
mineral matter, is dried and weighed. Then the residue is burned to 
an ash, and the ash, or mineral matter, weighed. The difference in weight 
is the amount of fiber. 

Com contains but 2.3 per cent of fiber and wheat 3.0 per cent or 
less, while oats contain 10.6 per cent, because of the woody hulls. Rough- 
ages contain much more fiber than the concentrates, and the straws are 
especially high in it. Mangels contain but 0.8 per cent fiber ; were they 
dried to the same water content as oats, they would contain only 7.8 
per cent fiber, which is less than oats. 

27 . Mineral matter, or ash. — The percentage of mineral matter 
is determined by burning a sample of the feed until the ash is free from 
carbon. It will be seen that the percentage of mineral matter in feeds- 
differs widely, though most feeds contain a relatively small amount. 
Com grain has only 1.4 per cent of mineral matter and wheat 2.0 per 
cent, while oats have 3.6 per cent, because of the hulls, which carry con- 
siderable minerals. 

The hays and straws are higher in mineral matter than such grains 
as com or wheat, due to the accumulation of minerals in the leaves 
during growth, to soil washed upon the growing plants by rain, and to 
dust settling on the roughage before it is housed. Owing to their high 
water content, the percentage of minerals in fresh grass, silage, and 
mangels is low. 

On account of the especial importance of calcium and phosphorus 
in stock feeding, the percentages of these minerals in various feeds aro 
given in Appendix Table I, so far as data are available. The percen- 
tages of most of the important minerals in typical feeds are shown in 
Appendix Table IV. 

28 . Nitrogen-free extract. — ^The nitrogen-free extract includes the 
more soluble and therefore more valuable carbohydrates, such as starch, 
the sugars, the hemicelluloses, and the more soluble part of the celluloses 
and pentosans. It also contains certain other substances, such as organic 
acids, which are present in only very small amounts, except in products 
Uke silage and certain fruits. 

The percentage of nitrogen-free extract is found by difference and 
not by actual analysis. The percentages of water, ash, protein, fiber, and 
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fat are merely added together and the sum subtracted from 100 per cent. 

Appendix Table I shows that the cereal grains are particularly high 
in nitrogen-free extract. For example, com, wheat, rye, and the grain 
sorghums have about 70 per cent. In the cereals nearly all of the nitro- 
gen-free extract is starch. The hays and other roughages are much 
lower in nitrogen-free extract, and considerable of it consists of hemi- 
celluloses and the more soluble portion of the celluloses and pentosans. 
The nitrogen-free extract of roughages is therefore less nutritious than 
the nitrogen-free extract of the seeds and other concentrates. 

In the table headings in the Appendix Tables of this book, nitrogen - 
free extract is abbreviated to ‘‘N-free extract’^ to save space. 

29. Guarantees of composition. — It is pointed out in Chapter IV 
that under the laws regulating the sale of commercial feeds, in most 
states the manufacturer must guarantee the minimum percentages of 
protein and of fat and the maximum percentage of fiber. In other 
words, the feed must not contain less than these percentages of protein 
and of fat and it must not contain more than the guaranteed percentage 
of fiber. Commonly it is required that these ^arantees be plainly stated 
on tags attached to each sack of commercial feed. Usually, ground 
grains and certain other feeds are excepted from these regulations. 

The average composition given in Appendix Table I will enable the 
purchaser to determine whether the particular lot of feed comes up to 
the usual grade. Since the feeding stuff laws arc generally enforced 
strictly, the feed in the sack will commonly have as much protein and 
fat as is guaranteed, and often slightly more. Likewise it will usually 
contain no more fiber than guaranteed. 

30. Carbohydrates. — The term carbohydrates includes both the 
fiber and the nitrogen-free extract in feeds. 

In a few instances the percentages of fiber and of nitrogen-free 
extract are stated on the tags attached to sacks of commercial feeds, or 
in the advertising literature, and then the percentage of carbohydrates 
is also shown, with nothing to indicate that this is a duplication. This 
should not be done, as it may be misleading to purchasers. 

31. Concentrates and roughages, — These terms are convenient to 
separate feeds into two general classes upon the basis of their fiber con- 
tent and the amount of total digestible nutrients they furnish. 

Concentrates are feeds that arc' low in fiber and high in total 
digestible nutrients. Examples of this' class of feeds are the various 
grains and the high-grade by-products, such as hominy feed, wheat bran, 
cottonseed meal, linseed meal, corn gluten feed, etc. Attention should be 
called to the fact that concentrates may be either low in protein or rich 
in protein. This is often misunderstood and the term used only for 
protein-rich feeds of concentrated nature. 

Roughages are feeds that are high in fiber and therefore low in 
total digestible nutrients. Such feeds as hay, corn fodder, straw, and 
silage belong to this class. Some of the low-grade milling by-products, 
such as Oat hulls, ground corn cobs, and cottonseed hulls are roughages, 
rather than concentrates, for they are largely fiber and furnish but 
little nutriment. 

Roots are watery and bulky, and contain only a small amount of 
nutrients per pound, yet based on the composition of their dry matter 
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they are more like concentrates than roughages, as they are low in fiber. 
They are really watery, or diluted, concentrates, though for convenience 
they are included under green roughages in Appendix Table I. 

III. The Composition of Animals 

32. Animals and plants compared. — To fix in mind the funda- 
mental differences between the nutrition and composition of plants and 
animals, let us review certain points that have already been mentioned 
in this chapter. One of the major differences in composition is that in 
animals the walls of the body cells are made chiefly of protein, while 
in plants they are composed of cellulose and other carbohydrates. Fur- 
thermore, in plants the reserve food is stored, for the most part, as starch, 
another carbohydrate. In animals, on the other hand, nearly all the 
reserve is stored in the form of fat. 

Perhaps the most important difference in the nutrition of plants 
and animals is in their sources of energy. Plants can use energy supplied 
by the sun in building inorganic matter taken from earth and air into 
organic compounds. In this process the energy from the sun becomes 
latent, or hidden. Animals cannot secure directly from the sun the 
energy necessary for their life, but must live on the organic, energy-rich 
compounds built by plants. After the changes that occur in digestion, 
these organic compounds are built into body tissues or are broken down 
within the body to produce heat and energy. Plants are thus sun-power 
machines for furnishing food to support animal life. 

33. Composition of animals. — Many years ago Lawes and Gilbert, 
the famous early English agricultural scientists, analyzed the entire 
bodies of several farm animals — a task involving much labor.® More 
recently similar studies have been made at certain of the American ex- 
periment stations, especially at the Missouri, Illinois, and Minnesota 
Stations.® The table on the next page, which gives some of the results of 
these investigations, shows that the composition of the bodies of live- 
stock differs greatly, according to their age and degree of fatness. 

The table shows that 71.8 per cent of the body of a 100-lb. calf is 
water and that the proportion of water steadily grows less as the animal 
matures and fattens, the body of an exceedingly fat 1,870-lb. steer con- 
taining only 39.8 per cent water. The percentage of protein remains 
fairly constant during growth but decreases as the animal fattens. On 
the other hand, the percentage of fat increases gradually during growth, 
and more rapidly while fattening. Over one-third of the carcass of the 
very fat 1,500-lb. steer is fat, and over 44 per cent in the case of the 
exceedingly fat animal. The percentage of mineral matter shows the 
least change, but decreases as the animal fattens, since the fatty tissue 
contains but little mineral matter. 

Similar changes occur in the bodies of sheep and swine, as the 
animals mature and fatten. In general, swine at the same stage of 
fattening contain somewhat less water and protein and considerably more 
fat than cattle. The very fat pig, for example, contains 42.6 per cent 
fat and only 11.6 per cent protein. Due to their small skeletons, the 
bodies of swine contain less mineral matter than those of cattle and 
sheep. 



Indian Corn -The Kino of the Cereals 

On millions of fnrins t he succoss of animal husbandry depends largely on corn. 
Corn grain is an oxe(‘l!ent example of a (concentrate, for it is very low in fiber and 
furnishes a largcc amount of dig(‘stible mal t-er. 
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Legume Hay — Unexcelled as a Dry Roughage 

Fortunate indeed is the farmer who has provided bounteous crops of choice le- 
gume hay for his stock. Clover or alfalfa hay is a roughage, for it is relatively high in 
crude fiber, but it is a roughage of the highest value, because it is rich in crude pro- 
tein, calcium, vitamin A, and vitamin D. 
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Marketing Crops Through Livestock Saves Fertility 

Fattening cattle, sheep, or swine store in their bodies only a small part of 
the nitrogen, calcium, and phosphorus in their feed, and the remainder is 
voided in the manure. When the manure is handled in the manner advised in 
Chapter XX, the loss of fertility is reduced to a minimum. (From U. S. 
Department of Agriculture.) 
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A Heavy Loss of Fertility Occurs When Hay Is Sold 

Few farmers realize that each ton of hay or grain sold from the farm removes 
$4 to $6. worth of plant food. (See Chapter XX.) (From U. S. Department 
of Agriculture.) 
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Composition of the bodies of farm animals* 



Water 

Protein 

Fat 

Mineral 

matter 

Calf, wt, 100 lbs 

Per cent 

71.8 

Per cent 

19.9 

Per cent * 

4.0 

Per cent 

42 

Calf, wt. 300 lbs 

65.7 

18.8 

112 

42 

Growing steer, wt. 700 lbs 

Partly fat steer, wt. 1,000 lbs 

60.3 

18.6 

16.6 

4.5 

52.0 

17.1 

26.9 

4.0 

Fat steer, wt. 1,200 lbs 

48.0 

16.0 

322 

3.7 

Very fat steer, wt. 1,500 lbs 

43.5 

15.7 

37.6 

32 

Exceedingly fat steer, wt. 1,870 lbs 

39.8 

12.4 

44.6 

3.0 

Thin 4-yr. old steer 

57.2 

20.0 

172 

5.1 

Dairy cow 

56.8 

172 

20.6 

5.0 

Fat dairy cow 

502 

15.6 

292 

4.2 

Mature horse 

61.9 

18.2 

14.1 

4.7 

Fat lamb 

50.9 

17.4 

24.9 

42 

Sheep, before fattening 

61.0 

15.7 

19.9 

3.4 

Half-fat sheep 

552 

15.4 

25.9 

3.5 

Fat sheep 

46.2 

13.0 

37.9 

3.0 

Very fat sheep 

37.1 

11.5 

48.3 

3.1 

Growing pig, wt. 100 lbs 

66.8 

14.9 

16.2 

3.1 

Fairly fat pig, wt. 200 lbs 

54.0 

14.5 

28.5 

2.7 

Very fat pig, wt. 300 lbs 

42.5 

11.6 

42.6 

2.1 

Young brood sow 

48.3 

15.8 

33.6 

2.4 

Chick, wt. 0.07 lb 

76.0 

17.3 

4.7 

2.1 

Pullet, wt. 0.6 lb 

712 

20.8 

3.5 

3.6 

Pullet, wt. 1.0 lb 

71.1 

22.6 

2.6 

3.7 

Pullet, wt. 2.0 lbs 

65.7 

22.8 

6.6 

3.6 

Pullet, wt. 4.0 lbs 

55.8 

19.2 

20.0 

3.1 


*Not including contents of digestive tract. 


The changes in composition are due chiefly to the accumulation of 
fat in the body. Indeed, it has been found that after an animal is only 
partly grown, the percentages of water, protein, and mineral matter, on 
a fat-free basis, change but little.*^ 

The amounts of the principal mineral constituents in the bodies of 
farm animals are shown in Appendix Table IV. Because they form the 
chief minerals in the bones, calcium and phosphorus greatly exceed in 
amount the other mineral components of the body. Calcium, the largest 
mineral constituent of the bones, ranges in amount from about 0.45 per 
cent in the body of the fat pig to 1.5 per cent in unfattened cattle. The 
content of phosphorus is somewhat more than one-half that of calcium^ 
and the amounts of other minerals are relatively small. For example, 
although iron performs exceedingly important functions, there is only 
about 0.01 to 0.03 per cent of iron in the body of animals.^ In other 
words, the body of a 1,000-lb. cow contains only 0.1 to 0.3 lb. of iron. 

34. Nutrients and rations, — ^In discussing stock feeding it is 
necessary to understand clearly what is meant by each of the following 
terms : 

The term nutrient is applied to any food constituent or group of 
food constituents of the same general chemical composition, that aid in 
the support of animal life. Crude protein, the carbohydrates, and fat 
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constitute the generally recognized classes of nutrients, although ait^ 
water, mineral matter, and vitamins might likewise be so termed. 

The term digestible nutrient means that portion of each nutrient 
which may be digested and taken into the body. 

A ration is the feed allowed for a given animal during a day of 24 
hours, whether it is fed at one time or in portions at different times. 

A balanced ration is one which furnishes the several nutrients — 
protein, carbohydrates, and fat — in such proportion and amount as will 
properly nourish a given animal for 24 hours. 

QUESTIONS 

1. What 4 {unctions does water perform in plants and animals? 

2. State the relative amounts of carbohydrates in plants and in animals. 

5. Name the 3 most important hexoses, or 6-carbon simple sugars, and state where 
each occurs. Which of these is important in the animal body? 

4. Name 3 important compound sugars and state where each occurs. 

5. What are polysaccharides ? State 5 important classes of plant substances included 

in this group. 

6. What is the general formula for all polysaccharides composed of 6-carbon sugars ? 

Of the pentosans? 

7. What compound similar to starch is found in the animal body? 

8. What is the function of cellulose in plants? Why does it have a relatively low 

feeding value for stock? 

9. State the relative amounts of pentosans in various types of feeds. 

10. State two other names given to the fats and fat-like substances. 

11. Why do fats have a higher energy value per pound than carbohydrates? 

12. Of what is a molecule of pure fat composed? 

13. What is meant by the term, ‘‘unsatiirated fat*^? Name one common oil that is 

highly unsaturated and state its importance. 

14. Name 6 other groups of substances that are not fats, but which are included in 

the general group of fats. 

15. Of what importance in stock feeding are (1) ergosterol, (2) carotene? 

16. Discuss the importance of proteins in the animal body. 

17. Of what units are proteins composed ? What is meant by the term essential amino 

add? 

18. Explain what is meant by proteins of good quality and proteins of poor quality, 

19. Distinguish between crude protein and true protein. 

20. Of what two minerals are the skeletons of animals chiefly composed? 

21. In the usual chemical analysis of feeds, what six groups of substances are usually 

determined ? 

22. Name 4 common feeding stuffs that contain over 30 per cent total protein. Name 

4 dry feeds that contain less than 10 per cent protein. (See Appendix Table I.) 

23. Name 3 seeds that are so rich in fat that they are common sources of oil. 

24. Name 4 feeds that contahi over 40 per cent fiber. Name 4 common dry feeds that 

contain less than 4 per cent fiber. 

25. Name 4 feeds that are rich in calcium ; 4 that are rich in phosphorus ; 4 that are 

poor in calcium; 4 that are poor in phosphorus. 

26. How will the amounts of protein, fat, and fiber actually present in a commercial 

feed generally compare with the guarantee for protein, fat, and fiber? 

27. Define concentrates and roughages and give examples of each. Does the amount 

of protein in a feed determine its classification as a concentrate or a roughage ? 

28. Compare and contrast the composition and the source of energy of animals and 

plants. 

29. Discuss the changes in the chemical composition of animals as they grow and as 

they fatten. 
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30. Approximately what percentages of water, protein, fat, and mineral matter are 

there in the body of a fat steer? 

31. Define nutrient; digestible nutrient; ration; balanced ration. 
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CHAPTER II 

THE DIGESTION, ABSOEPTION, AND USE OP FOOD 
I. Digestion and Absorption 

36. Digestion required before food can be utilized. — Most of the 
foods consumed by animals are too insoluble and composed of substances 
which are too complex to be absorbed unchanged from the digestive tract. 
In general, before food can be assimilated and used it must undergo ex- 
tensive changes and be broken down into relatively simple chemical 
compounds. These are soluble and can pass through the mucous mem- 
brane that lines the digestive tract and thus reach the blood circulation. 
Water, glucose, soluble mineral matter (such as common salt), and a few 
other substances ropuire no modifications before they can be assimilated. 

All the changes which food undergoes within the digestive tract to 
prepare it for absorption and use in the body are known as digestion. 

These changes which occur during digestion are both mechanical and 
chemical. First of all, the food must be broken into small particles by 
mechanical means, so that a large surface will be exposed to the action 
of the digestive juices. This is especially important in the case of seeds, 
which are protected by hard seed coats or hulls. The mechanical breaking 
apart of the food is accomplished by mastication, or chewing. Also, par- 
ticularly in the case of ruminants, motions of the stomach aid in mixing 
and softening the food and even in breaking it apart. 

The chemical changes by which the complex food compounds are 
broken dovm into much simpler substances are produced chiefly by en- 
zymes. In the case of herbivora (herbage-eating animals) bacteria and 
possibly other micro-organisms are also important agents in digestion. In 
all animals the hydrochloric acid aids digestion in the stomach, and the 
bile in the small intestine. 

36. Enzymes. — ^As most of the changes which food undergoes in 
digestion are effected through enzymes, their general nature should be 
clearly understood. 

Enzymes are remarkable organic compounds which bring about 
changes in other organic compounds without themselves being changed 
or broken down. 

To illustrate the action of enzymes, let us take ptyalin, the enzyme 
contained in the saliva of man and certain animals, which changes the 
starch of the food, which is insoluble, into sugar, which is soluble. If 
starch is mixed with saliva and the whole kept at body temperature, the 
starch gradually dissolves, being changed to maltose, or malt sugar. 
Through the action of the ptyalin, the complex starch molecule has been 
cleaved, or split, into the simpler molecules of sugar. If starch is mixed 
merely with water, instead of saliva, this change will not occur. 

The ptyalin is not itself used up to any appreciable extent in this 
process, for, if more starch is added and the resulting sugar removed, 
the process may be repeated many times. The great activity of the diges- 
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tive enzymes is shown by the fact that a given weight of the amylase of 
the pancreatic juice is able to digest 4,000,000 times its own weight of 
starch.^ 

Heating the enzyme above a certain temperature destroys it. At 
the freezing temperature its action ceases, though the enzyme is not de- 
stroyed, for on warming it becomes active again. Ptyalin acts best in a 
neutral solution or in one which is only very slightly alkaline or acid. 
It is destroyed by the presence of much acid or alkali, while some other 
enzymes act only in acid solutions. Each of the enzymes of digestion is 
capable of acting on only one of the groups of nutrients ; for example, 
on proteins, on starch, or on fats. 

The digestion of food by enzyme action consists of the splitting or 
cleaving of complex molecules of protein, starch, etc., into simpler com- 
pounds, which are soluble and can be absorbed into the body. During 
these processes, water is taken up chemically and enters into the mole- 
cules of the compounds undergoing digestion. There is but little loss of 
energy in this enzyme action on food, while in the breaking down of food 
compounds by bacterial fermentation, much energy is lost. 

37. The alimentary canal. — The alimentary canal is a long, tor- 
tuous tube passing through the animal from mouth to rectum, enlarged 
in places for the storage of food or waste. It includes the mouth, esopha- 
^s (or gullet), stomach, small intestine, and large intestine. Within its 
linings are glands which secrete the various fluids of digestion, and into 
it, from other organs located near by, pour still other digestive fluids. 
Within its walls are nerves controlling its action, arteries which nourish 
it with fresh blood, and veins and lymphatics which absorb and carry 
from it the products of digestion. 

Ruminants (animals which chew the cud), including cattle, sheep, 
and goats, have much more complicated digestive tracts than other ani- 
mals. The horse and the pig have a simple stomach, containing only a 
single compartment. A ruminant has a compound stomach, which con- 
sists of four distinct compartments. Of these, the first and by far the 
largest is the paunch, or rumen ; the second is the honeycomb, or reticu- 
lum ; the third, the manyplies, or omasum ; and the fourth, the abomasum, 
or so-called ^Hrue stomach.’^ Enzymes are secreted only in the fourth 
compartment, where gastric juice is produced, the same as in the stomach 
of animals that have a simple stomach. 

The four-fold stomach of a full-grown cow may hold over 250 quarts, 
while the single stomach of a horse holds only 12 to 19 quarts and that 
of a pig about 8.5 quarts. Cattle and sheep owe their ability to utilize 
large amounts of roughage to the great capacity of their stomachs, and 
to the digestion of the fiber of feeds which takes place therein. 

The small intestine is the long, folded, tortuous tube into which the 
stomach empties. It is about 130 ft. long in mature cattle, 70 ft. in 
horses, 80 ft. in sheep, and 60 ft. in swine. Its average capacity is about 
as follows: cattle, 70 quarts; horse, 50 to 65 quarts; sheep and swine, 10 
quarts. The large intestine, into which the small intestine empties, is 
larger in diameter but much shorter. 

In the horse, that part of the large intestine next to the small intes- 
tine, called the blind gut, or caecum, is greatly enlarged, and also the 
colon, or second part of the large intestine, is much larger than in cattle. 
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Due to this, the large intestine of the horse holds from 120 to 140 quarts. 
Were it not for this, the horse would be unable to consume and digest 
large amounts of roughage. 

In cattle, the large intestine has a capacity of about 40 quarts, and 
in sheep, 6 quarts. The pig, which has neither the compound stomach 
of the ruminants nor the large caecum of the horse, is not well fitted to 
use large amounts of roughage. His large intestine, however, holds nearly 
twice as much as that of the sheep, which aids him somewhat in disposing 
of coarse feed. 

38. The circulation of blood. — ^In order to understand the manner 
in which nutrients arc absorbed from the digestive tract and transported 
to various parts of the body, it is necessary to have in mind certain facts 
concerning the circulation of blood and lymph. 



Diagram of the Circulation of the Blood 

1, The heart; 2, artery carrying blood to the head and fore limbs; 3, circula- 
tion through the upper portion of the body; 4, vein carrying blood from upper 
part of body back to the heart; 5, artery carrying venous blood to lungs; 6, 
circulation through lungs; 7, vein carrying arterial blood back to heart; 8, artery 
carrying blood to lower portion of body; 9, circulation through rear extremities; 
10, vein carrying blood to heart from rear extremities; 11, artery carrying blood to 
intestines; 12, circulation through intestind capillaries; 13, portal vein carrying 
blood to liver; 14, circulation through liver; 15, circulation through kidneys. 
(From Smith, “Manual of Veterinary Physiology.’’) 

The arteries and veins of the blood system permeate every portion of 
the body, the former carrying blood away from the heart, and the latter 
carrying it to the heart. At the extremities of the small arteries are still 
more minute blood vessels, called capillaries, which connect them with the 
veins. 

If one extends his arms in front of him with his finger tips touching, 
his body will represent the heart, while one arm will represent an artery 
carrying blood from the heart, and the other a vein conveying blood to 
the heart. The touching fingers will correspond to the capillaries con- 
necting the arteries with the veins, and the space all about the fingers 
will represent the surrounding body tissues. 

In general, neither the veins nor the arteries allow any substance 
within them to escape through their walls proper. It is through the ca- 
pillaries that the nutrients carried by the blood find fcheir way into the 
body tissues for their nourishment, and through the capillaries and the 
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lymph vessels that are mentioned later, the waste of the body drains back 
into the blood circulation. 

39. The lymph. — The innumerable cells of which the various parts, 
of the body are composed are bathed by the lymph, which fills the spaces 
between the cells. The lymph is a nearly colorless fluid that comes from 
the blood plasma, or the watery part of the blood. This passes through 
the walls of the capillaries and thus surrounds the body cells. It serves 
as the medium through which the nutrients and the oxygen from the 
arterial blood pass to the cells, and by which the carbon dioxide and 
other waste products are transferred to the blood in the veins. 

Some of the lymph passes back directly to the blood capillaries, and 
the rest is drained away by the system of lymph vessels. These vessels 
resemble the veins, but they are thinner and more transparent. The small 
lymph vessels unite to form larger ones, and after passing through 
lymph glands, the lymph enters the venous blood stream near the 
heart. One purpose of this separate lymphatic system is probably to 
guard the body against infection, for when bacteria gain entrance to 
the body tissues they are commonly carried by the lymph to the lymph 
glands. Here they may be killed and digested, thus overcoming the 
infection. 

40. The villi of the small intestine. — The digested nutrients are 
absorbed into the circulation chiefly through the mucous membrane 
which lines the small intestine. In order to provide a larger surface 
so that the nutrients may be more completely absorbed, this mucous 
membrane has innumerable cone-like projections, called villi. These 
villi, which give the mucous membrane a velvety appearance, project 
toward the center of the intestinal tube and thus come into intimate 
contact with the fluid contents. 

Within each villus is a lacteal, or drainage tube of the lymphatic 
syvStem, and a network of capillaries of the blood system. The veins from 
the intestine unite and form the portal vein, which carries the absorbed 
nutrients to the liver and then on to the heart. 

41. Mastication. — In the mouth the food is crushed and ground by 
the teeth and at the same time moistened by the somewhat slimy saliva, 
so that it can readily be swallowed. Moist and slippery masses are formed 
which pass easily through the gullet and into the stomach. Exceedingly 
large amounts of saliva are secreted by the larger farm animals, especially 
when eating dry feed. For example, a cow may secrete as much as 125 
lbs. in 24 hours. 

The sensation of taste depends largely on the saliva, as this dissolves 
small amounts of the food, which affect the nerves of the tongue that are 
concerned with this sensation. 

The chewing of food involves considerable muscular exertion, due to 
the great number of motions of the jaws that are required. For example,' 
it is estimated that in the case of a dairy cow there are about 41,000 jaw 
movements a day in chewing.^ 

42. Rumination. — Ruminants chew their food, while eating, only 
enough to moisten it, if dry, and form it into masses of suitable size to be 
swallowed. These masses, or boluses, pass into the forward part of the 
paunch through the slit, called the esophageal groove, which opens into 
the paunch and the honeycomb. 
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The boluses of hay and other coarse dry forage are not saturated with 
saliva when swallowed, so they are light and do not sink into the fluid 
contents of the paunch at flrst. They are carried to the rear of the 
paunch by regular movements of the muscular walls, gradually absorbing 
fluid, until they sink and mix with the other contents. In the lower part 
of the paunch there is a movement of the heavier food masses toward the 
front, where the paunch opens into the honeycomb. The movements of 
the paunch and the honeycomb gradually accomplish a very thorough 
mixing and softening of their contents. 

When a ruminant has satisfied its appetite, it seeks a quiet place, if 
possible, and proceeds to ruminate, or ‘‘chew its cud.^^ In New Hamp- 
shire tests, dairy cows fed in the stable spent an average of about 6 hours 
a day in eating and 8 hours in rumination.^ 

In the process of rumination a mass of solid food, along with liquid, 
is carried from the honeycomb and rumen into the esophagus.® The mass 
is then forced up the esophagus to the mouth, the liquid portion is quickly 
swallowed, and the solid part is thoroughly chewed, after which it is 
again swallowed. It passes first into the paunch and then into the honey- 
comb, from which it enters the third and fourth compartments of the 
stomach through the connecting opening. 

It was formerly believed that finely ground concentrates and water 
might follow along the esophagus, past the esophageal groove, directly 
into the third and fourth compartments. However, this has been dis- 
proved in recent North Dakota and Illinois investigations.^ By means of 
skillful operations, openings or fistulas were made into the paunch, which 
healed, forming permanent entrances through which the movements of 
the stomachs could be studied. 

It was found that even water and ground concentrates passed 
through the esophageal groove into the honeycomb or the paunch. Only 
in the case of young calves consuming milk did the slit-like esophageal 
groove close firmly enough to prevent the milk from entering the paunch 
or the honeycomb, and instead let it flow directly into the third and 
fourth compartments of the stomach. 

In the case of cattle, if kernels of whole grain escape mastication 
when first eaten, they are brought up for rumination only if entangled 
in coarse fotage. Consequently, such kernels may pass through the en- 
tire digestiver tract in an unbroken condition. As is pointed out in later 
chapters, there may therefore be considerable saving of feed through 
grinding grain for dairy cows and also for fattening cattle. On the other 
hand, sheep chew their grain very thoroughly, and hence it does not pay 
to grind most kinds of grain for them. 

43. Digestion and absorption of carbohydrates. — To fix in mind 
the most important facts concerning the digestion and absorption of food, 
a very condensed summary is first given for each class of nutrients. For 
those who desire further information, there are later presented in smaller 
type more detailed statements concerning the functions of the various 
organs and the changes which take place in the different parts of the 
digestive tract. 

Carbohydrate digestion begins in the mouth with those animals whose 
saliva contains ptyalin, the starch-digesting enzyme. The pig, however, 
is the only one of the larger farm animals whose saliva has any appreci- 




Internal Organs of Mare; Left View 
The organs of greater interest are as follows: L, I^eft lobe of liver; Ma, stom- 
ach, the posterior part of which is indicatc'd by dotted lino, x; Mi, spleen; 1 N, 
h^ft kidney, concealed part of which is indicated by dotted lino, n; M, small 
colon; D, small intestine, parts of which have been removed; l.d.c., l.v.c., v.d., 
and v.q., parts of colon; O, left ovary; U, horn of uterus; M, rectum; V, vagina; 
H, bladder; a, a', b, b', b", c, d, and e, heart and arteries entering it. (From Sis- 
son, “Anatomy of the Domestic Animals.”) 



Diagram of Digestive System of Pig; Right Side 

The pancreas and duodenum are not in contact with the flank, as would be in- 
ferred from this figure, but are situated nearer the center of the body, and if viewed 
from the right side, would be covered by the small intestine. (From Sisson, “ Anat- 
omy of the Domestic Animals.”) 




Thoracic and Front Abdominal Orcjans ok Ox 
Most of file runioii luis been romov('(l, and the left wall of the retic viluiu eiil away. 
A, Left pulmonary aH-(‘ry ; B, l(‘ft bronchus; V, V, V, pulmonary vi'ies; L g, lymph 
gland; D, end of duodenum; F, fold between rumen and reticulum. (From Sisson, 
“Anatomy of the Domestic Animals.’’) 



Diagram of the Digestive Tract of the Cow 
A, Salivary glands; b, gullet; c, paunch, or first stomach (only a small part of the 
paunch is here visible, the rear portion being hidden by the intestines) ; d, honey- 
comb, or second stomach ; e, many plies, or third stomach ; f , fourth, or true stomach ; 
g, duodenum, or first part of small intestine; h, mesenteric part of small intestine; 
i, caecum; j, colon; k, rectum; 1, point of entrance of bile duct into duodenum; m, 
point of entrance of pancreatic duct into duodenum. The intestines are spread out 
somewhat in this diatrram. 
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able starch-digesting power, and this is relatively weak. For example, 
the saliva of man is over 100 times as rich in ptyalin as that of the pig^ 

Ptyalin changes starch into malt sugar, as has been previously ex- 
plained in this chapter. Even in the case of man or the pig, the amount 
of digestion in the mouth itself is small, due to the short time the food is 
there. It is therefore fortunate that the action continues in the first part 
of the stomach. Salivary digestion ceases when the food becomes acid in 
the rear portion. Simple, glucose-like sugars may be absorbed directly 
from the stomach in small amounts, but nearly all the carbohydrates are 
carried on into the small intestine. 

In the small intestine the starch which has escaped being acted upon 
by the saliva is changed into malt sugar by amylase, an enzyme in the 
pancreatic juice. The compound cane, malt, and milk sugars are then 
split into simple glucose-like sugars by the action of the invertases, which 
are enzymes in the intestinal juice. The simple sugars are absorbed 
through the walls of the small intestine, and, entering the capillaries, 
pass into the veins and thence, by way of the portal vein, to the liver. 

Thus, when a human eats bread, or an animal consumes hay or com, 
the starch in the food must all be changed to glucose before it can enter 
the body proper. Similarly, the compound sugars in the food are con- 
verted almost completely into simple sugars, though insignificant amounts 
of the compound sugars may possibly be absorbed unchanged from the 
digestive organs. If any unchanged compound sugar is absorbed into 
the blood from the intestines, it is largely excreted in the urine, without 
being used in the body. 

44. Formation of glycogen. — The amount of glucose in the blood 
of the general circulation is kept nearly constant, being about 0.1 per 
cent, or one part in a thousand, in the larger farm animals. However, 
the iDlood in the portal vein, which carries the blood from the intestines 
to the liver, may contain twice the normal content of glucose after a meal 
rich in carbohydrates. Also, it may contain smaller amounts of the other 
simple sugars. 

In the liver the sugars are largely withdrawn from the blood and 
temporarily stored in this organ in the form of glycogen. This is a car- 
bohydrate that is closely related to starch and is therefore often called 
animal starch. Normally, from 3 to 7 per cent of the weight of the liver 
is glycogen. 

As the glucose is removed from the blood for the nourishment of 
the body tissues, the glycogen is gradually changed back to glucose, 
which is then doled out to the blood to keep its glucose content con- 
stant. The liver also has the ability to change the other simple sugars 
into glucose, and this is the only sugar that occurs in appreciable 
amounts in the general blood circulation. 

Glycogen is also formed to some extent by the other tissues of 
the body, especially by the muscles. When the muscles are at rest, a 
reserve of energy is built up in the form of glycogen. This is used in 
the production of muscular work, as is described in Chapter VIII. 

46. Digestion of cellulose and pentosans. — No enzymes produced 
by the digestive tract are able to digest cellulose and pentosans, which 
form the cell walls of plant structures and make up a large part of all 
roughages. However, these substances are attacked by bacteria in the 
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first three compartments of the stomachs of ruminants, in the csecum 
and colon of the horse, and to a lesser extent in the large intestine of 
other animals. These bacteria break down the cellulose and pentosans 
into organic acids (chiefly acetic acid and butyric acid) and possibly 
into simple sugars, such as glucose. In this process gases (principally 
carbon dioxide and methane) are formed and h^at is produced. The 
organic acids serve as food to the animal, the same as sugars, but the 
gases are of no value. The heat produced is an entire waste, unless 
the animal needs this heat to maintain its normal body temperature. 

The ability of livestock to use the fiber and pentosans in their 
feeds depends chiefly on this bacterial digestion. This action is there- 
fore of great importance in the nutrition of cattle and sheep, and is 
the fundamental reason why they can live chiefly on roughage. Not 
only are the cell walls thus utilized for food, but also this digestion 
sets free the nutrients contained inside the cells, so they can be more 
easily acted on by the digestive juices in the true stomach and in the 
intestines. 

Not only do the bacteria digest cellulose and pentosans, but also 
they may attack starch and sugar. This action is detrimental, for these 
nutrients would be digested more efiSciently later on in the small intes- 
tine, while in the bacterial digestion an appreciable part of their feeding 
value is lost through the heat and gases produced in the fermentations. 
When fresh, easily-fermented forage, such as green alfalfa or clover, is 
eaten, the bacterial action may be so great that gas is produced faster 
than it can be carried away, and ‘ ‘ bloat results. 

The fact that practically no ptyalin is present in the saliva of 
cattle and sheep is advantageous to them. If their saliva converted starch 
into sugar, much sugar would be formed in the paunch. This would 
then be attacked by bacteria, with a resultant loss of nutrients. 

In addition to the digestion in the paunch caused by bacteria, more 
or less is undoubtedly produced by the enzymes contained in some foods, 
such as the cereal grains, for the moisture and warmth of the paunch 
are favorable to enzyme action in general. Also certain protozoa (micro- 
organisms larger in size than bacteria) thrive in the food mass in the 
paunch and apparently aid in the digestive processes. 

46. Digestion and absorption of protein. — The proteins of the food 
are first attacked in the stomach by pepsin, an enzyme of the gastric 
juice, which splits them into proteoses and peptones. These are soluble 
and simpler in composition than the proteins, but are still very complex 
in structure. The proteoses and peptones, together with any protein 
that escapes action by pepsin, pass into the small intestine. There 
trypsin, an enzyme in the pancreatic juice, not only cleaves the undi- 
gested protein into proteoses and peptones, but also digests them further, 
splitting them into amino acids, which are much simpler than the pro- 
teoses and peptones. 

Erepsin, an enzyme in the intestinal juice, also acts on the proteoses 
and peptones and breaks them down into amino acids. Thus, through 
the action of trypsin and erepsin all the protein which can be digested 
is cleaved into amino acids. In this digestion of complex proteins into 
the much simpler amino acids, a large amount of water is taken up 
chemically and enters into combination with the digestion products. 
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The amino acids are soluble in the juices of the small intestine and 
are readily absorbed by the villi of the intestinal walls. They then 
pass into the blood and are carried into the general circulation. Prom 
the blood, each of the parts of the body — muscles, internal organs, etc. — 
absorbs a certain amount to be used for repair or in growth. The amino 
acids are the nitrogenous units that are used in the repair and forma- 
tion of body tissues. 

The digestion of the amids in general resembles that of the true 
proteins. In the previous chapter it has been pointed out that the amids 
include those nitrogenous substances which are more simple in compo- 
sition than the true proteins. In many instances, such as in corn silage, 
the amids in feeds are similar in nature to some of the intermediate 
products of protein digestion in the animal body. 

In the case of suckling animals or others consuming milk, rennin,. 
an enzyme that is produced by the glands in the stomach, is of impor- 
tance. This curdles milk, changing it from a liquid to a solid condition, 
so that it cannot pass too rapidly through the stomach and thus escape 
complete digestion. 

47. Digestion and absorption of fats. — The fats of foods undergo 
no appreciable digestion until they reach the small intestine. Here, 
through the aid of the bile salts produced by the liver, the fat is emulsi- 
fied, or broken up into very small droplets. The lipase of the pancreatic 
juice then splits the fats into fatty acids and glycerin. The fatty acids 
thus produced unite to some extent with the alkalies in the digestive 
fluids to form soaps. These soaps and the glycerin are absorbed by the 
villi of the intestines. Some of the fatty acids may also be dissolved 
by the action of the bile and be absorbed in this form. 

The soaps or the fatty acids then react with the glycerin in the intes- 
tinal wall to form fats again. The fats largely enter the laeteals in the 
villi of the intestinal wall, forming with the lymph a milky-appearing 
fluid called chyle. This is carried by the lymphatics and poured into 
a vein near the heart, thus entering the blood circulation. 

48. Mineral nutrients ; vitamins ; water. — That part of the mineral 
matter in feeds which is not already soluble is dissolved to a greater or 
less extent by the hydrochloric acid of the gastric juice. Further freeing 
of the mineral nutrients occurs as the organic nutrients are digested 
by the several enzymes. Minerals are absorbed chiefly from the small 
intestine. Sulfur and phosphorus, which occur in feeds largely as a 
part of proteins, arc digested in the changes which these nutrients 
undergo. 

Little is known about the manner in which the vitamins are digested 
and absorbed, on account of the very small quantities of these essential 
substances that occur in feeds. 

Water requires no digestion and is absorbed along the digestive 
tract, from the stomach to the large intestine, but chiefly in the small 
intestine. 

49. Disposal of undigested food. — As the intestinal contents pass 
through the latter part of the large intestine, some of the water is^ 
absorbed, and a more or less solid residue accumulates in the rectum. 
This is voided as the feces. With farm animals these are chiefly undi- 
gested food that has never really been within the body proper. This 
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^lndigested food is mostly cellulose, or crude fiber, which has escaped 
bacterial action. Also a portion of the other nutrients usually escapes 
digestion. This may be due to insufficient chewing of such food as 
seeds, or because some nutrients are protected from the digestive juices 
through being enclosed in resistant cell walls of cellulose. 

In addition to undigested food the feces also contain such excretory 
products as residues from the bile and other digestive fluids, waste 
mineral matter, worn-out cells from the intestinal lining, mucus, and 
bacteria. They may also contain such foreign matter as dirt consumed 
along with the food. In the case of humans and of such animals as 
dogs and cats, the greater part of the feces consists of excretory products, 
rather than undigested food. 

60 . Digestion in the mouth. — For those desiring detailed information on the 
steps in digestion that occur in each part of the digestive tract, the following sum- 
maries are presented. 

The food is prepared for swallowing in the mouth. Also carbohydrate digestion 
begins here in the case of the animals whose saliva contains ptyalin, the enzyme that 
breaks starch down into maltose, or malt sugar. As has been pointed out previously, 
the pig is the only one of the larger farm animals whose saliva has any appreciable 
starch-digesting power, and this is small in comparison with that of man. Insignifi- 
cant amounts of other enzymes than ptyalin may be secreted in the mouth.' 

61^ Digestion in the stomach. — With such animals as the horse and pig, which 
have simple stomachs, the food passes directly from the mouth through the esophagus 
to the stomach. Here it remains in a more or less compact mass in the first part of 
the stomach for a time. 

The glands in the walls of the middle and rear parts of the stomach secrete 
the digestive fluid called gastric juice. This contains the enzyme pepsin and may 
also contain renniUj a second enzyme. In addition, it has from Jess than 0.1 per 
cent up to about 0.5 per cent of hydrochloric acid, depending on the species of 
animal. 

The gastric juice can penetrate the mass of food in the first part of the stomach 
only slowly. Therefore, in the case of the pig and other animals whose saliva 
contains ptyalin, the digestion of starch continues in this part of the stomach for a 
time. When the gastric juice makes its way into the mass of food, the action of 
the ptyalin is stopped, due to the acidity. The action of the pepsin of the gastric 
juice now proceeds. 

Pepsin, which acts only in weak acid solutions, converts the very complex proteins 
into soluble and more simple, though still complex, products known as proteoses and 
peptones. 

Bennin, another enzyme of the gastric juice, changes milk into a solid curd. 
Were it not for this, milk would pass too quickly into the small intestine, before its 
proteins had been acted upon by pepsin. Rennin may not be present in the gastric 
juice of mature animals that are not being fed milk or milk by-products. Traces 
of other enzymes, including a fat-digesting enzyme, are secreted by the stomach in 
the case of certain animals. 

As the gastric juice penetrates the mass of food, it slowly softens, digests, and 
liquefies the outside portions. Contractions of the stomach walls start at the middle 
portion and pass in waves, following one another, toward the rear end. These squeeze 
off some of the softened parts of the mass, thoroughly mix it with the gastric juice, 
Bnd carry it toward the rear. 

At first, when a wave of contraction reaches the end of the stomach, the pylorus, 
the ring of muscles which keeps the stomach shut off from the small intestine, does 
not open. Therefore, the wave of contraction is reflected back toward the first part 
of the stomach, mixing the contents more thoroughly. When digestion has progressed 
enffieientlyi every time a wave of contraction reaches the pylorus, the latter relaxes 
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and allows a small quantity of the semi-fluid contents to spurt through into the 
small intestine. After this the pylorus closes, and the process is many times repeated^ 
growing more vigorous as the acidity of the partly-digested food increases. 

If too large a mass of solid food is carried along to the pylorus, it closes and 
does not let it pass. By these processes the contents of the stomach are gradually^ 
converted into a semi-liquid and liquid mixture, and forced out into the small intes- 
tine. In the case of herbivora, the stomach does not completely empty itself between 
meals. 

In addition to making the stomach contents acid so that pepsin can act, the 
hydrochloric acid has another exceedingly important function in killing most of the 
bacteria present in the food. On account of the acidity of the contents of the latter 
part of the stomach, not only is bacterial action checked, but hosts of bacteria are 
actually killed. This aids in preventing undesirable putrefactions and fermentations 
which would otherwise occur. 

62. Stomach digestion of ruminants. — Though the first three compartments of 
the stomachs of ruminants secrete no enzymes, but only water, they are highly impor- 
tant in digestion. The nutrients of plants are enclosed within the cellulose cell walls, 
and where these are hard and thick, as in hay and straw, the digestive fluids can not 
easily reach and attack the nutrients locked within. As we have seen, when rumi- 
nants swallow solid food, it passes chiefly into the paunch. Here it is softened by 
the moisture and slowly but thoroughly mixed and kneaded by muscular contractions» 
All this prepares the food for easy digestion further on. 

A considerable amount of actual digestion also occurs in these compartments,^ 
especially in the paunch, through the action of certain bacteria. These attack the 
cellulose and pentosans of the feed and break them down into organic acids, chiefly 
acetic acid and butyric acid, and possibly into glucose and other sugars. In this 
bacterial action gases are produced, chiefly carbon dioxide and methane, and con- 
siderable heat is generated. The acids serve as food, the same as do the sugars, but 
the gases are useless and are excreted. The heat may serve a useful purpose under 
certain conditions, in keeping the body warm. 

This digestive action is highly important, for a large part of hay and other 
roughages consists of cellulose and pentosans, and Nature has provided no enzymes 
of the digestive tract which are able to digest these compounds. The ability of the 
animal to use them as food therefore depends on the fermentations caused by these 
bacteria. In this action the cell walls of the plant materials are broken down, setting 
free the nutrients contained within, so they can be more easily acted on by the 
digestive juices in the true stomach and in the intestines. 

63. The small intestine. — When received into the small intestine, the partially- 
digested food is a semi-liquid mass. As yet, the fats have not been digested appre- 
ciably, and the digestion of the proteins and carbohydrates is far from complete. 
Here the work of digestion proceeds even more vigorously than in the stomach, all 
classes of nutrients being attacked. The small intestine receives near its upper 
part digestive fluids from two outside organs, the liver and the pancreas, and another 
digestive juice is secreted by the wall of the intestine itself. 

The partly-digested food entering from the stomach is gradually changed from 
an add to an alkaline or neutral character by action of the pancreatic juice, the 
intestinal juice, and the bile, which are alkaline. The action of pepsin continues 
until the contents become sufficiently alkaline to check it. 

The contents of the intestine are mixed and gradually moved along by various 
contractions of the walls. 

64. The pancreatic Juice. — The pancreatic juice is produced by the pancreas, 
or sweetbread, a slender gland lying just beyond the stomach and connected with 
the small intestine by a duct or by two ducts in certain animals, as the horse. Its 
chief enzymes are trypsin, amylase, and lipase. 

Trypsin, like pepsin, changes protein into proteoses and peptones, but is also 
able to split some of these partially-digested substances into amino acids. The 
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digestion of protein brought about by trypsin in the small intestine is thus much 
more complete than that occurring in the stomach through the action of pepsin. 
It is interesting that trypsin is secreted by the pancreas in an inactive form, which 
will not digest protein until it is activated by a substance contained in the intestinal 
juice. 

Amylase changes starch into malt sugar. 

Lipase splits fats into fatty acids and glycerin. The action of lipase is greatly 
increased by certain compounds in the bile, which aid in emulsifying the fat, or 
breaking it up into very small droplets, and also in dissolving the products of fat 
digestion. The fatty acids unite with the alkalies of the digestive fluids in the 
intestine to form soaps, and they are largely absorbed from the intestine in this form. 
Some of the fatty acids may be dissolved by the action of the bile, and the fatty 
acids and glycerin absorbed as such. 

Ordinarily, when digestion is not going on in the small intestine, there is no 
secretion by the pancreas. However, the secretion of this digestive fluid begins 
promptly after the partially-digested food enters the small intestine from the stomach. 
It has been found that this is due to a substance called “secretin,” which is produced 
or liberated in the lining of the small intestine when the acid, partially-digested food 
mixture comes in pontact with it. The secretin is absorbed into the blood and is 
carried to the pancreas, and at once the pancreatic juice is poured forth just when 
needed. Secretin is one of the hormones, or chemical messengers, of the body, which 
aid in controlling its activities in a marvelous manneK 

66. The liver. — The liver, which is the largest gland in the body, has several 
important functions in addition to the secretion of bile. As has previously been 
explained, it regulates the glucose content of the blood through the formation of 
glycogen and its change back into glucose, as needed by the body. It splits off nitro- 
gen in the form of ammonia from waste amino acids and converts it into urea and 
other excretory products. It protects the body against various poisonous substances, 
formed in the digestive tract through putrefaction, by changing them into non-poison- 
ous compounds. In addition, the liver is an important agent in the destruction of 
worn-out red blood cells and in the use of fat for fuel in the body. 

Bile is a greenish or golden-colored fluid, extremely bitter in taste, and usually 
alkaline. In cattle, sheep, and swine the bile, as secreted, is stored in the gall bladder, 
whence it is poured through a duct into the intestine. The horse has no gall bladder, 
the bile passing directly into the intestine as it is secreted. 

Bile contains no significant amounts of enzymes, but is nevertheless exceedingly 
important in the digestion of fat, as has been pointed out before. After performing 
its functions, the bile is not wholly excreted in the feces, but is in part taken up 
by the circulation and utilized again. 

In addition to its action on fats, bile stimulates the action of the pancreatic and 
intestinal juices. It aids in the passage of food through the intestine by increasing 
the muscular contractions of the walls, and it also checks putrefaction. Furthermore, 
waste products which would be harmful if retained in the body, are excreted in 
the bile. 

66. The Intestinal secretion. — The intestinal secretion, which is produced by 
the small glands in the lining of the small intestine, contains several enzymes, the 
most important of which are erepsin and the invertases. 

Erepsin, an enzyme of great digestive power, attacks the proteoses and peptones 
which have escaped the action of trypsin and breaks them up into amino acids. 
It c^an not act on protein that has not already been split into proteoses and peptones. 

The invertases (sucrase, maltase, and lactase) change cane sugar, malt sugar, 
and milk sugar into the simple glucose-like sugars. 

Through various contractions and movements of the small intestine, the contents 
are thoroughly mixed with the digestive juices, and the digestion is therefore very 
complete. Most of the digested nutrients are absorbed from tha small intestine before 
reaching the large intestine. For example, in humans it is estimated that at least 
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three-fourths of the food nutrients and a similar proportion of the water are absorbed 
before reaching the large intestine. 

Movements of the villi aid greatly in the process of absorption. By means of 
muscular fibers in the walls of each villus, it is able to expand and contract, thus 
taking up nutrients like a sponge. The villi also have a lashing movement, which 
aids in mixing the intestinal contents. 

67. The large intestine. — From the small intestine the undigested matter passes 
into the large intestine. Little, if any, digestive fluid is produced here, but a small 
amount of digestion may go on, owing to the digestive enz3Tncs which are carried 
in from the small intestine and to the action of bacteria. The absorption of digested 
nutrients is completed in the large intestine. 

As stated previously, most of the bacteria in the food are killed in the stomach 
by the acid of the gastric juice. Therefore, under normal conditions there is little 
bacterial action in the true stomach and in the small intestine. In the large intes- 
tine, where the contents remain longer, the bacteria which are still alive multiply 
tremendously in number, especially certain forms which thrive in the absence of air. 
Normally, this bacterial action is not harmful, unless the animal becomes constipated 
and the food residues remain unduly long in the large intestine. Substances which 
are injurious may then be formed, chiefly through putrefaction of proteins. 

Some action by bacteria on the cellulose and pentosans of the food occurs in 
the large intestine, similar to that which takes place in the paunch of ruminants. 

68. Special provision for the horse. — The horse, though eating much roughage 
like the cow, has a small stomach and no paunch for specially preparing such food 
for digestion. In partial compensation, the caecum and colon of the large intestine 
are greatly enlarged, as has been previously pointed out. 

The incompletely-digested matter from the small intestine, together with the 
enzymes mixed with it, pass into the csecum and colon. Here the enzyme action con- 
tinues, and the cellulose and pentosans of the feed are also attacked and digested by 
bacteria, as in the paunch of ruminants. Due to this, the horse is able to digest 
such feeds as hay and straw fairly well, though less completely than do cattle and 
sheep. The cs&cum of other farm animals is relatively small and unimportant in 
digestion. 


II. Use of Nutrients in the Body 

59. Metabolism, or use of nutrients. — Chemists and physiologists 
have, through painstaking research, been able to gain much information 
on the various steps in the digestion of food. When the nutrients leave 
the digestive tract and enter the body, the difficulties of learning what 
becomes of them are much greater. Though many of the changes that 
occur in the body have been revealed, only a little of a definite nature 
is yet known concerning other processes. 

All the changes which take place in the food nutrients after they 
are absorbed from the digestive tract, are included under the term metab- 
olism. These changes include not only the building-up processes in 
which the absorbed nutrients are used in the formation or repair of body 
tissues, but also the breaking-down processes in which nutrients are oxi- 
dized for the production of heat and work. 

60. Distribution of absorbed nutrients. — We have seen that the 
sugars, the amino acids, and the soluble mineral nutrients, resulting from 
the digestion of the food^ are absorbed by the capillaries in the mucous 
membrane lining the intestines, and thus enter the blood stream. These 
nutrients are first carried in the portal vein to the liver and then to the 
heart, from whence they are transported to all parts of the body. Most 
of the digested fat passes first into the lymphatics and then into the 
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blood, though some may go at once into the capillaries in the villi of the 
small intestine. 

The blood, containing the absorbed nutrients, finally reaches the ca- 
pillaries which permeate all the body tissues. The capillaries are so con- 
structed that the nutrients in the blood can go through their walls into 
the lymph that surrounds the body cells. The nutrients then pass into 
the cells, thus providing nourishment and energy for the various life 
processes. 

61. Functions of the various nutrients. — The nutrients thus brought 
to all the tissues of the body may be used for several purposes. First 
come the maintenance needs for the preservation of life. These are 
discussed in detail in Chapter V. To maintain the body, the daily break- 
down of the protein tissues must be replaced by the amino acids resulting 
from the digestion of the protein of the food. Also, some of the nutrients 
must be oxidized to provide heat for maintaining the body temperature 
and to furnish energy for the various necessary movements of the body. 

In case more nutrients are supplied than are needed for mere main- 
tenance, the excess nutrients can be transformed into new body tissue, 
as in growing or fattening animals; they can be changed into milk, as 
in the case of dairy cows ; or they can be used for the production of work, 
as in the case of work horses and mules. The uses of the nutrients for 
these purposes are discussed in detail in Chapters VII and VIII. 

The sugars serve as sources of heat and muscular energy and also- 
as the chief source of the milk sugar in milk. They can also be trans- 
formed into body fat. The fats, like the sugars, can furnish heat and 
energy, and they can possibly also be changed indirectly to glucose, 
if necessary. 

If there is a greater supply of amino acids than is needed for body 
repair or the building of new protein tissues, the excess is deaminized 
in the liver. In this process the nitrogen (in the form of ammonia) is 
split off from the amino acid molecules and converted, in the case of 
mammals, chiefly into urea. This and similar nitrogenous waste prod- 
ucts are then excreted by the kidneys into the urine. The nitrogen is 
therefore entirely wasted in this process. The non-nitrogenous parts of 
the amino acids that remain can, however, be used in the body for the 
same purposes as the sugars ; i.e., for the production of heat and energy,, 
or even for the formation of body fat. 

Even when the supply of protein in the food is scanty, a consider- 
able wastage of protein unavoidably occurs for some unlmown reason, 
through the deaminization of amino acids in the liver. Therefore, as is 
explained in Chapter V, more protein must be supplied in maintenance 
rations than is theoretically needed to replace the daily breakdown of 
the protein tissues of the body. 

It has been previously pointed out that most of the changes in the 
digestion of food are brought about by enzymes. It is now believed 
that most other body processes, both the building-up processes and the 
tearing-down processes, are likewise brought about through enzyme 
action. 

62, Oxidation of nutrients in the body. — Nutrients are constantly 
being oxidized in the body tissues to provide the energy for all muscular 
movements and also to furnish heat for maintaining the body tempera- 



Caecum of Horse 

The entrance of the small intestine is designated (I). The opening of the caecum 
into the large intestine is hidden from view. (From Sisson, “Anatomy of the Domes- 
tic Animals.’^ 



Longitudinal Section of Stomach of the Horse 
A, (Esophagus, or gullet; b, oesophageal region of stomach, in which no gastric 
juice is secreted; c, entrance of gullet; d, left extremity of stomach; e, boundary 
between oesophageal region and portion of stomach secreting gastric juice ; f , g, 
fundus gland region and pyloric gland region, in which gastric juice is secreted; 
h, pylorus, or ring of muscles closing the stomach; i, entrance of pancreatic and bile 
ducts. (From Sisson, “Anatomy of the Domestic Animals/’) 



Left and Center — The Principle of the Structure of Glands 

Ijeft. -A v(‘.rti(!al scHjtion of a simple mieros(;opie gland. The colls arc seen io 
surround a recess, into whicli they discharge their s(‘(!rel ion. 

Center. — The same structure with the en(;ircling blood-vessels. (From Stiles, 
“Nutritional Physiology.”) 

Right— Villi of the Small Intestine 
A, lining cells of intestine; b, net work of capillaries; c, lacteals. 

For the sake of simplicity the mu.scle fibers in the villi are not shown in this dia- 
gram. (After Cadiai.) 



Diagrammatic Representation of the Two Paths of 
Absorption 

V, Veins from the small intestine, which unite to form the portal vein, P. V.; 
II. V., hepatic vein, passing from the liver to the posterior vena cava, P. V. ; 
L, lacteals, which join an<l drain into the mesenteric lymph glands, M, and then 
pass to the lymph receptacle (receptaculum chyli), R. C. ; L. J. V., left jugular 
vein; R. J. V,, right jugular vein; B. V., brachial vein; A. V. C., anterior vena 
cava. (From Hadley, “Principles of Veterinary Science.”) 
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ture. These oxidations are produced in the tissues in the following 
manner : 

In the lungs the blood is brought into close contact, inside the thin- 
walled capillaries, with oxygen in the air that is breathed into the lungs. 
The oxygen is absorbed by the hemoglobin in the red blood cells, and 
is held in loose combination. The blood, transporting this oxygen, then 
passes back to the heart and is carried by the arteries to all the tissues 
of the body. As the oxygen-laden blood permeates the capillaries, it 
gives up oxygen to the body cells. 

Many investigations have been conducted by physiologists to deter- 
mine, if possible, the exact changes that occur in the oxidation of the 
various nutrients in the body. Considerable interesting information has 
been gained, and various theories have been advanced concerning the 
steps that occur. For a discussion of these theories the reader is referred 
to texts on physiology or biochemistry. 

For our purposes it is sufficient to state that by intricate processes 
the carbohydrates, fats, and other nutrients can be oxidized in the tis- 
sues to produce energy and heat. In these changes the carbohydrates and 
fats are eventually oxidized completely to carbon dioxide and water. 
The carbon dioxide is absorbed by the blood and carried in the veins to 
the heart, and thence to the lungs. Here it passes off into the air in 
the lungs and is exhaled, the blood then becoming again charged with 
oxygen, before it flows back to the various parts of the body. 

The discovery made in 1921 that insulin, a hormone produced by 
the pancreas, is necessary for the oxidation of glucose in the body, has 
been of untold benefit to humans suffering from diabetes. Without an 
adequate supply of insulin, which is carried from the pancreas to all 
parts of the body in the blood, glucose can not be utilized, but is excreted 
unchanged in the urine. 

In diabetes there is a lack of insulin, and hence the body is unable 
to utilize carbohydrates, with resulting serious consequences. By means 
of hypodermic injections of a carefully purified and standardized solu- 
tion of insulin, relief is brought to a patient affected with the disease, 
for the body can then utilize glucose normally. 

63. Hormones, or internal secretions. — Physiologists have found by 
extensive investigations that many of the body processes are controlled 
and regulated by substances called hormones, or internal secretions. 
These are produced by the glands of internal secretion, also called the 
endocrine glands, or the ductless glands. 

The secretions of these glands are discharged directly into the blood, 
or indirectly into the blood by way of the lymph, and are not poured 
out through a duct, as in the case of the bile and the pancreatic juice. 
This is the reason why they are referred to as the ductless glands. The 
hormones are carried in the blood to the parts of the body where they 
perform their functions. 

The effect of insulin, a hormone produced by the pancreas, has been 
mentioned in the previous paragraphs. A hormone, called secretin, which 
is produced by the lining of the small intestine, is important in the 
digestion of food. As soon as the acid, partly-digested food passes from 
the stomach into the small intestine, the acidity causes ^e mucous mem- 
brane of the small intestine to form secretin. This is absorbed by the 
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blood and carried to the pancreas, where it causes this gland to pour 
out the pancreatic juice just when it is needed. 

Among the other important glands of internal secretion are the 
thyroid gland, the parathyroid glands, the pituitary body, the adrenal 
glands, and the sex glands. All of these perform essential functions. 

The thyroid gland, located in the neck, produces thyroxine, a hor- 
mone that regulates the rate of body metabolism. This hormone has 
been separated in pure form and found to be an iodine-containing amino 
acid. As is pointed out in Chapter VI, when there is insufficient iodine 
in the food, the gland enlarges in a desperate effort to manufacture 
enough thyroxine, and the disease called goiter results. 

The parathyroid glands are very small glands, usually located close 
to the thyroid gland or imbedded in it. They secrete a hormone called 
parathormone, which regulates the calcium metabolism of the body and 
controls the concentration of this mineral in the blood. If for any reason 
the calcium content of the blood is too low, convulsions or paralysis may 
be caused, as in ipilk fever of dairy cows. 

The pituitary body, or hypophysis, a small gland at the base of the 
brain, has several essential functions. A hormone produced by the 
anterior, or forward, part of the gland controls the growth and develop- 
ment of animals and therefore determines the mature body size. If the 
gland is too active, the body may be of giant size, and on the other hand 
an insufficiency of the hormone will dwarf the size. 

As is explained in Chapter VIII, this part of the gland also produces 
a hormone that is necessary to start milk secretion in the female. It is 
also believed to be concerned with the activity of the thyroid gland. 
The posterior, or rear, portion of the gland secretes a hormone that stim- 
ulates the contraction of the smooth, or involuntary, muscles. 

The adrenal glands, or suprarenals, which are small glands located 
on top of the kidneys, produce two hormones. One of these, called 
adrenalin, helps to keep the glucose content of the blood constant by 
regulating the rate at which glycogen is changed into glucose. It like- 
wise aids in controlling blood pressure. The other is in some manner 
essential for life. 

The sex glands secrete hormones that have important functions. 
Thus, as is explained in Chapter VIII, hormones produced by the ovaries 
are necessary for the growth and development of the mammary glands 
and for the secretion of milk. 

64. Disposal of body waste. — ^It has been pointed out previously 
that the undigested portions of the food are voided as feces, along with 
the residues from the digestive juices, worn-out cells from the mucous 
membrane lining the digestive tract, bile salts and other excretory prod- 
ucts, and bacteria. 

Nearly all of the nitrogenous waste, representing the breaking-down 
of protein material in the body, is excreted in the urine through the 
kidneys, though a trace is given off in the sweat and a more appreciable 
amount in the feces. In mammals this waste chiefly takes the form 
of urea. 

A great variety of other end-products of metabolism are likewise 
eliminated by the kidneys through the urine. Most of the mineral matter, 
such as common salt, is excreted in large part or principally in the urine. 
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However, calcium, magnesium, iron, and phosphorus are voided chiefly 
in the feces. Small amounts of most of the substances eliminated in 
the urine are also excreted by the skin through the sweat glands. 

A large amount of carbon dioxide is formed in the oxidation of the 
nutrients within the body for the production of heat and energy. Most 
of this passes into the capillaries and is carried in the blood by the veins 
to the lungs, where it is eliminated in breathing. A portion, however, 
escapes by way of the skin. Some of the methane produced by fermenta- 
tions in the stomach of herbivora is absorbed into the blood and thrown 
out by the lungs. 

65. Importance of quiet, kindness, and regularity. — Farm animals 
are creatures of habit, and when once accustomed to a routine of living, 
show unrest at any decided change. The stable or feed lot should there- 
fore be free from disturbance, and the administration of feed and water 
should be uniform in time and manner. The system of feeding and 
watering and the character of the rations should be changed gradually 
and only for good cause. 

Animals know when meal time has come and fret if feeding is 
delayed. Investigations with humans have shown that worry and excite- 
ment cause a definite decrease in the completeness with which foods are 
digested. It is reasonable to believe that the same is true in the case 
of farm animals. In any event, there is no question but that unusual 
disturbance and excitement may markedly reduce the gains of fattening 
animals, especially sheep, and cut down the milk production of dairy 
cows. 

66. Importance of palatability. — In closing this discussion of the 
digestion and use of food, it is well to emphasize the importance of pal- 
atability in animal nutrition and stock feeding. It is a matter of com- 
mon knowledge that the mere sight or smell of appetizing foods may 
start the flow of saliva in our mouths. At least in the case of some 
animals, such a stimulus also causes a flow of gastric juice. Though it 
is a disputed question, it seems possible that well-liked feeds are digested 
somewhat better than others which may be equally nutritious but less 
palatable. 

From an entirely different standpoint, however, palatability of feeds 
is of great importance in feeding animals for large production. Unless 
the ration is palatable, dairy cows, fattening cattle or sheep, and growing 
and fattening pigs will not consume sufficient feed to permit them to 
produce milk or meat efficiently. Therefore, feeds which are unpalatable 
should be used chiefly for stock not being fed for production. For exam- 
ple, idle horses can be wintered largely on straw or hay of rather inferior 
quality. Often by mixing a limited amount of an unpalatable feed with 
some well-liked ingredient stock may be induced to eat the entire mix- 
ture readily. 

Sometimes the failure of animals to continue to eat a normal amount 
of feed may indicate a serious nutritive deficiency. For example, if 
thrifty pigs are fed a ration made up of palatable feeds, but which is 
deficient in vitamin A or in certain minerals, they may eat normal 
amounts of food for a time and make satisfactory gains. Then, when the 
body reserves of the particular nutrient are exhausted, they will usually 
consume much less feed, due to an impairment of their health and a 
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cwisequent lack of appetite. Provided that the deficiency is not con- 
tinued so long that the pigs are injured permanently, they will usually 
recover their appetites, if some feed is added which supplies the nutritive 
lack and makes the ration complete. 

Familiarity and habit are important factors concerned with the pal- 
atability of feeds. Not infrequently, when corn silage is first placed 
before cows, after sniflSng it they will let it alone for a time. They then 
usually begin nibbling at it, and later eat it with great relish. In such 
cases, food that at first seems unpalatable finally becomes palatable. 
Sometimes animals which are used to yellow com will at first refuse white 
com, or vice versa. If they are used to whole grain, it may take them 
a little time to become accustomed to ground grain. 

Usually feeds that are palatable are safe and nutritious. However, 
in rare instances this may not be true. For example, sorghum which 
has been stunted by drought may contain sufficient prussic acid to kill 
stock in a few minutes, and yet it will be palatable and will be consumed 
with eagerness. As a rule, however, stock generally avoid poisonous 
plants instinctively and eat them only when impelled by hunger. 

QUESTIONS 

1. Define digestion. State the nature of the general mechanical and chemical 

changes produced in food during digestion. 

2. Define enzymes. Describe a typical enzyme action. 

3. Describe the digestive tract of cattle and compare it with that of pigs and of 

horses. 

4. State the essential facts concerning the circulation of the blood; of the lymph. 

5. Describe the villi of the small intestine. What is their function in digestion? 

6. Of what importance is thorough mastication of the food? 

7. Describe briefly the process of rumination. 

8. Describe the digestion and absorption of carbohydrates in non-ruminants. State 

the enzymes or agents concerned, the place where digestion takes place, the 
substances acted on, and the products formed. 

9. Discuss the formation and function of glycogen. 

10. Describe the digestion of cellulose and pentosans by ruminants and by horses. 

Follow the same outline as for carbohydrates, above. 

11. Describe the digestion and absorption of protein, following the same outline. 

12. Describe the digestion and absorption of fats, following the same outline. 

13. What can be said concerning the digestion of minerals? 

14. Describe the disposal of undigested food. 

15. Define metabolism, 

16. How are the absorbed nutrients distributed to the body tissues? 

17. What functions are performed by the absorbed sugars ; the fats ; the amino acids ? 

18. Describe the oxidation of nutrients in the body, 

19. What functions are performed by each of the following hormones: insulin; sec- 

retin; thyroxine; parathormone; the secretions of the pituitary body; the secre- 
tions of the adrenal glands? 

20. Describe the disposal of the various waste products from the body. 

21. Discuss the importance of quiet, kindness, and regularity in stock feeding. 

22. Of what importance is the palatability of feeds? 
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CHAPTER III 

MEASURING THE USEFULNESS OP FEEDS 

I. Determining the Relative Values of Feeds 

67. Methods of measuring the values of feeds.— In the computation 
of balanced rations for livestock, it is necessary to know the amounts of 
nutrients furnished by each of the available feeds. Also, in order to 
plan an efficient cropping system on a stock farm, one must have accu- 
rate data concerning the actual feeding value of the various crops that 
can be grown. 

The simplest method of measuring the usefulness of any feed is to 
determine the amounts of digestible nutrients it supplies. This method 
is therefore discussed first in this chapter. A method that is theoretically 
more accurate, but which is much more complicated and expensive, is to 
determine the amount of net energy furnished by the feed. The energy 
values are discussed later in the chapter. 

68. Determining nutritive values by feeding experiments. — Neither 
of these chemical methods, however, can take into consideration all the 
factors which determine the true value of any feed for a particular class 
of livestock. The only way in which this can be done is to conduct actual 
feeding experiments under practical conditions with that class of ani- 
mals. In such investigations the relative value of the feed in question 
can be determined, in comparison with that of a standard feeding stuff. 

To warrant definite conclusions, such experiments must be carefully 
planned and they must be conducted under controlled conditions and for 
a considerable period. Also, the trials must be repeated several times, 
because individual animals differ in their productive capacities and vari- 
ous lots of any feed may also differ in composition, as is emphasized in 
Chapter IV. 

The animal husbandry investigators in the American experiment sta- 
tions have fully appreciated the importance of such experiments. There- 
fore many hundreds of feeding trials have been carried on to determine 
the values of the various feeds and of specific rations for the different 
classes of stock. 

In the preparation of this volume, much time has been spent in 
compiling and studying the results of these investigations. This has been 
done in order to present accurate data concerning the actual nutritive 
worth, and therefore the real money value, of the many feeds which are 
available on our farms. A detailed study of all the data concerning each 
feed is necessary for safe conclusions, because the results of any one 
experiment may not provide a correct measure of the value of the ration 
or feed in question. 

69. Value of a feed for various animals may differ.— It is of great 
financial importance to stock farmers to have definite information readily 
available concerning the real value of the many important feeds for 
each class of animals. Therefore considerable space is devoted to such 
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data in the chapters of Part II and especially in Part III of this volume. 

In order to use the different feeds efficiently, one must have full 
knowledge about their particular merits and also concerning any defi- 
ciencies. Many feeds have a Very high value when fed in rations that 
are complete in all the nutritive essentials, but their value is exceedingly 
low when they are improperly used. For example, com grain is one of 
the best stock feeds, if it is combined with others that correct its defi- i 
ciencies in protein, minerals, and vitamins. However, it is of low value 
when fed with no regard for these lacks. 

Particular attention is therefore given in the later chapters to the 
individual characteristics of feeds that must be considered in order to 
use them effectively. Especial emphasis is placed on their content of 
vitamins and minerals and also on the quality of the protein that they 
provide. These factors may often be fully as important in stock feeding 
as the amounts of digestible nutrients or of energy that are supplied. 

The information presented later concerning the usefulness and value 
of the different feeding stuffs shows clearly that the actual worth of a 
particular feed for two classes of stock may differ widely. For example, 
a ton of good com silage is worth about 33 to 40 per cent as much as a 
ton of legume or mixed hay for dairy cows. Numerous experiments have 
shown definitely that for fattening cattle and lambs silage has an even 
higher value, being worth fully one-half as much per ton as good hay. 

Similarly, the relative value of barley, in comparison with that of 
com, differs for the various classes of stock. For dairy cows ground 
barley is about equal to ground com, pound for pound, but for fattening 
lambs and for swine its relative value is appreciably lower. Also, barley 
injured by the scab disease is satisfactory for cattle and sheep, but it is 
imsuited to horses and pigs. 

Another interesting example is the fact that cottonseed meal can 
safely be fed to cattle in large amounts, if plenty of vitamins and min- 
erals are provided. On the other hand, pigs should be fed only limited 
amomts of cottonseed meal, or disastrous results may follow. Again, 
uncooked field beans give satisfactory results when forming not too large 
a part of the ration for dairy cows and fattening lambs, but pigs do 
poorly on beans unless they are cooked. 

These are but a few examples of the manner in which the usefulness 
or value of a feed may be decidedly unlike for the several classes of 
stock. Such differences are not shown at all by determinations of the 
amounts of digestible nutrients or of the energy value of the feed. They 
can only be revealed by actual experiments with the particular kind of 
animal in question. 

II. DiGEsnBnE Nutrients in Feeds 

70. A digestion experiment.— The digestibility of a particular feed 
for any class of stock is determined by means of digestion experiments 
with that kind of animal. The chemist first determines by analysis the 
percentage of each* nutrient the feed contains. The animal is then fed 
weighed quantities of the feed for a preliminary period of a few days, 
in order that all residues of former food may pass from the alimentary 
-tract. 
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During the digestion experiment the same amounts each day of the 
feed are then given to the animal and the feces voided are collected and 
weighed, and samples are analyzed. The difference between the Amount 
of each nutrient fed and that found in the feces resulting therefrom 
represents the digested portion. 

To show the manner in which the digestibility of a feed is deter- 
mined, let us suppose that during a 10-day trial a cow was fed 20 lbs. of 
clover hay each day, containing the amounts of nutrients shown in the 
table. During this time she excreted, on the average, 47.3 lbs. of feces 
daily, containing the amounts of undigested protein, fiber, fat, and 
nitrogen-free extract shown in the table: 


Digestion trial with cow fed clover hay; average for 1 day 



Protein 

Fat 

Fiber 

N-freo 

extract 

Fed 20 lbs. hay, containing, lbs 

. . . . 2.6 

0.62 

5.1 

7.7 

Excreted 47.3 lbs. feces, containing, lbs 

.... 1.1 

0.28 

2.4 

2.6 

Digested, lbs 

.... 15 

0.34 

2.7 

5.1 

Per cent digested 

. . . . 57.7 

54.8 

52.9 

662 


Subtracting the amounts of the different nutrients in the feces from 
the amounts in the feed, we find the amounts digested. From this we 
compute the percentage of each which is digested. For example, there 
were 2.6 lbs. of protein in the 20 lbs. of hay the cow ate each day. 
Of this, 1.1 lbs. were excreted in the feces, leaving 1.5 lbs., or 57.7 per 
cent, as the part digested. 

71. Determining digestibility by difference. — Some feeds. cannot 
be fed alone, as was done in this trial. For instance, horses and rumi- 
nants are not fed concentrates alone, without hay or other roughage. 
Again, while pigs may be fed on grain only, such feeds as tankage and 
linseed meal are too rich in protein to be used thus. The digestibility 
of such feeds must therefore be found by difference, instead of directly. 

For example, in an experiment to determine the digestibility of oats 
for horses, the horse is first fed hay for several days, and the digestibility 
of the hay found. Then oats are added to the ration, and the total 
amounts of nutrients are determined that are digested from the combina- 
tion of oats and hay. The amounts of digestible nutrients coming from 
the hay are then subtracted from the total, leaving the amounts which 
are assumed to be digested from the oats. 

72, Digestion coefficients. — The average percentage of each nutri- 
ent digested in a feeding stuff is termed the digestion coefficient (also 
called the coefficient of digestibility) for that nutrient in the feed. 

As has been explained in the previous chapter, due to the fact that 
cattle and sheep are ruminants, they digest feeds high in fiber more 
completely than do horses and swine. In spite of this difference, the 
digestion coefficients obtained with ruminants are commonly used also in 
computing rations for horses and swine, because but few digestion trials 
have been carried on with the latter animals. However, no error of con- 
sequence is involved in this, for the recommendations in modem feeding 
standards are designed to meet these conditions. 

Individual animals of the same species vary somewhat in their abil- 
ity to digest any given feed. For this reason, it is essential, when com- 
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putihg the digestible nutrients in feeds as a basis for balancing ration® 
for livestock, to use average digestion coefficients which are based on all 
representative digestion trials that have been conducted. The author 
has therefore compiled and averaged the coefficients for the various feed- 
ing stuffs, as determined in the many trials by the experiment stations. 
These average coefficients of digestibility are presented on the right-hand 
pages of Appendix Table I. In the case of feeds for which American 
data are not available, coefficients from European sources have been 
included. 

An inspection of the digestion coefficients in this table will show 
that feeds which contain but little fiber, such as corn and wheat, are 
highly digestible, because the cell walls are thin and easily penetrated 
by the digestive juices. The higher the fiber content of feeds, the thicker 
and more resistant are the cell walls, and consequently the less digestible 
are the feeds, as a rule. Thus, oats and wheat bran are less digestible 
than com or wheat, and the roughages, such as hay and straw, have still 
lower digestion coefficients. 

In general, 'the nitrogen-free extract of feeds is slightly more digest- 
ible than the protein or the fat, and much more digestible than the 
fiber. It has been pointed out in Chapter I that the nitrogen-free extract 
in cereal grains and most other seeds is nearly all starch, which is readily 
digested. As a result, 80 to 90 per cent or even more of the nitrogen- 
free extract of such feeds is digested. On the other hand, much of the 
nitrogen-free extract of roughages consists of pentosans and hemicellu- 
loses, which are less digestible. Therefore only 50 to 60 per cent of 
the nitrogen-free extract of certain hays is digested and even less in the 
case of such feeds as wheat or rye straw.^ 

73. Digestible protein; total digestible nutrients. — To find the per- 
centages of digestible nutrients in any feeding stuff, the percentage of 
each nutrient is multiplied by the digestion coefficient for that nutrient. 
For example, dent corn contains 9.7 per cent of protein (See Appendix 
Table I), of which 76 per cent is digestible. Therefore the percentage 
of digestible protein in com is 7.4. In this manner the data have been 
computed which are given in the second and third columns of figures in 
Appendix Table I. 

Since protein has special functions in the body which can be per- 
formed by none of the other nutrients, the percentages of digestible pro- 
tein are shown separately in the second column. Next are given the per- 
centages of total digestible nutrients in the various feeds. 

The total digestible nutrients include all the digestible organic 
nutrients — protein, fiber, nitrogen-free extract, and fat (the latter being 
multiplied by 2.25, because its energy value for animals is approximately 
2.25 times that of protein or carbohydrates). The abbreviation T.D.N. 
is often used for total digestible nutrients. 

The percentages of total digestible nutrients therefore represent the 
approximate heat or energy value of the feed. The digestible protein is 
included in this total, since protein serves as a source of heat and 
energy when more is provided than is required to meet the protein needs 
of the body. 

In former editions of this book, the digestible carbohydrates and the 
digestible fat were given separately, but there is no longer necessity for 



MEASURING THE USEFULNESS OP FEEDS 43 

these additional figures. The old Wolff-Lehmann feeding standards, 
once widely used as guides in computing rations for livestock, were based 
on the amounts of digestible protein, digestible carbohydrates, and digest- 
ible fat in feeds. In the Morrison standards and most of the other mod- 
em feeding standards based on digestible nutrients, the recommendations 
are stated more simply in terms of dry matter, digestible protein, and 
total digestible nutrients. Therefore the amounts of digestible carbo- 
hydrates and of digestible fat are necessary only in computing the 
amounts of total digestible nutrients, as has been done in this table. 

An inspection of Appendix Table I will show the wide differences 
there are in the amounts of digestible protein and of total digestible 
nutrients in the various feeds. The cereal grains and other seeds and 
also the by-products low in fiber are rich in total digestible nutrients. 
The roughages have much smaller amounts of total digestible nutrients 
than the grains and other concentrates, the straws being especially low. 

A few feeds, such as flaxseed, which are unusually rich in fat, supply 
more than 100 lbs. of total digestible nutrients per 100 lbs. of the feed. 
This is due to the fact that the digestible fat is multiplied by 2.25 when 
it is included in the sum, ‘‘total digestible nutrients.^’ The high figure 
of 108.7 per cent total digestible nutrients for flaxseed means that 100 lbs. 
of flaxseed furnishes as much heat or energy as would be supplied by 
108.7 lbs. of digestible starch. 

74. Nutritive ratio. — As protein serves special uses in the body, in 
discussions of feeding stuffs and rations the term nutriiive ratio is 
employed to show the proportion of digestible protein. 

By nutritive ratio is meant the ratio, or proportion, between the 
digestible protein and the digestible non-nitrogenous nutrients (includ- 
ing fat multiplied by 2.25). 

When the percentage of total digestible nutrients is given, as in 
Appendix Table I, the nutritive ratio is computed as follows; The 
percentage of digestible protein is subtracted from the percentage of 
total digestible nutrients to obtain the percentage of digestible non- 
nitrogenous nutrients. This remainder is divided by the digestible pro- 
tein, the quotient being the second term of the ratio. 

The manner of computing the nutritive ratio of dent com is as 
follows : 


Total dig. nutrients 

Per cent 

Dig. protein 

Per cent 

Dig. non-nitrogenous 
nutrients 

Per cent 

83.7 — 

7.4 

= 76.3 

Dig. non-nitrogenous 
nutrients 

Per cent 

Dig. protein 

Per cent 

Second factor of 
nutritive ratio 

76.3 

7.4 

= 10.3 


Nutritive ratios are expressed with the colon, thus, 1:10.3. The 
nutritive ratio of dent corn is therefore 1 ;10.3 (read as 1 to 10.3). This 
means that for each pound of digestible protein in corn there are 10.3 
lbs. of digestible non-nitrogenous nutrients, including fat multiplied 
by 2.25. 

A feed or ration having much protein in proportion to the non- 
nitrogenous nutrients is said to have a narrow nutritive ratio; if the 
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reverse, it has a wide nutritive ratio. Oat straw has the very wide nutri- 
tive ratio of 1 :48.0, because of its low content of digestible protein com- 
pared with the carbohydrates and fat. Oat grain has the medium one 
of 1 :6.6, and protein-rich linseed meal the very narrow ratio of 1 :1.6, 
the digestible non-nitrogenous nutrients being less than twice the crude 
protein. 

Another method of computing the nutritive ratio, which is even 
simpler than the preceding, is as follows : Divide the percentage of total 
digestible nutrients by the percentage of digestible protein, and subtract 
1.0 from the quotient. The result will be the second term of the nutri- 
tive ratio. For example, the nutritive ratio of dent corn is found as 
follows : 


Total dig. nutrients 
Per cent 


Dig. protein 

Per cent 



83.7 

-4- 

7.4 

= 

11.3 

11.3 


1.0 


Second factor of 
nutritive ratio 

10.3 


76. Limitations of digestion trials. — The data secured in digestion 
trials provide the general basis for our knowledge concerning the 
amounts of digestible nutrients furnished by the many different feeding 
stuffs. Such data are therefore highly important in the science of 
stock feeding. 

Even the net energy values of feeds, which are discussed later in 
this chapter, are usually computed from tables of digestible nutrients, 
such as Appendix Table I of this volume, by applying certain factors to 
the values for digestible nutrients. However, in studying tables of diges- 
tion coefficients and digestible nutrients it is well to bear in mind the 
following facts concerning the limitations in securing data of this sort : 

In digestion trials it is commonly assumed that all matter appearing in the 
feces represents the part of the food which is actually indigestible. This is only 
approximately correct, for the feces always contain in addition some waste from the 
body itself, such as unabsorbed residues from the bile and other digestive juices, 
worn-out cells and mucus from the membranes lining the digestive tract, and waste 
mineral matter. The feces also include innumerable living and dead bacteria. 

In herbivora, such as cattle and horses, which eat much roughage, these products 
form but a small part of the feces, while in carnivora, such as dogs, they form a 
considerable portion. All these constituents of the feces are waste products. There- 
fore, although they do not represent undigested food, it is entirely correct from a 
practical standpoint to deduct them, along with the food that is actually undigested, 
in determining the digestible nutrients which are of use to an animal. These intes- 
tinal waste products which are excreted in the feces are a part of the cost of digesting 
the feed, as they represent the “wear and tear” of the digestive organs. 

In nutrition studies, when it is desired to determine how much of the protein 
of the feed has actually been digested, the feces may be treated with an acid solu- 
tion of pepsin. This dissolves practically all the protein compounds in the feces 
except the true undigested food protein. 

It has been pointed out in the preceding chapter that in the digestion of cellulose 
and pentosans by bacteria in the paunch of ruminants and to a less extent in the 
large intestine of other animals, more or less of the carbohydrates are broken down 
into carbon dioxide and methane, which gases have no nutritive value. Yet, due to 
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the method of computing digestible nutrients, these are commonly included in the 
amount of carbohydrates considered digestible. This does not involve any serious 
error even with ruminants, and with other classes of stock the discrepancy is 
usually negligible. 

Errors are apt to occur in determining the digestibility of the ether extract, or 
so-called “fat,” for fat is usually present in feeding stuffs in much smaller amounts 
than protein and carbohydrates. Furthermore, as has been pointed out in Chapter I, 
ether dissolves not only true fat but also such plant compounds as chlorophyll and 
waxes. It also dissolves such products in the feces as the bile residues. 

The true fats are highly digestible, but the waxes, etc., are of rather low digest- 
ibility. Fraps and Father, on studying the ether extract obtained from 18 different 
forage plants, found that only 42 per cent was true fat .2 Of this, 66 per cent was 
digested, while only 29 per cent of the remainder (not true fat) was digestible. 

The ordinary digestion trials give little information concerning the extent to 
which the mineral matter is actually digested and absorbed, for calcium, magnesium, 
phosphorus, and iron are chiefly excreted from the body in the feces. Therefore, 
in a digestion trial these compounds would be reported as largely undigested, though 
they may really have been digested and absorbed, and later excreted in the feces 
after being used in the body. 

76. Determining digestibility by other methods. — ^In addition to the direct 

determination of the digestibility of the various nutrients by means of a digestion 
trial, other methods are sometimes used to estimate the digestibility of the nutrients 
in a feed. A fair index to the digestibility of the protein can be gained, in the 
case of concentrates, by digesting a finely-ground sample of the feed with a solution 
of pepsin and hydrochloric acid in an incubator under standardized conditions. This 
method is used in Europe to some extent in valuing oil meals of various grades. 
It is less accurate in the case of roughages. 

Attempts have also been made to estimate the digestibility of the fiber and other 
nutrients by treating samples of the feed with various solvents. These are apparently 
of less value than the artificial determination of digestibility of the protein.a 

Attempts have also been made to reduce the cost of actual digestion experiments 
by methods in which the feces are not collected and weighed, but are merely sampled 
at intervals and analyzed. Since the silica in feeds is not digested to an appreciable 
extent, it is practically all voided in the feces. The digestibility of the various 
nutrients can be estimated approximately from the percentage of silica and the per- 
centage of the nutrients in the feed and the percentages of each in the feces.* 

In another method iron oxide is added to the ration, and the digestibility of the 
various nutrients is estimated from the iron content of the feed and of the feces.5 
These methods have not as yet proven sufficiently exact to be used instead of the 
usual method of determining digestion coefficients. 


III. Energy Values op Feeds 

77. All losses not deducted in digestible nutrient values. — Tables 
showing the amounts of digestible nutrients in feeds tell approximately 
what part of the food is digested and absorbed, and thus really enters 
the body of the animal. However, in addition to the loss of undigested 
material in the feces, there are other losses of energy in the mastication, 
digestion, and assimilation of feed. These other losses cannot be con-, 
sidered at all in the digestible-nutrient values for the various feeding 
stuffs. To obtain information on these losses and also to study the use 
of food energy in the body, various types of respiration apparatus and 
respiration calorimeters have been devised. 

78. Respiration apparatus. — A respiration apparatus is a device by 
means of whicn an animal’s intake and outgo of carbon dioxide and 
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oxygen gas can be accurately determined, or sometimes merely the 
amount of oxygen consumed in the oxidations that take place in the body. 

In one type of respiration apparatus the animal breathes through a 
mask placed over the nose and mouth, and the amounts of carbon dioxide 
and oxygen in the incoming air and in the outgoing air are found by 
chemical methods. In addition to the carbon dioxide given oif in the 
breath, a small amount is excreted through the skin. Also, there is a 
small excretion of carbon in the form of the combustible gas, methane. 
Since these losses are small and relatively constant for any particular 
kind of animal, mathematical corrections can be made for them. 

Simple apparatus of this type is now commonly employed in most 
large hospitals to determine the rate of metabolism in humans suffering 
from certain diseases. Extensive studies have also been made with farm 
animals with such apparatus. For example, Zuntz, a German scientist, 
conducted such investigations many years ago to find the amounts of 
nutrients expended by horses in different types of work. 

In the most simple kind of respiration apparatus, only the amount 
of oxygen is ascertained that is consumed in the oxidations that take 
place in the body, the amount of carbon dioxide not being determined. 
This method has been used in recent studies by Brody and associates at 
the Missouri Station, to find the energy expenditure of farm animals of 
various classes and under different conditions. In these experiments 
special sleeve-like masks were used which fitted over the nose and mouth 
of the experimental animals. 

The more complete type of respiration apparatus is an air-tight 
chamber in which the animal is placed. This is so equipped that all the 
air entering the chamber and all leaving it can be accurately measured 
and analyzed. All food, feces, and urine are likewise carefully weighed 
and analyzed. In some cases mechanical work is performed by the ani- 
mal within the chamber, while in others it is at rest. 

In this manner there can be determined the exact amount of carbon 
and also of nitrogen that the animal has either gained or lost during the 
experimental period. From this information the amounts of body pro- 
tein and of fat that have been stored or lost can be computed, and like- 
wise the gain or loss in energy. 

Extensive investigations have been made by Kellner, Mollgaard, and 
other European scientists with apparatus of this type, and by Ritzman 
and Benedict at the New Hampshire Station. More recently, respiration 
studies with the larger farm animals have been conducted by Mitchell 
and associates at the Illinois Station and by Kleiber and associates at 
the California Station. 

79. Determining the chemical gain or loss in the body. — To illus- 
trate the manner in which a respiration apparatus is used to gain infor- 
mation on the use of food in the body, let us assume that a steer has 
been fed a normal fattening ration during a respiration experiment. The 
feed given the animal during 24 hours contained 0.75 lb. of nitrogen, 
and the feces and urine voided during the same day contained 0.68 lb. 
of nitrogen. Therefore in this experiment the steer had stored 0.07 lb. 
of nitrogen in its body in the form of protein tissue. Multiplying this 
by the factor 6.25, it is found that the animal made 0.44 lb. of body 
protein during the day. 
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Similarly, if the feed contained 13.44 lbs. of carbon, and the steer 
Toided 12.71 lbs. during the day in the feces, in the urine, and in carbon 
dioxide and methane gas, then 0.73 lb. of carbon must have been stored 
in his body. Since the average carbon content of body proteins is known, 
the amount of carbon in the 0.44 lb. of body protein stored can be com- 
puted, and this can be subtracted from the total carbon stored. Prac- 
tically all the rest of the carbon must have been stored in the form of 
body fat, because the glucose and glycogen content of the body does not 
ordinarily change appreciably from day to day. Then from the average 
earbon content of body fat, there can be computed the amount of body 
fat stored during the experiment. 

By means of respiration studies of this kind definite information 
ean be gained concerning the use an animal can make of the total nutri- 
ents in a ration. For example, in the case of a growing or fattening 
animal, one can determine the actual amount of energy that is stored 
in the newly-formed body tissues. In experiments with a horse the 
proportion of the food energy can be found that is converted into useful 
work. In experiments with dairy cows there can be similarly ascertained 
the proportion of the total energy in the ration which is transformed into 
the energy of the milk. Such investigations have therefore been of 
great value in furnishing information on many important problems. 

80. The respiration calorimeter. — Another means of measuring the 
usefulness of feeds is furnished by the respiration calorimeter. This is 
an exceedingly complicated form of the respiration apparatus, in which 
not only the feces, urine, and gaseous waste products can be collected, 
but in which the heat given off by the animal can also be directly deter- 
mined. By means of this apparatus, it is possible to find how much of 
the energy of the feed the animal has been able to use in growth, fatten- 
ing, or work. 

The first and only respiration calorimeter built in this country for 
carrying on experiments with large farm animals was erected years ago 
by Armsby at the Institute of Animal Nutrition of Pennsylvania State 
College. Following the death of Armsby, the investigations with this 
respiration calorimeter have been in charge of Forbes. 

81. Gross energy of feeds. — ^A mature animal may be compared to 
a steam engine, in which a part of the energy derived from the fuel is 
used for the operation of the engine itself, while the surplus may per- 
form useful work. The steam engine derives its energy from coal, oil, 
or wood; the animal, from the feed it consumes. Both require a small 
amount of repair material — steel, brass, etc., for the engine, and protein 
and mineral matter for the animal — ^but the largest demand with engine 
and mature animal alike is for energy. It is therefore both important 
and interesting to consider the relative value of feeds in terms of the 
energy they can furnish the body. 

The gross energy value of any feeding stuff for the animal depends 
on the amount of energy that it will furnish when burned. As with 
coal, the gross energy value of a feed is determined by burning a weighed 
quantity of it in pure oxygen gas under pressure in an apparatus called 
a calorimeter. The heat given off is taken up by water surrounding the 
combustion chamber and is determined with an exceedingly accurate 
thermometer. 
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The units of measurement employed in measuring heat and energy 
in such investigations are the Calorie and the therm. A Calorie (C.) is 
the amount of heat required to raise the temperature of 1 kilogram of 
water V C., or to raise the temperature of 1 lb. of water nearly 4® F. 
A therm (T.) is 1,000 Calories. 

The Calorie, known as the large, or great Calorie, is written with a 
capital C, to distinguish it from the calorie (small calorie). The Calorie 
is 1,000 times the calorie. 

The gross energy of 100 lbs. of various substances, or the heat 
evolved on burning them, is as follows : 

Therms 


Anthracite coal 358.3 

Com meal, average water content 180.3 

Linseed meal, average water content 210.3 

Timothy hay, average water content 181.2 

Wheat straw, average water content 184.6 

Pure digestible protein 263.1 

Pure digestible carbohydrates 186.0 

Pure digestible fat 422.0 


The table shows that, on burning, 100 lbs. of anthracite coal yield 
358.3 therms, or enough heat to raise the temperature of 358,300 lbs. of 
water 4° F. One hundred pounds of timothy hay yield 181.2 therms, or 
about half as much as coal. Linseed meal has a higher fuel value than 
corn meal, chiefly because it has more fat, but also because it has more 
protein. Digestible protein yields considerably more heat than the 
carbohydrates, and fat over twice as much as the carbohydrates. 

82. Metabolizable or available energy. — The gross energy of a feed 
does not measure its nutritive value to the animal, because feeds which 
yield the same number of heat units in the calorimeter may differ in 
the amount of energy which they can furnish to the body. Certain por- 
tions of the gross energy are entirely lost by the following means : 

1. A part of the food passes through the digestive tract undigested. 

2. The carbohydrates, especially woody fiber, undergo fermentations 
in the intestines and paunch, in which combustible gases, especially 
methane, are formed that are without fuel value to the animal. 

3. When the protein substances in the body are broken down, they 
form urea and other nitrogenous compounds that are excreted by the 
kidneys. These have fuel value which is lost to the body. 

The metabolizable energy of any feed, which is the only portion that 
is of use to the animal, is the amount of energy left after deducting 
from the gross energy of the feed these three losses; i.e., (1) the energy 
lost in feces, (2) the energy lost in urine, and (3) the energy lost in 
combustible gases. The metabolizable energy is also sometimes called 
available energy. 

83. Additional losses of energy.— The metabolizable energy of a 
feed measures the value for heat production in the body, but does not 
represent its true value for other purposes. The animal must spend 
part of the metabolizable energy from any food in the work of masticat- 
ing and digesting it and assimilating the digested nutrients. Obviously, 
energy is required for the movements of the jaws in chewing, the move- 
ments of the digestive tract, and the increased work of the heart and 
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lungs during the digestive process. Also, the secretion of the digestive 
juices requires energy and there are losses of energy in the heat pro- 
duced through the bacterial action upon carbohydrates. 

The energy consumed in these processes all takes the form of heat, 
and it may help to warm the body. However, it cannot be used for other 
body purposes, because the body has no ability to convert heat into other 
forms of energy. 

In addition to these losses of energy due to the actual work of 
masticating, digesting, and assimilating the food, a further loss occurs 
through the speeding up of the general metabolism in the body, which 
always follows the consumption of food. It has been found that the rate 
of metabolism is at once increased, when nutrients are absorbed from 
the digestive tract following a meal. As a result, more heat is produced. 
This additional production of heat is sometimes called the ‘‘specific dy- 
namic effect of the food nutrients. 

The effect is familiar to all of us, for we know that if we eat a 
meal when we are chilly, we will soon feel decidedly warmer. Likewise, 
if we eat too heartily in hot weather, we will suffer even more from 
the heat. 

All these losses of energy in the form of heat are often grouped 
together under the term ‘ ‘ work of digestion. ’ ^ Investigators in this field 
more commonly use the term heat increment to include all these losses, 
for they are due to an increase, or increment, in the heat production of 
the body, which is caused by the consumption of food. 

84. Net energy. — The net energy of any feed is the amount of en- 
ergy left after deducting from the metabolizable energy the energy lost 
in the so-called “work of digestion, or “heat increment.^' 

This net energy is used by the animal, first of all, to meet its daily 
maintenance needs. Even when an animal consumes no food, a certain 
amount of energy is required for the necessary functions of the body. 
These include the work of the heart, lungs, and other internal organs, 
as well as the work done by the muscles in producing the movements of 
the body. A certain amount of the net energy furnished by the food 
must, therefore, be used by the animal for these daily maintenance needs. 

In case a surplus of net energy remains after meeting the require- 
ment of the animal for merely maintaining the body, the surplus may 
be used for producing growth, fat, milk, or wool, or in the performance 
of external work. 

86. Equations for metabolizable energy and net energy. — To fix in 

mind the definitions for metabolizable energy and net energy, they may 
be stated thus, in the form of equations : 

Metabolizable energy = gross energy minus energy lost in (1) feces, 
(2) urine, (3) combustible gases. 

Net energy == metabolizable energy minus energy lost in work of 
digestion. 

86. Net energy values of typical feeds. — Our knowledge concern- 
ing the net energy values of different feeds and of tne use of net energy 
by the various farm animals has largely been obtained through the pains- 
taking and laborious experiments conducted by Armsby and later by 
Forbes at the Pennsylvania Institute of Animal Nutrition with a respira- 
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tion calorimeter and by Kellner and others with various types of res- 
piration apparatus. Most of these investigations have been with mature 
steers, and but little information of this character is available concerning 
the net energy values of feeds for other classes of stock. Also, on account 
of the great expense involved in these experiments, it has been possible 
for the investigators to study but relatively few feeding stuffs. While 
the data are therefore limited in nature, these determinations have 
brought out facts of great interest and importance in animal nutrition 
and in practical stock feeding.® 

The losses of energy that occur in the utilization by cattle of the 
pure nutrients and of typical feeds are shown in the following table : 


Net energy from 100 lbs. of digestible nutrients and 
typical feeding stuffs 


Nutrients or 
feeding stuffs . 

Gross 

energy 

Energy lost 

in 

Meta- 

bolizable 

energy 

remain- 

ing 

Heat 

increment 

Net 

energy 

remain- 

ing 

Feces 

Methane 

Urine 

Digestible nutrients 

Therms 

Therms 

Therms 

Therms 

Therms 

Therms 

Therms 

Peanut oil (fat) 

399.2 

0.0 

0.0 

0.0 

399.2 

174.4 

224.8 

Wheat gluten (protein). 

263.1 

0.0 

0.0 

49.2 

213.9 

118.3 

95.6 

Starch (carbohydrate) . . 

186.0 

0.0 

18.8* 

0.0 

167.2 

68.7 

98.5 

Comment feeding stuffs 








Ground corn 

180.3 

21.2 

15.9 

8.1 

135.1 

52.2 

82.9 

Timothy hay 

181.2 

865 

13.6 

7.1 

74.3 

31.3 

43.0 

Wheat straw 

184.6 

107.5 

15.3 

4.4 

57.4 

47.3 

10.1 


As the pure nutrients were entirely digestible, no losses occurred 
in the feces. There was no loss of energy in the form of methane in 
the case of peanut oil or wheat gluten, because fat and protein do not 
undergo the fermentations in the paunch and large intestine which 
produce this gas. With starch, a loss of 18.8 therms of energy occurred 
in methane gas for each 100 lbs. of the nutrient. A loss of energy in 
the urea and other nitrogenous compounds in the urine resulted only in 
the case of the wheat gluten, since fat and starch do not contain protein 
or other nitrogenous compounds. 

Deducting these losses, there remained 399.2 therms of metabolizable 
energy for the fat, 213.9 therms for the protein, and 167.2 therms for 
the starch. The losses in the heat increment, or so-called ‘‘work of diges- 
tion ’’ were highest in the case of the fat and lowest for the starch. 
Deducting these losses, there remained 224.8 therms of net energy from 
the 100 lbs. of fat; 95.6 therms from the same weight of protein, and 
98.5 therms from the starch. 

It should be noted that, although the protein contained consider- 
ably mbre gross energy than the starch, the losses were so much larger 
that it supplied a trifle less net energy. This net energy value of pro- 
tein represents merely its worth as a substitute for starch or fat in 
the production of heat, energy, or body fat. Protein has its full value 
only when used for the repair of protein tissue or for the building of 
new body protein. 





A Steek in a Digestion Stall 

In digestion tritils t he ft'cos may be (jolkicUal in S('veral ways. A common manner 
is by riK'aris of the harn(\ss and rublx'r duct licre shown. When it is desired merely 
to determine the digostil)ility of a feed, the urine need not be collected, as is being 
done in this trial. (From Penn.sylvania Station.) 



Respiration Calorimeter at Pennsylvania Station 

Much important information concerning the nutritive values of different 
classes of feeds has been seemed through the investigations conducted with 
this apparatus. (From Penn.sylvania Institute of Animal Nutrition.) 



Animals Fed for Production Require Concentrates 
H9rses at hard work, dairy cows in milk, and fattening animals all must have a 
considerable amount of concentrates to keep up high production. 



Mature Animals Can Be Maintained Chiefly on Roughage 

This is not an economical method of feeding straw. However, the picture well 
emphasizes the fact that mature horses, cattle, or sheep which are merely being 
mamtained can live chiefly on cheap roughage. 
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87. Net energy values of concentrates and roughages. — Studying 
the data for com meal, timothy hay, and wheat straw, we note that 
in the case of the corn only 21.2 therms of energy were lost in the feoes, 
while this loss amounted to 86.2 therms for the hay. The loss in the 
feces was still greater for the straw, 107.5 therms being lost, or more 
than half of the original gross energy content. Small losses occurred 
in methane with all three feeds, and the losses of energy in the urine 
were also small, for none of these feeds is high in protein. 

Deducting the losses in feces, methane, and urine, there remained 

135.1 therms of metabolizable energy from the 100 lbs. of com, 74.3 
therms from the hay, and only 57.4 therms from the straw. 

Over one-third of the metabolizable energy in the com, or 52.2 
therms, was lost in the '‘heat increment, leaving 82.9 therms as the 
net energy value of 100 lbs. of the grain. In the case of the hay, there was 
a loss of 31.3 therms in the "heat increment.'^ This left only 43.0 
therms of net energy, or only about one-half as much as for the corn 
grain. In the mastication, digestion, and assimilation of the straw, there 
was used up nearly all the available energy ii furnished, leaving only 

10.1 therms of net energy from 100 lbs. of the straw. 

These data therefore show that for productive purposes, such as 
the formation of body fat, 100 lbs. of wheat straw were worth less than 
one-eighth as much as 100 lbs. of corn grain and only one-fourth as 
much as 100 lbs. of timothy hay. For the production of heat in the 
body, the relative values of these feeds are measured by their metaboliz- 
able energy values. For this purpose, 100 lbs. of the straw were worth 
over one-third as much as the same weight of corn grain. The amounts 
of total digestible nutrients furnished by various feeds are also approxi- 
mate measures of their relative values for the production of heat in 
the body. 

88. Net energy does not measure value for maintenance. — For the 

reason just stated, net energy values should not b#used in computing 
maintenance rations for wintering farm animals in sections where the 
winter climate is cold. It is shown in Chapter V that the chief main- 
tenance requirement under such conditions is for heat to keep the body 
warm. Net energy values seriously undervalue the worth of roughages 
for this purpose. In the computation of rations for maintaining stock, 
it is therefore more accurate to use total digestible nutrients. Metab- 
olizable energy values are also suitable for this purpose, but are not in 
common use. 

The fact that roughages have a much higher relative value for 
warming the body than they do for productive purposes, is of great 
importance in livestock feeding. It is pointed out in later chapters 
that mature animals that are merely being maintained, such as idle 
horses in winter, can be satisfactorily kept on roughages alone, even 
those of rather low quality. On the other hand, high-producing dairy 
cows, fattening cattle or sheep, and horses at hard work can use but 
little low-grade roughage, such as straw or poor, woody hay. 

89. Advantages and limitations of net ener^ values. — For many 
years there has been much discussion among scientists as to whether 
feeds should be compared and rations computed on the basis of net 
energy values or on the basis of digestible nutrients. There is no ques- 
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tion but that the net energy value of hay or other roughage furnishes 
a more correct measure of its value for productive purposes than its 
content of digestible nutrients, when it is desired to compare the rough- 
age directly with a grain or other concentrate. Therefore from this 
standpoint net energy values would be preferable to total digestible 
nutrients as a basis for evaluating feeds and computing rations for 
livestock. 

However, there are great scientific and also practical limitations in 
the use of net energy values. First of all, on account of the great cost 
of such investigations, the values of but very few feeds have been actu- 
ally determined by experiments with a respiration apparatus or a res- 
piration calorimeter. For example, though most such studies have been 
with fattening steers, the net energy values of less than 20 feeds have 
been directly determined for this class of stock. Still less information 
is available in the case of the other farm animals. 

For all the other many feeding stuffs, the net energy values must 
therefore be computed from their chemical composition or from their 
content of digestible nutrients. When this is done, it is often necessary 
to make arbitrary deductions, based on the judgment of the scientist, 
from the computed values, to produce a result that seems reasonable. 
Sometimes the computed values have not been corrected sufficiently on 
the basis of judgment, and figures have been published for certain feeds 
that are widely different from those that have been obtained in actual 
feeding experiments. 

90. Net energy values differ with kind of animal and with indi- 
viduals. — It has been found that the same feeds have decidedly differ- 
ent net energy values for some classes of stock than for others. Therefore 
net energy values determined in experiments with one class of animals 
may not furnish a correct index of the values of the same feeds for 
other stock. 

Investigations 4o study this problem were begun by Armsby and 
continued by Forbes and associates after the death of Armsby. In these 
studies it was found that the net energy value of a ration for the fatten- 
ing of cattle was only 76 per cent as great as the net energy value of 
the same feeds for the maintenance of cattle.^ The net energy values 
of feeds for milk production by dairy cows, according to their investiga- 
tions, are practically as high as for maintenance, averaging 98.5 per 
cent of the latter values. 

European investigators found years ago that the net energy values 
of concentrates for fattening swine were much higher than the values 
for fattening cattle.® Recently Mitchell and Haines determined that the 
net energy value of com grain for chickens was 128.5 therms per 100 
lbs.® This is 52 per cent higher than the net energy value of the same 
grain for fattening cattle, determined earlier by Armsby. According 
to the investigations of Zuntz many years ago, the net energy values of 
com, oats, and other concentrates for work horses are also much higher 
than the values of these same feeds for fattening cattle.^® 

The net energy values of the same feed, determined in experiments 
with individual animals of a particular class, sometimes differ very 
widely, due to the individuality of the experimental animals and the 
complexity of the methods of investigation.^^ 
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91. Other factors also affect net energy values. — The net energy 

value of a particular mixture of feeds for the same class of stock may 
differ, depending on whether the animals are fed liberally or scantily. 
For example, in an investigation by Forbes and associates the net energy 
value of a combination of corn grain and alfalfa hay was 20 per cent 
less when steers were fed 2.5 times as much as they needed for main- 
tenance, than when they were fed only 1.5 times their maintenance 
requirements.^^ It is pointed out in the next chapter that the amount 
of feed consumed also affects the digestibility of a ration, although to 
a less degree. 

Investigations by Forbes and associates have shown that the net 
energy value of a ration which is nutritively complete is markedly 
higher than that of a ration which has certain deficiencies.^ For 
instance, in experiments with rats the net energy value of a ration was 
decreased if it was too low in protein or if there was a lack of cystine, 
which is one of the essential amino acids. A deficiency of vitamins B, 
D, or G also reduced the utilization of the energv of a ration. 

In another experiment with a fattening steer they found that the 
net energy value of corn grain was decidedly higher when it was fed 
in a balanced ration with alfalfa hay than when it was given to the 
animal as the only feed. Likewise, from a study of the results secured 
in experiments with fattening lambs, Fraps concluded that cottonseed 
meal had a considerably higher net energy value when small amounts 
were added to a ration low in protein, than when it was used in a ration 
already containing ample protein.^* 

92. Relative values of legume hay and timothy hay. — One of the 
most-discussed problems in the net-energy system of valuing feeds has 
been the relative net energy values of legume hay, especially alfalfa hay, 
and of timothy hay. The feeding experiments reviewed in later chap- 
ters show clearly that, even when timothy hay is fed with supplements 
that provide an abundance of protein, minerals, and vitamins, it is cer- 
tainly not superior to alfalfa or other legume hay for animals fed for 
production. Early-cut, well-cured timothy hay from properly-fertilized 
fields may equal alfalfa hay in feeding value per ton for some classes 
of stock, except for the difference in content of protein and calcium and 
perhaps of vitamins. However, it is not superior to alfalfa hay. 

Nevertheless, in investigations by Armsby and later by Forbes and 
associates net energy values of 42.8 to 48.7 therms were found for timo- 
thy containing 88 per cent dry matter, in comparison with net energy 
values of only 30.0 to 36.5 therms for alfalfa hay containing the same 
percentage of dry matter.^® Alfalfa hay likewise had a decidedly lower 
net energy value than timothy hay for lambs in experiments by Mitchell 
and associates at the Illinois Station.^® 

On the other hand, in early investigations by Zuntz with work horses 
alfalfa hay had a considerably higher net energy value than timothy 
hay.^^ Likewise, in recent experiments by Ritzman at the New Hamp- 
shire Station with dairy cows alfalfa hay had a higher net energy value 
than timothy hay.^® 

93. Net energy values vs. total digestible nutrients. — ^From the 
preceding discussion it is apparent that the net energy values of indi- 
vidual feeds have very marked limitations as a practicable basis for 
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evaluating feeds or computing rations for livestock. However, it should 
be recognized that most of the discrepancies in this system of valuing 
feeds also occur in comparisons based on total digestible nutrients. It 
is therefore natural that the opinions of scientists differ widely as to 
which system is preferable. 

In the United States the net energy values have been used much 
less than in Europe. This is perhaps because their limitations have 
been realized more clearly. In this country the actual values of most of 
our important feeds have been determined by means of the extensive 
feeding experiments conducted by the experiment stations. Animal hus- 
bandmen have therefore relied chiefly on the results of these experiments 
in deciding on the relative values of the various feeds, instead of upon 
computed net energy values. 

The author of this book has preferred and still prefers total di- 
gestible nutrients to net energy values for most purposes. The chief 
reasons for this preference are the very limited amount of data on the 
actual net energy values of different feeds, and the wide differences in 
net energy values that have been pointed out in this discussion. Also, it 
is apparently easier for most students and farmers to understand pounds 
of digestible nutrients than therms of net energy. 

In this connection the conclusions of Meigs and Forbes are of 
interest. Prom experiments with dairy cows, Meigs of the United States 
Department of Agriculture concluded that the existing figures for total 
digestible nutrients in feeds were a better measure of their relative values 
under practical conditions than net energy values.”^® 

After extensive investigations in this field with a respiration 
calorimeter, Forbes concluded: ‘‘(1) that in a critical sense, foodstuffs 
cannot be evaluated individually, (2) that the net energy values of 
individual foodstuffs are fundamentally variable and hence are not prac- 
ticable standard measures of reference, and (3) that the most nearly 
logical, single, conventional measure of whole nutritive value is the net 
energy of the nutritively complete ration. 

The opposite point of view, that net energy values are a more accu- 
rate means of comparing the values of individual feeds, is well sum- 
marized in recent statements by Praps and by Mitchell.^^ 

The conclusion by Forbes is substantially that which the author has 
held for many years. It has long been his opinion, as expressed at the 
beginning of this chapter, that the best measure of the actual value of 
any feed for a particular class of stock can be secured only through care- 
fully planned feeding experiments. In such studies the feed concerning 
which information is desired should be fed as part of a complete ration 
and under practical conditions, in direct comparison with another feed 
that is taken as the standard of value. 

When such trials are repeated a sufficient number of times, definite 
and reliable conclusions can be made concerning the actual relative values 
of the two feeding stuffs for this particular class of stock. It should 
be pointed out that in order to determine which of several available 
feeds are the most economical to use in stock feeding, there must be 
considered other factors than the amounts of energy dr total digestible 
nutrients that each furnishes. 

The amounts of digestible protein, the vitamin and the mineral con- 
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tent, and the general suitability of each feed for that class of stock must 
all be given due attention. The methods of determining the money 
values of different feeds are discussed in Chapter X. 

94. Net energy values in Appendix Table II. — ^It has been pointed 
out previously that net energy values, in spite of their limitations, are 
more accurate than total digestible nutrients as a basis for a direct com- 
parison of the value of a concentrate and of a roughage. This is also 
true in a comparison of a high-grade concentrate, containing but little 
fiber, with a low-grade concentrate which is high in fiber. Also, it is 
fully recognized that some prefer to use net energy values in computing 
rations for live stock. 

The author has therefore computed net energy values for some of 
the most important feeds, from the data on the average composition of 
these feeds which is presented in Appendix Table I. These net energy 
values are presented in Appendix Table II with full recognition that 
they are approximate values only, but with the hope that they may 
serve a useful purpose. 

In the computation of these net energy values, considerable use 
has been made of the Fraps’ “production coefficients^^ for estimating 
the net energy values of feeds from the chemical composition.^* From 
extensive studies of the results of feeding experiments in which various 
feeds have been compared, Fraps of the Texas Station has computed 
net energy values for these feeds. He has also derived “production 
coefficients^^ for a considerable list of feeds, by means of which ap- 
proximate net energy values can be computed from the chemical 
composition. In computing the net energy values these “production 
coefficients^’ are used in a manner similar to the way in which the 
amounts of digestible nutrients are computed from the chemical com- 
position and the digestion coefficients. 

These net energy values in Appendix Table II are primarily for 
the fattening of livestock. As has been shown previously in this 
chapter, the various feeding stuffs have materially higher net energy 
values for milk production tlian for the fattening of animals. How- 
ever, the relative net energy values of different feeds for milk produc- 
tion and for fattening are probably not far different in most cases. 

Therefore, those desiring to compute rations for dairy cows on the 
net energy basis can safely employ these net energy values, using the 
figures for net energy requirements given in Appendix Table III, which 
are designed for use with these net energy values. These values can also 
be used in computing rations for work animals. 

It has been stated before in this chapter that net energy values 
should not be used in computing maintenance rations for wintering stock 
in sections having a cold winter climate. (88) It is much more accu- 
rate to use for this purpose feeding standards and tables of composition 
based on total digestible nutrients. 

96. starch values^ — Kellner, who conducted extensive investigations with 
«teers in a respiration apparatus many years ago in Germany, measured the values 
of feeds for productive purposes in terms of starch vaUies, instead of net energy 
values expressed as therms .22 In this system 1 lb. of digestible starch is taken as 
the net energy unit. The net energy value of any feeding stuff is expressed as the 
number of pounds of starch which, it is believed, would have the same net energy 
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value for productive purposes. Thus, the starch value of dent corn, according to the 
Kellner method, is 81.5 lbs. starch equivalent. In comparison with this, Armsb7 
estimated that dent corn had a net energy value of 85.5 therms. 

Except for the difference in the manner in which the results are expressed, 
starch values are similar to Armsby’s net energy values, which are stated in therms^ 
In fact, the starch value for any feed, expressed in pounds of starch equivalent, can 
readily be converted into therms of net energy, by hiultiplying the pounds of starch 
equivalent by the factor 1.071. (One pound of starch equivalent has an average 
net energy v^ue of 1.071 therms, according to Armsby.) 

Kellner determined by experiments in his respiration apparatus with fattening 
steers the starch values of a few typical feeds, and then computed a table of starch 
values for all important feeds on the basis of these results and the amounts of 
digestible nutrients furnished by the respective feeds. He also prepared feeding 
standards in which the requirements for the various classes of livestock were stated 
in terms of digestible true protein and starch values. 

Taking 1 lb. of digestible starch as his unit, Kellner found that 1 lb. of digest- 
ible pure protein had a starch value of 0.94 lb.; i. e., it would produce 94 per cent 
as much body fat as 1 lb. of digestible starch. Further, in oil-bearing seeds and oil 
meals, in which the ether extract, or so-called “fat,” is practically all pure fat, 1 lb. 
of digestible fat had a starch value of 2.41 lbs., while in roughage, roots, etc., it 
had a starch value of only 1.61 lbs. Fat in cereals and factory and mill by-products 
had a starch value of 2.12 lbs., which was nearly as high as in oil-bearing seeds. 

Kellner also found that the productive value of certain concentrates, such as 
grains and seeds, oil cakes, roots, and slaughter-house by-products, was about the 
same as that obtained when the several pure nutrients in them were fed separately. 
It was therefore possible to calculate the approximate starch values of such feeds 
from the amounts of each class of digestible nutrients they contained. 

However, it was not possible to compute the starch values of feeds high in fiber 
with any degree of exactness whatsoever. From the few typical feeds which he 
actually studied, Kellner found that with such feeds it was necessary to make deduc- 
tions from the starch values computed as before, ranging all the way from 5 to 30 
per cent with mill and factory by-products and from 50 to 70 per cent with straw, 
to get reasonable starch values. 

The system of valuing feeds on the basis of starch values, or starch equivalents, 
is widely used in Germany and also in Great Britain, but in the United States the 
net energy values, expressed in therms, are commonly employed by those who desire 
to compute rations according to the net energy system. 

96. Scandlnavlau feed-unit system of valuing feeds. — A system of feed equiva- 
lents, based mainly on the experiments with dairy cows and swine by Fjord and 
his successors in Denmark and the investigations of Hansson in Sweden, has been 
widely used in the Scandinavian countries.23 It has been employed especially by 
the cow-testing associations for measuring the relative values of different feeds and 
the productive efficiency of various herds and of individual cows. For the reasons 
pointed out later, it has never been used widely in the United States. 

In the feed-unit system the value of the different feeds is compared with the 
value of 1 lb. of standard grain feed, such as corn and barley, which are taken as 
the unit of value. 

The feed-unit value for any other feed is the amount of that feed which is 
estimated to have the same productive value as 1.0 lb. of corn or barley. For 
example,. the feed-unit value of cottonseed meal for dairy cows is given as 0.8 lb. This 
means that, according to the estimate, it requires 0.8 lb. of cottonseed meal to equal 
1.0 lb. of corn or barley in productive value. Similarly, the feed-unit value of wheat 
bran, oats, dried beet pulp, or malt sprouts for dairy cows is given in this system 
as 1.1 lbs. This indicates that 1.1 lbs. of one of these feeds will be required to equal 
1.0 lb. of com or barley. 

The feed-unit values for a few other typical feeds for dairy cows are: linseed 
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meal, distillers’ dried grains, eorn gluten feed, and soy beans, 0.9 lb.; alfalfa hay, 
clover hay, 2.0 lbs. ; timothy hay, prairie hay, 3.0 lbs. ; corn silage, 6.0 lbs. ; turnips, 
mangels, wet beet pulp, 12.0 lbs. The feed-unit values of feeds for pigs and for horses 
differ from those for dairy cows to some extent, in accordance with the estimated 
productive values of the individual feeds for each class of stock. 

The feed-unit values are not true expressions of net energy, for in this system 
feeds rich in protein are given a higher value than feeds low in protein which furnish 
the same amount of net energy. Thus, as has been mentioned before, the feed-unit 
value of cottonseed meal is 0.8 lb. and that of linseed meal and corn gluten feed, 0.9 
lb. This means that it is estimated that it takes only 0.8 lb. or 0.9 lb., respectively, 
of these feeds to equal 1.0 lb. of corn or barley in x)roductive value. 

However, the actual net energy values of these i)rotein-rich feeds are probably 
slightly lower than the net energy values of corn or barley. When these protein sup- 
plements are added to a ration that already contains an abundance of protein, each 
pound will not have a higher value than a pound of corn or barley. 

Similarly, in the feed-unit system timothy hay is rated 50 per cent below clover 
or alfalfa hay. If added to rations too low in protein, feeds rich in protein have a 
higher value than those supplying an equal amount of net energy, but which are low 
in protein. However, when the ration already contains plenty of protein, any addi- 
tional amount will have no higher value for the formation of fat or the production 
of milk or work than an equal amount of net energy supplied by carbohydrates or fat. 

The high net energy value assigned to protein in the feed-unit system is un- 
doubtedly the result of the character of the rations employed in the experiments in 
which the feed-unit values were determined. In the Scandinavian countries there is 
a shortage of protein in the home-grown feeds, and considerable amounts of protein 
supplements are imported. Therefore, the common rations are often rather low in 
protein. When added to rations which are somewhat below the optimum in protein 
content, 1.0 lb. of a protein supplement will manifestly have a higher productive value 
than 1.0 lb. of corn or barley. 

The conditions in the various parts of the United States are much more diverse 
than in the Scandinavian countries. In the corn belt there is commonly a shortage 
of protein in the farm-grown feeds. On the other hand, in the alfalfa districts of 
the West, the shortage is often one of carbohydrates, and not of protein. Similarly, 
in the cotton belt of the South cottonseed meal is frequently cheaper per ton than 
grain. Under these latter conditions, protein-rich feeds obviously do not have a higher 
feeding value than corresponds to the amounts of net energy or of total digestible 
nutrients that they provide. 

The feed-unit system has been developed in a comparatively small region, where 
similar crops are grown on the various farms and the price of purchased feeds is 
uniform throughout the entire district; hence this difficulty has not arisen there. As 
is pointed out in Chapter X, no arbitrary values for feeding stuffs, expressed in terms 
of feed units, money, or other fixed units, can be devised that will hold good under 
such widely differing conditions as are found in the different sections of the United 
•States. 


QUESTIONS 

1. Show, by examples, why the information gained by extensive feeding experiments 

is the most reliable method of estimating the relative value of different 
feeding stuffs for the various classes of stock. 

2. Define digestion coeffleient. How are the digestion coefficients determined directly, 

and also by difference, in digestion trials? 

3. Discuss the relative digestibility of feeds low in fiber and of those high in fiber. 

4. Define total digestible nutrients. State how the amount of total digestible nutrients 

is computed. 

6. Define nutritive ratio and show how it is computed. What is meant by the term 
narrow nutritive ratio; the term wide nutritive ratio? 
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6. Discuss briefly some of the limitations of digestion trials. 

7. Describe a respiration apparatus. How can the gain or loss of protein and fat to 

the body be determined in a respiration experiment? 

8. How does a respiration calorimeter differ from a respiration apparatus? 

9. Deflne by means of equations metabolizable energy; net energy. 

10. Through what 4 different means is energy lost when a cow eats corn grain ? Why 

is the net energy value of corn grain much higher than that of timothy hay?. 

11. What is meant by the terms heat increment; work of digestion? 

12. Why may considerable straw be fed advantageously to an idle horse, but not to 

one at hard work? 

13. Why does not the net energy value of a roughage measure its value for maintain- 

ing stock in the winter in most sections of the United States? On what 
basis should maintenance rations for such animals be computed? 

14. Discuss the relative usefulness of net energy values y total digestible nutrients , and 

the results of feeding experiments for comparing the values of different feeds. 

15. In what terms are net energy values expressed in the Kellner starch-value system ? 

16. Explain what is meant by a feed-unit, according to the Scandinavian system. Why 

has this system of valuing feeds not been adopted in the United States? 
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Shredding Corn Stover Increases the Feeding Value 
Shredding or cutting stover or dry fodder from corn or the sorghums is usually 
profitable, as the stock then waste much less of it. 




Slop-feeding of Pigs Has Been Largely Discakdiod 

Feeding ground grain and other meals to swine in the form of sloj) was 
formerly common. However, experiments have ])roved that just as oflieiont 
results are secured when the same f(^eds are given dry, and much bother is s:t\’('d. 



Self-feeding Concentrates to Pigs Saves Much Labor 

The self-feeder has largely displaced the slop bucket in swine feeding. The 
self-feeding of dry concentrates not only saves labor, but also actually saves 
feed, in comparison with hand-feeding. In addition, it is more sanitary than 
slop-feeding. (See Chapter XXXV.) 



CHAPTER IV 

FACTORS AFFECTING THE VALUE OF FEEDS 
I. The Preparation of Feed 

97. When does preparation of feed increase the nutritive value? — 

It is of much financial importance to stockmen to know whether any 
particular method of preparing feed for farm animals is actually eco- 
nomical. In other words, for a certain class of stock does it pay to grind, 
crush, cut, soak, cook, or ferment the grain or the roughage ? Extrava- 
gant advertising claims are frequently made concerning the supposed 
savings that will result from the method of preparation that is being 
advocated. Therefore, before spending money for equipment, it is highly 
important that a farmer have unbiased information about such prepara- 
tion of feed. 

It is often assumed that by grinding, cutting, or cooking feeds much 
labor is saved the animal, and its output of flesh, milk or work thereby 
increased. This idea is based on the theory that the less work the animal 
does in mastication and digestion, the greater will be the amount of nu- 
trients left for useful production. 

However, this is apparently not true. The muscles of the body do 
not grow strong through idleness, and activity and exercise are necessary 
for health and strength. Likewise, the organs of mastication and diges- 
tion should be kept working at their normal capacity. Making feeds so 
fine and soft that they can be swallowed with little chewing, not only 
fails to pay for the cost of such preparation, but it may actually lower 
the value of the feed. 

The value of grinding, crushing, or cutting feed depends on the 
character of the particular feed in question and also on the kind of ani- 
mal to which it is to be fed. Therefore the economy of these methods 
of preparing feed for each class of stock is discussed in detail in the 
respective chapters of Part III. In this chapter there are discussed only 
the general principles that apply to the various classes of feeding stuffs 
and to the different kinds of farm animals. 

In some cases, feeds that are unpalatable to stock will be consumed 
readily if they are ground and mixed with those that are well liked. For 
example, rye gives better results with most classes of stock if it is mixed 
with more palatable grains. 

To induce animals that are being fitted for show to consume a little 
more feed than they might otherwise, the grinding of grain, the chopping 
of hay, or the soaking of feed may sometimes be helpful, even though the 
expense of such preparation would not be justified for other stock. There 
will naturally be more saving in grinding feed for animals with poor 
teeth than for those that can chew their food normally. 

98. Grinding grain or other seeds. — In the case of grain or other 
seeds, grinding, crushing, or soaking is usually profitable only when the 
particular animals fail to chew the seeds thoroughly. Seeds that escape 
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mastication may pass through the digestive tract without appreciable 
digestion, and the nutrients are lost. Whether it will pay to grind grain 
for any class of stock is therefore a problem that can be determined only 
by feeding experiments. 

Such preparation may be advantageous for very young animals, be- 
fore their teeth are well developed, but later it may not be beneficial. 
Also, in certain instances animals chew their feed less thoroughly as they 
grow older, and the grinding of grain is then advisable, even though it 
may not have been worth while for the same animals when somewhat 
younger. 

For example, after they are a few weeks old, calves chew com or 
oats thoroughly up to about 6 or 8 months of age, and there is hence no 
advantage in grinding these grains for them. After this age, it usually 
pays to grind the grains. Similarly, growing and fattening pigs chew 
corn with such thoroughness up to the usual market weights, that it does 
not generally pay to grind it for them. However, older pigs chew com 
less thoroughly, ^nd therefore the saving through grinding is greater. 

In general, sheep masticate their feed the most efficiently of all the 
larger farm animals. As a result there is generally no advantage in 
grinding grain or other seeds for them, except in the case of seeds that 
are unusually small or hard. All grains should commonly be ground for 
dairy cows. Grain should also be ground for beef cattle, with the ex- 
ception that it does not pay to grind com for them if pigs follow the 
cattle to salvage the unmasticated com kernels in the manure. All grains 
except com and oats should be ground or crushed for horses and mules. 

99. Fineness of grinding; crushing or rolling vs. grinding. — Grain 
should be ground only to a medium degree of fineness for stock. In other 
words, it should be ground so that it is gritty, and not mealy or fioury. 
Fine grinding not only takes more time and power, but it often actually 
makes the grain less palatable, on account of its dusty nature. 

It was found in Indiana experiments that the cost was over twice as 
much for fine grinding of oats as for medium grinding.^ In Wisconsin 
trials it took nearly four times as much power for fine grinding of barley 
as for medium grinding.* With corn, the power consumption was about 
twice as great for grinding to a fine, floury meal as for grinding to a 
medium-&e, gritty meal. In experiments with dairy cows and also with 
pigs, the medium-fine barley produced better results than that ground 
more finely. 

The cost of grinding is somewhat less when grain is merely cracked 
than when it is ground to a medium degree of fineness. However, the 
utilization of the cracked grain is enough lower to make medium-fine 
grinding preferable. 

The relative merits of crushing or rolling grain, compared with 
grinding, have been much discussed. Rolled grain is preferred by many 
horsemen to ground grain, probably because it is more bulky and per- 
haps somewhat less apt to cause colic. For fattening cattle, on the other 
hand, a mixture of ground wheat and oats produced better gains in an 
Illinois trial than a mixture of the same grains which had been rolled.® 
The rolled feed was so bulky that the cattle failed to eat as much as 
was desired. 

When grain screenings, which consist to a considerable extent of 
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weed seeds, are fed to stock, many of the smaller seeds may pass through 
the digestive tract unchewed and alive. Fine grinding of such screen- 
ings is therefore desirable to prevent infesting the field with weeds 
through the manure. 

100. Grinding or- cutting hay or other roughage. — In the case of 
hay, stover, and straw, there are no hard seed coats to be broken. There- 
fore the ordinary chewing by livestock tears the forage into particles 
that can readily be penetrated by the digestive juices. Hence additional 
expense for grinding or cutting of such roughage is usually advisable 
only if it induces animals to eat coarse, stemmy portions that they would 
otherwise waste ; or if they will consume a greater total amount of the 
roughage than when fed without the preparation. 

In general, for dairy cows, beef cattle, and horses, it does not pay 
to go to additional expense to cut or grind hay of such quality that it 
will be consumed with but little waste. If the long hay is not fed in 
mangers that prevent undue refuse, there may be considerable saving 
in cutting or grinding it. For example, in the West fattening lambs 
are commonly fed in open lots, and the alfalfa hay is frequently put 
on the ground, simply being rolled up against the fence of the feedlot. 
Under such conditions there is a considerable wastage. It is therefore 
not surprising that the trials reviewed in Chapter XXXII show that 
cutting or grinding the hay makes a suflScient saving to justify the 
expense. 

If hay is coarse and stemmy or otherwise of poor quality, there 
will be much more advantage from cutting it than with hay of good 
quality. Not only will the wastage be reduced, but also the stock will 
usually eat a greater amount of such roughage if it is cut. 

In the case of corn or sorghum stover, it usually pays to cut or shred 
it to lessen the refuse, and also because the waste is then much better for 
bedding. Cut, shredded, or ground stover or fodder will heat or mold in 
storage unless thoroughly dry. For this reason, in humid districts such 
roughages frequently cannot be kept for more than a few days, even in 
cool weather. 

For cattle and horses cutting hay is preferable to grinding it. Not 
only is much less time and power required to cut it by means of a silage 
cutter or a special hay cutter, but also the cut hay is actually more 
desirable than hay ground to a meal. The ground hay is often so dusty 
that it is disagreeable to handle in the bam, and it is often less palatable 
to stock than cut hay. 

In addition, the fine grinding of hay does not increase its digesti- 
bility for cattle, and it may even decrease it. In an experiment with a 
steer at the Pennsylvania Institute of Animal Nutrition finely-ground 
alfalfa hay was less digestible than cut hay, probably due to a suppression 
of rumination.^ Also the ground hay did not have any higher net energy 
value than the cut hay. 

If it is desired to feed com fodder to cattle without removing the 
ears, or to feed sorghum fodder without removing the heads, it may be 
desirable to grind the fodder in a roughage mill that will crack most of 
the grain and prevent it passing through the animals unchewed. How- 
ever, as is shown in later chapters, the crop ^nerally has a considerably 
higher value when fed in the form of silage instead of as ground fodder. 
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Recently many farmers have adopted the practice of chopping hay 
as it is stored in the barn by running it through a silage cutter or a 
special hay cutter, equipped with a blower. This method of handling 
hay is discussed in Chapter XI, and the precautions that should be taken 
in the storage of cut hay are emphasized. Often hay can be thus stored 
in a barn at little or no more cost than by the usual methods of storing 
the uncut hay with a hay fork or hay sling. 

101. Mixing cut or ground roughage with concentrates. — Claims 
have often been made that the value of a ration will be greatly increased 
if the roughage is cut or ground and mixed with the grain or other con- 
centrates. Assertions are made that such mixtures are digested more 
completely than when the roughage and the concentrates are fed sepa- 
rately. In spite of these claims, the experiments reviewed in Part III 
show in general that such mixing of the feed does not increase its diges- 
tibility or its nutritive value. Farm animals have digestive systems 
which mix very thoroughly the feeds they eat. 

However, 'in special cases the mixing of roughage with grain may be 
desirable from other standpoints. For example, horses are apt to have 
colic if fed a heavy grain, such as ground wheat or barley, as the only 
concentrate. Mixing with the ground grain a small proportion of a bulky 
feed, such as chopped or ground hay, ground oats, or wheat bran, will 
largely prevent the trouble. Lambs fed a very liberal allowance of a 
heavy feed, like com, so that they will fatten rapidly, often suffer from 
digestive troubles. Mixing chopped or ground hay or some other bulky 
feed with the grain aids in preventing such difficulties. 

It is highly desirable, when pigs are not on pasture, that they eat 
some legume hay to provide vitamins A and D. If legume hay, even of 
good quality, is fed uncut in a rack, young pigs will frequently not eat 
any appreciable amount. It is therefore advisable to mix about 5 per 
cent of chopped or ground legume hay in their concentrate mixture in 
order to force them to eat it. 

102. Cooking or steaming feed. — Many years ago it was firmly 
believed that coolung or steaming feed greatly increased its value. Care- 
ful trials have shown, however, that in general such preparation of either 
grain or roughage does not increase its digestibility or its nutritive value, 
and it may decrease the digestibility of the protein.® In a recent Ohio 
test, for example, steaming alfalfa hay and corn stover for fattening 
cattle decreased the gains and reduced the profit, even though no charge 
was made for the fuel or the labor in steaming the feed.® 

Though cooking feed for cattle was abandoned years ago, it is still 
occasionally done for swine. Fortunately this question has also been 
settled by numerous tests at several experiment stations, as is pointed 
out in Chapter XXXV. These experiments showed that instead of there 
being a gain from cooking feed, there was a loss in most cases. The only 
exceptions are a few feeds, such as potatoes and field beans, which can 
be fed satisfactorily to swine only when cooked. Soybeans also give 
better results in swine feeding when cooked, and soybean oil meal which 
has been thoroughly cooked in the manufacturing process is preferable 
to raw-tasting meal for swine. 

108. Soakiiig feed; feeding slop. — ^When grain with small or hard 
kernels cannot be conveniently ground or crushed, it may be advisable 
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to soften it by soaking before feeding. Care should be taken that such 
soaked grain does not become stale by long standing. Old com often 
becomes hard and flinty in summer and sometimes causes sore mouths in 
cattle or other stock if fed whole. It should then be ground or soaked. 

Many farmers still feed ground grain and other meals to their hogs 
in the form of slop, believing that slop-feeding produces much better 
results than dry-feeding. It is pointed out in Chapter XXXV that gen- 
erally just as satisfactory results are secured when the same feeds are 
given dry, and much labor and bother is saved. 

104. Fermenting, pre-digesting, malting, or sprouting feeds. — 
Prom time to time various processes of fermenting or pre-digesting feeds 
have been exploited by clever promoters. Claims have been made that 
these processes would save one-third to one-half the feed usually sup- 
plied livestock and would result in even better production than normal 
rations. In these methods the roughage is chopped, treated with a solu- 
tion containing the ^ ‘ converter, ^ ’ and then allowed to remain in a tank 
or other container for several hours, where it undergoes fermentation. 
In some of the methods the concentrates must be mixed with the chopped 
roughage. 

The converter, which usually contains malt, yeast, etc., is supposed 
to pre-digest the feed and cause other changes. In one process it was 
even claimed that the converter would change the carbohydrates into 
protein ! 

Experiments were conducted by the Ohio and Wisconsin Stations 
and by the Canadian Department of Agriculture in which three of these 
processes were carefully tested.^ Dairy cattle, fattening cattle, and work 
horses were used in the investigations. In none of the experiments did 
these expensive methods of feed preparation cause any saving of feed 
or result in increased production. In the Canadian trials it was found 
that the fermentation of the roughage resulted in an actual loss of 20 
per cent of the protein and 12 per cent of the carbohydrates in the feed. 

In an Ohio test malting the entire ration for dairy cows did not 
improve it.® Likewise, in a Wisconsin trial malted corn fodder, includ- 
ing the ears, was decidedly inferior to corn silage.® Many years ago it 
was concluded from English experiments that the malting of barley for 
dairy cows or fattening cattle decreased its value, instead of increasing 
it.^® This was due to the fact that some of the nutrients, chiefly starch, 
are oxidized in the process of germination. 

Before spending money for equipment for any method of ferment- 
ing, pre-digesting, or malting feed, the wise farmer will consult the 
experiment station or agricultural college in his state. 

Recently a method of sprouting grain, called the “Spangenberg 
process,’’ has been advertised as ‘‘an 8-day method of growing succulent 
nutritious livestock food in cabinets without the aid of soil or sunlight.” 
The grain is first soaked and then sprouted on trays in a cabinet, a nu- 
trient solution being supplied. In a magazine article it has been inferred 
that such processes will do av/ay with the present type of crop produc- 
tion. This entirely disregards the fact that organic matter is made by 
plants only through the action of sunlight on chlorophyll. 

In English tests there was a loss of 25 per cent of the dry matter in 
grain in the process, instead of a gain.^®“ Such sprouted com was worth 
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no more for dairy cows than silage or green kale. It is advertised that 
in the process 10 lbs. of com will ‘‘grow to 40 lbs. of health succulent 
food. ’ ^ However, this increase is due to the increase in water, and is not 
an increase in dry matter. 

It is shown later that sprouted oats, which has sometimes been 
recommended as a cure for sterility in cattle, has not produced decisive 
results. (633) The purchase of equipment for sprouting grain does not 
therefore seem wise, unless at some future time impartial investigations 
have definitely proved that such feed is superior to the common stock 
feeds. 

II. Factors Influencing the Nutritive Value of Feeds 

106. Differences in the composition of feeding stuffs. — Except in 
the case of feeding stuffs which have undergone changes in composition 
in recent years, the figures in Appendix Table I are averages of prac- 
tically all complete analyses of American feeds that have been reported 
by the experimepjt stations, the feed control laboratories, and the United 
States Department of Agriculture. It is obviously important to leam 
how much the actual composition of any particular lot of a given feed 
may vary from the average shown for it. Lack of space prohibits any 
detailed discussion of this question, but the following summary will 
give a general idea of the range in composition of typical feeding 
stuflfs.^^ 

From this summary it wiU be evident that average figures for the 
composition of any feeding stuff are but approximately correct when 
applied to a particular lot of the feed. This likewise applies to any 
expression of its nutritive value, whether stated in terms of digestible 
nutrients or of net energy. In other words, different lots of any feeding 
stuff vary in feeding value, the same as different samples of coal vary 
in fuel .value. 

Owing to the expense of obtaining chemical analyses, it is out of 
the question for any but the most extensive feeders to have their par- 
ticular feeds analyzed, just as only the large manufacturer can afford 
to have samples of coal analyzed to determine their fuel value before 
purchasing. With the cereals and the roughages most stockmen must 
therefore rely on that average given in tables of digestible nutrients or 
of net ene|*gy values which corresponds most closely in his judgment to 
the feed at hand. 

In purchasing commercial concentrates it is now fortunately possible 
in most sections of the country to secure standard brands, whose com- 
position is fully guaranteed by the manufacturer. 

106. Differences in water content. — Obviously the amount of mois- 
ture in grain or any other feed directly affects its nutrient content. 
Of the cereals, com commonly varies most in water content. Therefore 
separate averages are given in Appendix Table I for dent corn of the 
various Federal grades, which are based largely on the water content. 

Such roughages as com fodder, com stover, sorghum fodder and 
sorghum stover also vary widely in water. For example, analyses of 
com fodder and com stover show a water content ranging from over 
50 per cent in field-cured material in wet seasons, down to 10 per cent 
or less in arid regions or when cured under cover in a dry season. 
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To show the difference in nutritive value of these extremes it may 
be stated that corn fodder or stover containing 10 per cent water will 
carry 80 per cent more nutrients per 100 lbs. than a sample of the same 
forage containing 50 per cent water ! To overcome this error so far as 
possible, separate averages are given for very dry and for ordinary 
field-cured samples of these feeds in Appendix Table I. 

107. Differences in composition of roughagea. — Roughages are 
more variable in composition than most concentrates. Their composition 
may be greatly affected by the stage of maturity; the water content; 
the amount of plant food in the soil, especially nitrogen, calcium and 
phosphorus ; and, in the case of hay and other cured forage, by weather- 
ing, shattering of the leaves, or leaching during the curing process. 

On account of the great differences in the composition of the same 
variety of hay or other forage, separate averages are given in Appendix 
Table I for the various grades or qualities of the most important rough- 
ages, wherever sufficient data are available. The effects of various fac- 
tors on the composition and feeding value of hay and other roughage 
are discussed in some detail in Chapter XI. 

It is there pointed out that there may be more actual difference in 
the feeding value of two lots of the same variety of hay than there is 
between hay of two entirely different kinds. For example, two loads 
of alfalfa hay may ^differ more in value than a load of alfalfa hay and 
another of timothy hay. 

108. Differences in composition of grains. — The climate and the 
variety are the most important factors influencing the composition of 
the grains. It is shown in Chapter XVII that there is a wide variation 
in the percentage of hulls in oats, and therefore in the fiber content and 
the feeding value of the grain. Oats with shrunken kernels may be 
fully one-half hulls, while there should not be over 30 per cent of hulls 
in grain of good quality. Barley also varies in percentage of hulls, 
though not so much as oats. 

The protein content of wheat, oats, and barley is affected very 
materially by climate, and to a much smaller extent by the variety 
and other factors. It is pointed out in Chapter XVII that these grains 
are especially low in protein when grown in certain districts of the 
Pacific Coast region. Separate averages are therefore given in Appendix 
Table I for these grains from certain sections of the country. • 

The composition of com grain is affected by climate much less than 
that of these small grains, provided the crop matures. Fraps has shown 
that under Texas conditions in seasons with abundant rainfall from 
January to June, the protein content of corn is apt to be slightly less 
than in dry seasons.^^ 

Samples of corn and wheat from the same region may vary 10 per 
cent and sometimes even more in their content of protein or fat.^® 

The nitrogen-free extract is less variable. 

109. Differences in composition of by-product feeds, — Many of the 
milling and other by-products are composed of a mixture of various 
portions of the grains or other seeds, and these portions may differ 
widely in value. Therefore a particular by-product may differ to a 
considerable extent in composition, depending on the exact process of 
manufacture. For example, the composition and the nutritive value 



66 


FEEDS AND FEEDING 


of such feeds as buckwheat feed and oat mill feed depend on the pro- 
portions of hulls and of the more nutritious by-products from the kernels 
of the seeds. Averages are therefore given in Appendix Table I for the 
various grades of by-product feeds, where there is a marked difference 
in their composition. 

110. Control of commercial feeding stuffs. — Nearly all the states 
in this country now have laws regulating the sale of commercial feeds. 
The inspection and regulation of commercial feeds under these laws are 
of great benefit, not only to stockmen but also to honest and conscientious 
feed manufacturers. In most states the laws require that each brand 
of commercial feed sold in the state be licensed, and that the chemical 
composition and the various ingredients be definitely guaranteed. 

Comnionly, there must be attached to each sack of the feed a tag 
stating the guaranteed composition and the exact ingredients which are 
contained in the feed. Sometimes the guarantee required by the law 
covers only the percentages of protein and fat, but more usually the 
manufacturer must guarantee that the feed contains at least the per- 
centages of protein and fat stated, and also that it does not contain a 
larger percentage of fiber than is guaranteed. 

Samples of the various brands of commercial feeds on the market 
are taken each year by inspectors sent out by the state department 
entrusted with the enforcement of the feeding stuffs laws. These samples 
are analyzed chemically to determine whether the composition conforms 
to the guarantee. They are also examined by a skilled microscopist to 
find whether the ingredients actually present in the feed are the same 
as those guaranteed. In case of violation of the laws, prosecution is 
brought against the offending manufacturer or dealer. 

The results of the examinations of each brand of feed are usually 
published in detail by the state department in charge of the inspection 
and control work. These publications supply valuable information to 
the stockman, for they show him whether or not any particular manu- 
facturer is living up to the guarantees he makes concerning the composi- 
tion and ingredients of his various brands of feed. 

111. A guide in purchasing commercial feeds. — In purchasing un- 
mixed commercial feeds, the guaranteed composition should be com- 
pared with the average composition given for the same feed in Appendix 
Table I. It should be borne in mind that the feeds put on the market by 
reliable manufacturers are usually slightly higher in protein and fat and 
slightly lower in fiber than indicated in the guarantee. This is a neces- 
sary precaution on the part of the manufacturer, so that any particular 
lot of feed may not happen to fall below the guarantee. 

If the guarantee of the feed is markedly lower in protein or fat, or 
noticeably higher in fiber than the average shown in Appendix Table I, 
the feed should be viewed with suspicion. Care must also be taken that 
the feed be fresh, that it is free from mold or rancidity, and that it 
corresponds with the descriptions given in later chapters. 

In buying commercial mixed feeds, the precautions mentioned in 
Chapter XIX should be taken. 

112. Importance of keeping safely within the guarantee. — It is ex- 
ceedingly important for the permanent success of any feed manufacturer 
that his feeds at all times conform strictly to the guarantees of chemical 
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composition and ingredients. Only when this is done, can a reputation 
for uniform high quality of product be gained. 

If a mixed-feed manufacturer does not make actual chemical 
analyses at frequent intervals of the ingredients he uses and of his 
mixed feeds, he must take fully into consideration the normal variations 
in the composition of the ingredients. Otherwise, the mixed feeds may 
fall below their guarantees. To be safe, the guarantees for protein and 
fat must be sufficiently below the average composition, and the fiber 
guarantee enough above the average, so that the feeds will always meet 
the guarantees. 

113. Effect of amount of feed eaten on its utilization. — Experi- 
ments have shown that farm animals digest their food somewhat more 
completely when fed a maintenance ration or a scanty ration, than when 
a liberal amount of the same feeds is supplied. This may be due to the 
more rapid movement of the feed through the digestive tract, or to a less 
complete absorption of the digested nutrients when present in large 
amount. 

When the ration contains a considerable proportion of roughage, 
however, the difference is not large. In tests with cattle and sheep, from 
3 to 9.5 per cent more of the dry matter in a definite mixture of feeds 
was digested when the animals were fed only enough for maintenance, 
than when they were fed liberally.^^ When fed hay alone, ruminants may 
digest a full feed as completely as a scanty feed.^*^ 

If e maintenance ration consisting largely of roughage is compared 
with a liberal ration containing considerable grain, the dry matter in the 
liberal ration may be digested fully as well or even better than in the 
maintenance ration.^® This is because much larger percentages of the 
nutrients in grain are digested than in hay or other roughage. 

There is even more difference in the utilization of the digested 
nutrients in liberal and scanty rations than there is in the percentage 
digested. This is well shown in the experiments by Forbes and associates 
which have been mentioned in the preceding chapter.^® They found 
that the net energy value of a feed mixture was 20 per cent less when 
steers were fed 2.5 times as much as they required for maintenance than 
when they received only 1.5 times their maintenance needs. Yet there 
was a difference of only 2.6 per cent in the percentage of dry matter 
digested in the two rations. 

It might seem at first that these differences between the utilization 
of feed on a liberal ration and on a scanty ration would result in a 
greater efficiency of production on the scanty ration. It must, however, 
be borne in mind that an animal can use for the production of meat, 
milk, or work only the nutrients consumed in excess of the amount 
needed for the maintenance of its body. Therefore, as is shown in 
later chapters, if it is fed scantily, it will have available for production 
only a small proportion of the total feed eaten. 

For example, a good dairy cow that is well fed needs about one-half 
her feed merely to maintain her body. She uses the remaining one-half 
for milk production. If she is fed only two-thirds as much feed, she 
will digest the scanty ration somewhat better, but she will still need 
about as much feed as before to maintain her body. Therefore she will 
probably have available for milk production only 30 per cent or less of 
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the total feed she eats. It is of great importance in practical stock 
feeding that this factor usually more than offsets the increased digesti- 
bility and percentage utilization of a scanty ration. 

Even if a slight reduction from full feeding causes a trifle better 
percentage utilization of the ration, as may perhaps be the case with 
fattening pigs, other factors usually make liberal feeding more profitable. 
Just as in the case of a factory which is run below its normal capacity, 
the overhead costs in stock feeding are greater when. an animal is pro- 
ducing at a low rate. For example, the expense per pound of product 
for labor, for housing, and for interest on money invested are all much 
higher when the rate of production is low. 

In certain cases it may be advisable for other economic reasons to 
feed animals less grain or other concentrates than normal. For exaijiple, 
when grain is very high in price in comparison with hay or ^er 
roughage, fattening cattle may return the most profit if their allowance 
of grain is reduced and they are fed all the roughage they will eat. 

Again, it may sometimes be most profltable to fatten meat animals 
more slowly than usual, so as to have them ready for market at a time 
of the year when prices are usually high. These various matters are 
discuss^ in detail in Chapter X and in the chapters of Part III. 

114. Effect of proportion of protein on digestibility. — It has been 
found in numerous investigations that when a ration contains too little 
protein in proportion to the amounts of easily digested carbohydrates, 
the digestibility may be seriously reduced.^^ # 

For example, a study by the author of the results of various diges- 
tion experiments shows that when kafir grain has been fed to ruminants 
in properly balanced rations 81 per cent of the protein, 55 per cent of 
the flber, 92 per cent of the nitrogen-free extract, and 76 per cent of 
the fat were digested, on the average. On the other hand, when kafir 
has been fed in a ration low in protein, only 47 per cent of the protein, 
44 per cent of the fiber, 51 per cent of the nitrogen-free extract, and 
51 per cent of the fat were digested. Similar data might be cited for 
the other grains. 

This depression of digestibility, as it is called, is obviously of much 
economic importance, for it is one 6f the factors causing poor utilization 
of feed on an unbalanced ration that contains too little protein. In the 
case of mature fattening cattle or mature work horses, the actual needs 
of protein for body repair or the making of new protein tissues are 
very small, as is explained in later chapters. However, because of this 
depression of digestibility, it is economical to feed such stock somewhat 
more protein than is needed for their theoretical protein requirements. 
These facts are fully taken into consideration in the Morrison feeding 
standards, which are discussed later. 

The depression of digestibility occurs with ruminants when the nutri- 
tive ratio is wider than about 1 :8 or 1 :10, but with swine the nutritive 
ratio may apparently be even wider before the digestibility is affected. 

One of the reasons for this poorer digestion of feed on such rations 
is that when a large proportion of soluble or easily digested carbohy- 
drates is fed, those bacteria in the digestive tract which normally digest 
cellulose to secure food then attack instead the more readily available 
sugars or starch. Not only is the digestibility of the cellulose, or fiber, 
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consequently lowered, but also that of the crude protein and nitrogen- 
free extract, for the unattacked cellulose cell walls protect the proteins 
and carbohydrates contained therein from the action of the digestive 
juices. 

This depression does not occur when protein-rich feeds are added 
along with the starch or sugar, thus preserving the balance between 
protein and non-nitrogenous nutrients. It is assumed that this is due 
to a stimulation of the bacteria by the addition of more protein, so that, 
invigorated, they attack the fiber of the food again. 

The decrease in the digestibility of protein on a ration low in 
protein is more apparent than real. The addition of non-nitrogenous 
food to a ration causes a greater excretion of protein in the feces. The 
amount of this additional loss depends chiefly on the amount of food 
added. This larger excretion of protein may consist chiefly, not of 
undigested protein, but of protein that has been assimilated, but then 
excreted as a waste. However, from the practical standpoint, the addi- 
tional wastage of protein is just as truly a loss as though it represented 
solely a decrease in actual digestibility. 

The addition of protein-rich feeds to roughages, such as hay or 
straw, does not usually increase the actual digestibility of the roughage. 
However, it may increase the apparent digestibility of the protein. 

In conducting digestion trials to determine the digestibility of feeds 
that are rich in easily-digested carbohydrates, but low in protein, it is 
exceedingly necessary to add a sufficient amount of protein supplement 
to the ration to prevent any depression of digestibility. This is well 
shown in experiments by Holdaway and associates of the Virginia Sta- 
tion.^® In previous digestion trials made by various investigators, the 
protein in apple pomace silage, which is very low in protein and very 
high in easily-digested carbohydrates, apparently was not digested to 
any appreciable extent. On the other hand, when a sufficient amount of 
protein supplement was included in the ration, along with the pomace 
silage, 37 per cent of the protein in the silage was digested, and the 
digestibility of the nitrogen-free extract was also slightly increased. 

115. Effect of proportion of other nutrients. — The addition of molasses to a 
ration fed ruminants may slightly decrease the digestibility. However, Pennsylvania 
trials show that the difference is so slight that it is scarcely appreciable in ordinary 
rations.'® 

Adding fiber to a ration reduces the apparent digestibility of the protein, but 
not its actual digestibility.*® 

The addition of fat to a ration does not increase the digestibility of the other 
constituents. It has been found that feeding fat in excess of 1 lb. per 1,000 lbs. live 
weight or feeding pure fat or oil in unemulsified form may cause digestive disturb- 
anco.2i Salt does not affect digestion, though it may cause animals to eat more food 
and may improve nutrition. 

The addition of dilute acids, such as lactic acid (the chief acid in sour milk and 
in silage) or of sulfuric acid does not influence digestibility. This is important because 
silage contains considerable free acid. 

116. Effect of other factors in feed. — ^If green forage is cured without waste 
and in a manner to prevent fermentation, the mere drying does not appreciably lower 
its digestibility. Ordinarily, however, losses of some of the finer and more nutritious 
parts occur in curing forage, and dews, rain, and fermentations cause changes which 
lower digestibility and decrease the content of nutrients. (See Chapter XI.) Also, 
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more energy is required in masticating dry forage and passing it through the digestive 
tract than in the case of green forage. These facts explain why green forage is some- 
what more digestible and commonly gives better results than dry forage. The long 
storage of fodders, even under favorable conditions, decreases both their digestibility 
and palatability. In the making of brown hay, as is pointed out in Chapter XI, heavy 
losses of nutrients occur. 

A comparison of the digestion coefficients for various kinds of silage with those 
for the green forages from which the silage was made shows that ensiling tends to 
decrease rather than increase the digestibility. The exceedingly favorable results from 
silage feeding are therefore due to the palatability of the silage, its beneficial effect on 
the health of the stock, and the fact that less feed is wasted than when dry fodder 
is fed. 

If a feed is heated to an unduly high temperature in a manufacturing process, 
the digestibility may be considerably decreased, especially that of the protein. Thus, 
it is mentioned in Chapter XVIII that coconut oil meal that has a light color is more 
digestible than that which has been heated so hot that it is dark in color. 

The digestibility of a few feeds is increased markedly by cooking, especially for 
swine. As is pointed out in later chapters, this is the case with beans, soybeans, and 
potatoes for swine feeding. 

117. Effect of miscellaneous factors. — Neither the frequency of feeding, the 
time of watering, nor the amount of water drunk appears to infiuence digestibility. 
Moderate exercise tends to increase digestibility but excessive work lowers it. 

The fiow of saliva and the other digestive juices is checked by fright. On the 
other hand, kind treatment and palatability of food should favorably infiuence diges- 
tion. Under skillful care animals show remarkable relish for their food, and it is rea- 
sonable to conclude that better digestion ensues, though no confirmatory data can be 
given. 

Ruminants — the ox, cow, sheep — digest most kinds of feed about equally well. 
Kellner, however, showed that cattle are able to digest as much as 11 per cent more 
of the less digestible roughages, such as straw, than are sheep. He ascribed this dif- 
ference to the fact that the contents of the last part of the intestine of cattle remain 
more watery and hence are subject to more complete fermentation. The more easily 
digested a feeding stuff is, the less difference will there be in its digestion by these 
various animals. 

The horse and pig digest less fiber than the ruminant, in whose paunch the coarse 
feeds undergo special preparation and digestion. The richer the feed, the more nearly 
do the digestive powers of the horse approach those of other farm animals. Swine 
digest the concentrates fully as well as do ruminants, but make only small use of the 
fiber. 

In general, age does not, in itself, infiuence digestibility, though young farm 
animals cannot utilize much roughage until their digestive tracts are developed. The 
digestive power of old animals is often indirectly impaired by poor teeth, which make 
the proper mastication of their food impossible. 

Breed has no infiuence upon digestibility. Individual animals may, however, show 
considerable difference in their ability to digest the same ration, though ordinarily 
the digestibility of a given ration by different animals of the same kind will not vary 
by more than 3 to 4 per cent. 


QUESTIONS 

1. What general principles determine whether or not it will pay to grind or crush a 

certain kind of grain for a particular class of stock? 

2. To what degree of fineness should grain ordinarily be ground for stock feeding? 

8. Discuss the chopping of hay or other roughage for livestock ; the grinding of hay 

or other roughage. 

4. Under what conditions may it be wise to mix cut or ground roughage with con- 
centrates? 
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5. piscuss the cooking of feed for cattle; for swine. 

6. When would you soak feed for stock or feed slop to pigs? 

7. Discuss the fermenting, pre-digesting, and malting of feeds. 

8. Give an example of the effect of a difference in water content on the value of 

a feed. 

9. What factors affect the composition of roughages? 

10. What is the chief factor affecting the composition of the wheat grain? State its 

effect. 

11. Tell how a farmer should utilize the results of the feed inspection service in his 

state. 

12. Discuss the effect of the amount of feed eaten on its utilization. Should dairy 

cows or fattening stock be fed scantily, in order that they will digest their 
rations most completely? 

13. Discuss the “depression of digestibility^’ caused by a lack of protein in the 

ration. 

14. State the effect on digestibility of: (a) adding molasses to a ration for ruminants; 

(b) adding fat to a ration; (c) adding dilute acids. 

15. Why is green forage usually somewhat more digestible than the same forage after 

field curing? 

16. What is the effect on digestibility of: (a) ensiling green forage; (b) heating 

feed to a high temperature; (c) cooking beans, soybeans, or potatoes for swine? 

17. Discuss the effect on digestibility of time of watering; exercise; kind of ani- 

mal; and age of animal. 
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CHAPTER V 

MAINTAINING FARM ANIMALS 

I. Requirements for Heat and Energy 

118. Maintenance needs of animals. — ^Parm animals are given food 
in order that they may convert it into useful products, such as meat, 
milk, wool, or work. However, before any continued yield of product is 
possible, they must first be supplied with sufficient food for their essen- 
tial life processes. 

The amount of food which is required merely to support the animal 
when doing jno work and yielding no material product, is called the 
maintenance ration. When an animal is receiving a maintenance ration, 
its body will neither gain nor lose in protein, fat, or mineral matter. 
On the average, fully one-half of the feed consumed by farm animals 
is used simply for maintenance, only the remainder being turned into 
useful products. Thus it is highly important to understand the principles 
governing the maintenance requirements. 

To maintain an animal at rest without losing or gaining in weight, 
it must have adequate supplies of the following; (1) Heat to maintain 
the body temperature; (2) energy to carry on such vital functions as 
the work of the heart, lungs, etc.; (3) protein to repair the small daily 
waste of protein tissues; (4) mineral matter to replace the small but 
continuous loss of minerals; (5) vitamins, which are necessary for the 
performance of the life processes; (6) water; and (7) air. As mentioned 
later, it is possible that small amounts of certain fatty acids are also 
needed for maintenance. 

119. Maintaining the body temperature. — The average body tem- 
peratures of the various classes of larger farm animals range from 100.2° 
F. for horses to 103.5° F. for sheep. Since these are temperatures which 
the air reaches only on the hottest summer days, it is evident that heat 
must continuously be produced in the bodies of farm animals to keep 
them warm. 

Heat is produced by all the oxidations which take place in the body, 
no matter whether of food yet within the digestive tract, or of nutrients 
in the muscles or other tissues of the body. It has been shown in Chap- 
ters II a'nd III that considerable heat is generated, especially with 
ruminants, in the fermentations of cellulose and other carbohydrates 
that occur in the digestive tract. The rest of the heat is produced by the 
oxidation of nutrients in the tissues of the body. (62) 

All the energy used up in the various forms of internal work of 
the body is finally changed to heat. Though this energy is lost so far 
as useful production is concerned, the heat formed helps to maintain 
the body temperature. The amount of heat so produced is considerable. 
Even with such an easily digested feed as corn, nearly: one-half of the 
total energy which the digestible nutrients furnish is converted into 

72 



MAINTAINING FARM ANIMALS 


73 


heat in the processes of mastication, digestion, and assimilation. With 
roughages, such as hay and straw, the proportion is much larger. 

However, in the case of animals exercising normally, the larger 
part of the body heat is produced in the muscles, since all muscular 
contraction is caused by the oxidation of nutrients in the muscles. 
Even when the muscles are not actively eontracting, some heat is being 
generated in them. 

When an animal is not moving about or even standing upright, the 
muscles are nevertheless in a state of some tension, and a small amount 
of nutrients must be continually oxidized to produce the force required 
for this tenseness. 

Unlike the burning of fuel in a stove, the oxidations in the body 
take place at a comparatively low temperature. In still another respect, 
the body oxidations differ radically from ordinary burning of fuel. In 
a furnace the wider the draft is opened, increasing the supply of oxygen, 
the more rapid will be the combustion. However, in the body, so long 
as there is a normal supply of oxygen, the rate of burning of the food 
nutrients is independent of the supply of air. Hence the greater intake 
of oxygen in unusually deep breathing will not in itself cause an increase 
in heat production, though the increased muscular work in such breath- 
ing may lead to a slight increase in the production of heat. 

120. Normal “body temperatures of different farm animals — The normal tem- 
perature of different animals of the same species may vary considerably. On the other 
hand, the temperature of an individual animal, if healthy, varies only within a nar- 
row limit, a departure of even one degree from normal with farm animals generally 
indicating some bodily derangement. 

The normal body temperature of mature horses ranges from 98.4®-100.8® P, 
(36.9°-33.2° C.) and averages about 100.2® P. For mature cattle the range is from 
100.4®-102.8° P. (38.0®-39.3® C.) and the average about 101.5® P. The range of 
normal temperature is greater in sheep and swine than in horses and cattle. In sheep 
the range is 101.3®-105.8® F. (38.4®-41.0® C.) and the average about 103.5® F. In 
swine the range is 100.9®-105.4® F. (38.2®-40.7® C.) and the average about 102.6® F. 

121. Eegulation of body temperature. — Not only must heat be con- 
tinuously produced in the body, but the temperature must be kept con- 
stant under varying external conditions and with supplies of food 
differing from day to day in amount and heat-producing power. This is 
done, first of all, by regulating the loss of heat from the body, which is 
called physical regulation. In cold weather insufficient heat may be 
generated in the normal processes of the body to maintain the tempera- 
ture, and then there is an involuntary rise in the production of heat 
by increasing the oxidations of nutrients in the tissues. This is called 
chemical regulation. 

The most important means of regulating the loss of heat is by vary- 
ing the circulation of the blood near the surface of the body. When 
the body temperature rises, more blood flows to the capillaries of the 
skin, increasing the loss of heat by radiation and conduction from the 
surface of the body. It is this which causes the flushing of the skin 
commonly observed when one becomes heated. This means pf regulation 
may be compared to opening the windows when a room becomes too 
hot. 

If this means of control is not sufficient to keep the body tempera- 
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ture normal, sweat is produced, the evaporation of which cools the sur- 
face of the body. If the animal has only a few sweat glands, as in the 
case of swine or dogs, it will begin to pant. This increases the loss of 
heat by the vaporization of water from the lungs and mouth, and also 
increases the loss of heat through warming the large amount of air 
breathed in and out. The dog will not only pant, but also will extend 
his tongue so as to expose the wet surface to the air, in order to 
increase the loss of heat by the evaporation of water. 

In addition to these means of regulating the loss of heat, the cloth- 
ing of man, and the hair, wool, feathers, or thick skin of animals check 
and control its loss from the body. Also, when an animal is sleeping, 
it will tend to curl up if it is cold and to stretch out when it is hot, 
thus decreasing or increasing the amount of body surface exposed. 

Even when an animal is not visibly sweating, a considerable part of 
the heat loss is through the evaporation of water from the surface of 
the body in the form of insensible perspiration, in which there is no 
visible sweat on the skin. From studies of milk cows at the New Hamp- 
shire Station, Ritzman and Benedict concluded that insensible perspira- 
tion was the safety valve by which the animal eliminated excess heat 
under high pressure of metabolism.^ 

In Illinois tests with steers Mitchell and Hamilton found that the 
percentage of heat lost by the vaporization of water (including the loss 
both from the skin and from the lungs) increased as the temperature 
rose.2 Even at an air temperature of 69® P., which is not unduly warm, 
as much as 40 to 50 per cent of the total loss of heat was by this means. 

When the temperature of the air is too cold, the chemical method 
of temperature regulation must be brought into action. The oxidation 
of nutrients in the tissues must be increased solely to keep the animal 
warm. This may be accomplished more or less voluntarily in part, but 
it may also be entirely involuntary. On cold days, for example, animals 
eat more heartily and take more exercise than in warm weather, both of 
which result in the production of more heat. 

A low external temperature also causes an involuntary stimulation 
of the oxidations going on in the tissues, which may even become visible 
in the shivering of the chilled animal. This is the outward manifesta- 
tion of increased muscular contractions, started to produce more heat. 

The temperature of the air below which the oxidations in the body 
must be increased to keep an animal warm is called the critical tempera- 
ture for that animal. The exact temperature will depend on the species 
of animal ; on its coat of hair, wool, or feathers ; on its degree of fatness ; 
and, especially, on how liberally it is being fed. 

In the case of a fattening animal given all it will eat, much heat is 
unavoidably produced in the mastication, digestion, and assimilation of 
the ration. Except in unusually cold weather, the heat thus formed is 
suflfieient to keep the animal warm. 

For this reason, except in cold climates, cattle and sheep fattened in 
winter will make just as economical gains when fed in an open shed as 
when housed in a warmer stable. The critical temperatures for farm 
animals with winter coats and which are fed maintenance rations are 
probably somewhat below 60® P. For fasting animals with normal coats 
the critical temperatures usually range between 60® and 70® P.® In the 




ONE-iiAf.F Theiu Feed Is Needed for Maintexance 
Even good dairy cows require for the mere maintenance of their bodies 
about one-half the total feed they consume. Only the remainder can be used 
for milk production. 



Fattening Stock Do Not Need Warm Shelter 
Heavily-fed fattening steers need no winter shelter except an open shed, 
for an abundance of heat is unavoidably produced in the digestion of their 
liberal rations. On the other hand, animals being carried through the winter 
on scanty rations may require less feed in warmer quarters. 



Farm Animals Should Have Plenty of Warper 

All classes of stock should have all the water they will drink. ITorscjs doing 
hard work in summer need an especially liberal supply, and they an' bc'nefited 
by watering them at reasonably frequent intervals. 



A Fine Herd in a Well-Ventilated, Well-Lighted Stable 
An efficient ventilation system is important in closed stables. Likewise, the 
stable should be well lighted, and the cows should be housed so that they are 
comfortable. (Jersey herd at Indiana Station, Purdue University.) 
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case of a man wearing ordinary clothing, the critical temperature is about 
49° F., and for swine it is 68° F. or more. 

' Any external conditions that increase or decrease the loss of heat 
from the body affect the critical temperature. For example, wind strik- 
ing the body continuously removes the layer of partially-warmed air 
next to the skin, and thus increases the loss of heat. Therefore a cold 
temperature is felt much more on a windy day, and wind makes hot 
weather less uncomfortable. 

Moistness of the air increases the conducting power of the hair, 
wool, or clothing, and therefore animals feel the effects of damp, cold 
weather much more than of dry cold. In hot weather a high humidity, 
or moisture content of the air, lessens the rate of evaporation of water 
from the body, and therefore the loss of heat. This is why animals suffer 
much more on a humid, or sultry, hot day than on a day equally hot, 
when the air is drier. 

Because the loss of heat is largely controlled by the clothing he 
wears, man has, in some measure, lost his power of heat regulation. 
With many of the warm-blooded animals, however, this power is highly 
developed, and they can adapt themselves to great extremes of external 
temperature. 

122. Energy required for vital functions. — In a maintenance ration 
a certain amount of net energy must be supplied for the various activi- 
ties of the body when it is idle. Even when an animal is not eating 
food or digesting or assimilating a meal, energy is required for the work 
of the heart, lungs, and other internal organs. Also, as has been pointed 
out previously, nutrients are constantly being oxidized in the muscles 
to keep them in a state of tension. 

When an animal is standing, more nutrients must be oxidized than 
when it is lying at rest, as the muscles are under greater tension. If it 
moves about, a still larger amount is needed to furnish the energy re- 
quired for the movements. All of the energy used for these body needs 
is finally transformed into heat, and thus aids in keeping the animal 
warm. 

Experiments have shown that with a mature animal being main- 
tained at rest in the stall the requirement for fuel to keep up the body 
temperature is usually much greater than the amount of net energy 
needed for the internal work of the body organs. For example, to 
maintain the horse at rest only one-third of the total energy of the 
ration need be supplied in the form of net energy, the remainder seiwing 
simply as body fuel. 

Maintenance rations for livestock, except swine and poultry, may 
therefore consist largely of roughages, such as hay and straw, which 
furnish abundant heat, but do not yield much net energy. Since the 
ration must furnish at least a minimum amount of net energy, animals 
cannot be maintained without loss of weight on such a feed as wheat 
straw alone, which furnishes no net energy to the horse and but little 
to the ruminant. 

123. Total digestible nutrients required for maintenance. — Numer- 
ous studies have been made of the amounts of total digestible nutrients 
or of net energy required for the maintenance of animals. One method 
of conducting such experiments is to determine the minimum amount of 
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a suitable ration that will actually maintain the animal over long periods 
of time in a thrifty condition, without gain or loss in weight. In such 
experiments care must be taken that the ration tested contains adequate 
supplies of protein, minerals, and vitamins. 

Unless such investigations are continued for long periods, the results 
may not be entirely accurate. This is because the animal may not de- 
crease in body weight, even when there is some loss of protein or fat, 
because there may be a compensating increase in the water content of 
the body. However, when such experiments are conducted for many 
months and with a sufficiently large number of animals, they provide 
the most reliable data concerning the actual amounts of nutrients re- 
quired for proper maintenance. 

The most extensive of such studies are those of Hills, who conducted 
investigations on the maintenance requirements of dairy cows at the 
Vermont Station over a period of 13 years.^ The experiments included 
tests upon 20 different cows for periods ranging from 391 to 2,701 days. 
From these studies Hills concluded that a ration supplying 6.48 lbs. of 
total digestible nutrients, or 6 therms of net energy per day was suf- 
ficient for the maintenance of the 1,000-lb. dry, non-pregnant cow. 

This is the same recommendation for the maintenance of cattle made 
somewhat earlier by Armsby, based upon his investigations with steers 
and upon a study of the results secured by others. This amount of 
nutrients is somewhat smaller than the 7.925 lbs. of total digestible 
nutrients recommended by Haecker for the maintenance of the 1,000-lb. 
dairy cow, based on his investigations at the Minnesota Station.® 

It has been shown in the previous chapter that a liberal ration is 
not digested and utilized quite so completely as a scanty ration. ( 67 ) 
For this reason, as is pointed out in Chapter XXIV, a cow in milk which 
is fed with the liberality necessary to produce a good yield of milk un- 
doubtedly needs more feed for mere body maintenance than she would 
if she were fed a scanty ration that would be sufficient to maintain her 
weight when dry. ( 796 ) 

The data secured in investigations on the maintenance requirements 
of other classes of stock are summarized in the chapters of Part III. 

Another method of studying the maintenance requirements for energy is to 
determine in a respiration apparatus or a calorimeter the amount of heat produced 
by an animal when at rest, and when a sufficient time has elapsed since the last meal 
so that there is no longer an increased production of heat due to the digestion and 
assimilation of food. This is called the basal metabolism, or the fasting metabolism, 
of the animal. Such determinations cannot be made until considerable time has 
elapsed since food has been eaten, because the heat production of the body is greatly 
increased while food is being assimilated. Thus in New Hampshire experiments dry 
cows produced 50 to 60 per cent more heat on a maintenance ration than on the second 
day of fast.* In determinations of the basal metabolism of humans, the experiments 
are made 12 to 18 hours after the last meal. In the case of farm animals, especially 
Tuminante and horses, a much longer period of fasting is required to reach the same 
state. This is because of the slow passage of feed through their digestive tracts. 
Therefore, what is termed the resting metabolism is sometimes determined, the experi- 
ments being conducted 12 hours after the last meal. This resting metabolism may 
be considerably higher than the theoretical basal metabolism. 

The basal metabolism does not represent the total amount of nutrients or energy 
required for maintenance, but only the minimum amount of energy expended by the 
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animal when at rest and consuming no food. To this amount must be added the 
amount used in the so-called “work of digestion,” which has been discussed in 
Chapter III. (86) Also the amount of energy expended in the normal motions of 
the animal must be added to the basal metabolism. 

From studies at the Missouri Station, Brody and associates have concluded thf^ 
the maintenance requirements of mature animals at air temperatures above the critical 
temperature are about twice the basal metabolism.’ At lower temperatures, as in the 
case of animals exposed to winter temperatures in the northern states, the maintenance 
requirements would be higher. 

124. Maintenance requirements not proportional to weight. — If we 

compare the maintenance requirements for total digestible nutrients or 
energy by animals of various sizes, it is found that they are more nearly 
proportional to body surface than to live weight. For example, a cow 
weighing 1,600 lbs. does not require twice as much total digestible 
nutrients for maintenance as one weighing 800 lbs. Similarly, the 800-lb. 
cow does not require anywhere near eight times as much nutrients for 
maintenance as a sheep weighing 100 lbs. 

This difference is due to two factors : First, the chief loss of heat 
from the body is by radiation and conduction from the body surface. 
Therefore this loss is proportional to the surface. Large bodies have less 
surface per pound of weight than smaller ones. Thus the 1,600-lb. cow 
has much less body surface than two 800-lb. cows. 

Second, as Brody and others have pointed out, the weight of the 
most active tissues of the body (the internal organs, the glands, etc.) in 
animals of different sizes is more nearly propoidional to the surfaces of 
their bodies than to their live weights.® Thus the 1,600-lb. cow does not 
have twice as great a weight of these more active tissues (called the 
active protoplasmic mass) as does the 800-lb. cow. 

It was concluded from earlier investigations that the maintenance 
requirements of animals of various live weights were proportional to 
their body surfaces. These are proportional to the two-thirds powers 
of their live weights (the cube roots of the squares of the live weights). 
From recent studies at the Missouri Station, Brody and associates have 
concluded that the basal metabolism, and therefore the maintenance re- 
quirements for energy or total digestible nutrients, of animals of various 
sizes are proportional to the 0,73 power of their live weights.® Kleiber 
of the California Station has reached similar conclusions.^® 

On the basis of his studies, Brody has presented feeding standards 
for the maintenance of animals of various weights. These data have 
been taken into consideration in the recommendations presented in the 
Morrison feeding standards for the maintenance of the various classes of 
stock. (Appendix Table III.) 

It will be noted that in these standards somewhat more nutrients 
are advised for maintaining the 1,000-lb. horse than for the 1,000-lb. 
cow or steer. This is because idle horses which are being maintained must 
be allowed plenty of exercise, and not be closely confined for long periods, 
or their legs may be injured by inactivity. When allowed to exercise, 
they are much more restless and active than cattle, and therefore use up 
more nutrients per day. 

125. Factors affecting maintenance requirements. — Any of the fac- 
tors, discussed in the previous chapter, which decrease the digestibility 
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or utilization of the food will obviously increase the amount of feed 
required for maintenance. (114-117) Also, any condition that increases 
the oxidation of nutrients in the body tissues will likewise increase the 
maintenance requirements.^^ 

Differences in temperament and activity may produce marked varia- 
tions in the maintenance requirements of individual animals of the 
same size and species, kept under identical conditions. As restless- 
ness causes greater muscular activity, a quiet animal requires less, 
food for maintenance than a nervous, active one. This is one of the 
main reasons why a fattening animal that will ‘‘eat and lie down'' 
makes the most economical gains. This effect of difference in tempera- 
ment also explains why some horses are much “easier keepers" than 
others. 

When an animal that has been more liberally fed is first put on a 
maintenance ration, more feed may at first be required to maintain its* 
weight than later. Apparently, after it has been on the scanty food 
supply for some time, it gets on a more economical basis and is able to 
digest and utilize* its feed more efficiently. However, if an animal is 
unthrifty, because of semi-starvation or illness, its maintenance require- 
ments will be higher than normal. 

An animal requires more feed to maintain its live weight after it is 
fattened than before. This is partly because it is heavier and has a 
larger body surface. Also, the fat condition itself may increase the main- 
tenance requirement per unit of weight or body surface.^^ In very cold 
weather, however, a blanket of fat might reduce the maintenance need, 
by insulating the animal against the cold. 

Young animals require considerably more feed to maintain them at 
constant weight than mature animals of the same size or body weight.^® 
This is due to a higher rate of metabolism and at least partly to their 
greater activity. Males of dairy cattle and swine have higher maintenance 
requirements than females per unit of weight, according to Missouri 
tests.^* Castrated male cattle or sheep had about the same maintenance 
requirements as females. 

As has been mentioned previously, more nutrients must be oxidized 
when an animal is standing up than when lying down. In the case of 
cattle and sheep the increases in heat production when standing averaged 
only about 9 per cent in numerous Missouri tests.^° In other experiments 
the increases have often been much greater, perhaps due to greater rest- 
lessness of the animals when standing.^® 

In the northern states the maintenance requirements of animals are 
generally higher in winter than in summer, unless they are warmly 
housed.^^ Exposure of animals to cold air temperatures increases the 
loss of heat by radiation, especially if they have scanty coats. If their 
coats are wet by cold rain or snow, still more heat is lost, for the cold 
water must be warmed and evaporated by heat generated through the 
burning of food. 

With the well-fed fattening animal, the greater loss of heat through 
these causes may not produce any waste of food, for much more heat is 
being generated in the mastication, digestion, and assimilation of the 
heavy ration than is normally needed to warm the body. In the case of 
animals on a maintenance ration, whose chief demand is for body fuel, 
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such exposure will necessitate an increased consumption of feed to serve 
as fuel. On the other hand, too high a temperature may increase the 
maintenance requirements, for energy may actually be expended in 
keeping the body from becoming too warm. Therefore the maintenance 
requirement may be higher in hot summer weather than in spring or 
autumn. 

126. Source of nutrients during starvation. — When an animal is given no food, 
the heat needed to warm the body, the net energy required to carry on the vital 
processes, and the protein and mineral matter necessary for the repair of the active 
tissues must all come from nutrients previously stored within the body. The small 
supply of glycogen in the liver and muscles is probably first used as fuel, but this is 
soon gone. ±'at is the animaFs chief reserve fuel, stored when food is abundant, 
against times of scarcity, and is therefore the main source of both heat and energy 
•during starvation. 

When the supply of fat begins to fail, the muscles and other protein tissues are 
broken down more rapidly to furnish heat and energy, and the animal finally perishes 
through the impairment of its organs and the lack of body fuel to carry on the 
functions of life. Carnivora, or fiesh-eating animals, withstand hunger longer than 
herbivora. While dogs and cats have lived until their weights were decreased 33 to 
40 per cent, horses and ruminants will die when their weight has been reduced 20 to 
25 per cent. 

Men have survived fasts of 30 to 75 days, and dogs have endured fasts of from 
•90 to 117 days without permanent ill effects. The age of the animal influences the 
time at which death occurs from starvation, young animals losing weight more rapidly 
.and dying after a smaller loss of weight than old ones. 

II. Requirements for Protein, Minerals, and Vitamins 

127. Protein required for maintenance. — The needs of the body for 
heat and energy can be met through feeding carbohydrates and fat. 
However, an abundant amount of these nutrients alone will not prevent 
starvation, for there must also be a supply of protein to replace the daily 
break-down or wear of the protein tissues of the body. Likewise, protein 
must be provided for the growth of the hair or wool and of the skin 
and hoofs, which are all chiefly composed of protein. 

Since protein-rich feeds are generally more expensive than those 
rich in carbohydrates, it is of much importance to know the minimum 
amount of protein needed to maintain animals in good health. Fortu- 
nately, the daily need of protein for mere body maintenance is rela- 
tively small. Thus, it has been estimated that in humans only 0.1 to 0.2 
per cent of the total protein tissues of the body is broken down each day. 
At this rate the entire amount of protein would be replaced in 500 to 
1,000 days. 

While we generally speak of the protein requirements of the body, 
undoubtedly what the body actually needs is not certain proteins, but 
definite amounts of the various essential amino acids. These amino acids, 
as has been stated in Chapter II, are carried from the digestive tract 
to nourish the various body tissues. (60-61) Each tissue selects from 
the mixture of amino acids in the blood the particular amounts and 
kinds of amino acids that it needs. If any excess of amino acids is fur- 
nished by the digested food, the nitrogen is split off as ammonia by the 
liver, and then converted chiefly into urea in the case of most mammals. 
This nitrogenous waste is excreted by the kidneys. The non-nitrogenous 
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residue from the excess amino acids can then be used as a source of heat 
or energy, just as in the case of the carbohydrates. 

It is evident from the foregoing that not only must the food provide 
a sufficient amount of digestible protein for maintenance, but that the 
protein must be of proper quality. In other words, there must be ade- 
quate amounts of each of the essential amino acids. 

The knowledge on this subject is still far too fragmentary to warrant 
estimates of the exact amounts of the various essential amino acids 
required for maintenance or other body functions. All that can be done 
in feeding standards is to advise certain amounts of digestible protein, 
on the assumption that reasonable care will be taken to provide protein 
of a quality that is satisfactory for the particular class of animal. The 
quality or kind of proteins in various feeds and rations is discussed in 
detail in the following chapter. 

128. Determining the minimum protein requirement. — In determin- 
ing the minimum amount of protein needed for maintaining any par- 
ticular class of animals, care must first be taken that they receive 
sufficient carbohydrates and fat to meet the needs of the body for heat 
and energy. If this is not done, some of the amino acids resulting from 
the digestion of the protein will be oxidized as a source of heat or energy. 
Thus the nitrogen will be wasted, and therefore will not be available for 
the repair of the protein tissues of the body. 

Also, feeding an abundance of carbohydrates has a special ‘‘protein- 
sparing^^ effect. In other words, less protein is needed for maintenance 
when the ration contains a liberal amount of carbohydrates. This may 
be due to some ability of the body tissues to synthesize or make certain 
amino acids. Possibly this can be done by combining organic acids 
formed from the carbohydrates, with ammonia or other simple nitrog- 
enous compounds produced in the break-down of body tissues. 

When ample amounts of carbohydrates and fats have been fed, 
animals have been maintained on relatively small amounts of digestible 
protein, without loss of protein from the body. Dry cows and steers 
have even been maintained on only 0.21 to 0.27 lb. digestible protein 
daily per 1,000 lbs. live weight. Armsby, who devoted much study to 
this question, considered such results exceptional, and reported that in 
other similar trials by various investigators from 0.43 to 0.75 lb. of 
digestible protein daily per 1,000 lbs. live weight had been required for 
the maintenance of cattle, with an average of 0.55 Ib.^* On this basis 
Armsby recommended 0.6 lb. digestible protein or 0.5 lb. digestible true 
protein daily per 1,000 lbs. live weight for the maintenance of cattle. 

From extensive investigations at the Vermont Station with dairy 
cows. Hills concluded that 0.6 lb. digestible protein daily is sufficient for 
the maintenance of dry cows which are not pregnant.^® Experiments at 
the Ohio Station and in Germany also indicate that this allowance of 
protein is sufficient for the maintenance of dry, non-pregnant cows.^® 
Obviously cows that are pregnant will need a somewhat larger amount, 
at least during the latter part of gestation, when growth of the fetus is 
most rapid. 

The protein requirements for the maintenance of other classes of 
livestock are discussed in the respective chapters of Part III. The re- 
quirements per 1,000 lbs. live weight for horses are apparently about the 
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same as for cattle, but sheep need more protein on account of the growth 
of the wool. Swine likewise require more protein per 1,000 lbs. live 
weight than do cattle. 

Studies on the protein requirements of animals have also been con- 
ducted by determining the amounts of protein lost from the body on a 
ration containing no protein, but which supplies an abundance of carbo- 
hydrates and fat. On such a ration, the amino acids needed for mainte- 
nance must be secured by a gradual tearing down or wasting away of 
the protein tissues of the body. 

Prom such experiments and from similar investigations of others, 
Mitchell and associates have concluded that the 1,000-lb. animal will lose 
about 0.175 lb. protein daily on a protein-free ration, and that twice this 
amount of digestible protein in the food, or only 0.35 lb., is enough for 
maintenance.^^ This conclusion is based on the assumption that the pro- 
teins in the usual maintenance ration can be used for the repair of body 
tissue with an efficiency of 50 per cent. 

Since it has not been proved by long-time feeding experiments that 
animals can actually be maintained in good health on this small amount 
of protein, the author has preferred not to recommend such small amounts 
in the feeding standards presented in Appendix Table III. Instead, the 
more conservative recommendations of Armsby and Hills have been 
followed. 

Before feeding any class of stock a ration exceedingly low in pro- 
tein, the following should be fully considered. First, in such a ration 
the digestibility of the protein and other nutrients is often seriously 
decreased. (114) This causes a wastage of feed. Also, it is the belief 
of many that a supply somewhat above the minimum promotes the health 
of the animal.^^ 

129. Relation of protein requirements to live weight. — ^Until re- 
cently it has been generally believed that the amounts of digestible 
protein required for the maintenance of animals of various sizes, were 
proportional to their live weights. Thus, it was assumed that the 1,600- 
lb. cow would require twice as much protein for maintenance as an 
800-Ib. cow. 

Recent investigations indicate, however, that the maintenance re- 
quirements for protein may be more nearly proportional to the body 
surface than to the live weight.^^ Brody and associates concluded from 
experiments at the Missouri Station and from a study of other available 
data that the maintenance requirements for digestible protein for mature 
animals of various sizes and species arc proportional to the 0.72 power 
of their live weights.^'^ This was the same trend that was found in the 
case of the energy requirements. However, in the case of growing rats 
the maintenance requirement for protein was more nearly proportional 
to live weight than to the energy requirement or body surface. 

130^ Protein loss in starvation. — To secure information on the requirement for 
protein by various animals, experiments have been conducted in which all feed has 
been withheld for varying lengths of time. When an animal is givTU no food, the 
nitrogen excretion (representing the loss of protein from the body) decreases rapidly 
at first, until the supply of amino acids in the blood and tissues, which have not 
yet been built into body protein, is lowered to a minimum. 

The nitrogen waste in the urine then slowly decreases until it reaches a level 
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that remains quite constant so long as heat and energy are furnished by the body 
fat. When the supply of the latter begins to fail, the muscles and other protein 
tissues must thereafter not only furnish protein for the repair of the vital body 
machinery, but they must also supply the necessary heat and energy; consequently 
they waste more rapidly until death follows. 

We might expect that when protein only is fed to a fasting animal, in an amount 
corresponding to the quantity lost daily during starvation, it would replace the protein 
wasted from the tissues, and the animal thus be brought to nitrogen equilibrium; that 
is, it would excrete as much, but no more, nitrogen than was contained in the food. 
However, when protein is fed under such conditions, the amount of nitrogen excreted 
at once rises, and though the loss of nitrogen from the tissues is reduced, nitrogen 
equilibrium is not reached. 

When practically pure protein is fed, the loss of nitrogen can be stopped only 
if the supply is far in excess of the waste from the starving body. It is assumed 
that this increase in nitrogen waste when protein is fed in such large proportions is 
due to a hooding of the tissues with amino acids, the products of protein digestion. 

When animals are fed exclusively on nitrogen-free nutrients, such as the sugars, 
starches, fats, etc., the wasting away of the nitrogenous tissues of the body, such as 
the muscles, is somewhjit reduced, though not entirely stopped. Therefore, animals 
forced to live on such a diet survive longer than those wholly deprived of food. Yet 
because of the continuous small waste of protein from the tissues of the body, ani- 
mals nourished solely on fats and carbohydrates cannot long survive. 

131, Mineral requirements for maintenance. — The necessity of an 
adequate supply of minerals in maintenance rations has been shown by 
giving animals sufficient food, but food from which the minerals have 
been removed as completely as possible. Even though the rations con- 
tain an abundance of protein, carbohydrates, and fat, the animals will 
die from mineral starvation, and generally the end will come sooner than 
if no food at all is given. 

Mineral matter is found in all the vital parts of the body and in 
^ome mysterious manner the mineral compounds direct and control all 
the life processes. The life centers of all the cells are rich in phos- 
phorus, and the skeleton is largely composed of calcium combined with 
phosphorus. As we have seen, the power of the blood to carry oxygen 
is due to hemoglobin, an iron protein compound in the red blood cor- 
puscles. (62) In the stomach, the pepsin acts only in the presence of 
hydrochloric acid, a compound formed from mineral salts contained in 
the blood. 

When an animal is merely being maintained, it is making no growth 
in skeleton or in protein tissues and is yielding no product. Therefore 
the mineral requirements for maintenance are relatively small, particu- 
larly in comparison with those for growth or milk production. But little 
definite information is available on the requirements for the different 
minerals. There is no question, however, but that common salt should 
ordinarily be supplied, even when livestock are not being fed for pro- 
duction. Care must also be taken that the ration provides the small 
amounts of calcium and phosphorus needed to replace the daily losses 
from the body. The other necessary minerals are usually furnished in 
sufficient amounts by the ordinary feeding stuffs. 

The importance and functions of each of the necessary mineral 
nutrients are treated in detail in the following chapter, and recommen- 
dations are given with reference to the use of mineral supplements for 
the various classes of stock. 
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132. Vitamin requirements for maintenance. — The functions of 
each of the several vitamins are discussed in the following chapter, and 
information is given on the vitamin requirements of the various classes 
of stock, so far as it is available. Most of the vitamin investigations 
have been conducted to determine the vitamin needs for growth, for milk 
production, and for egg production, and but little specific information 
has been secured on the maintenance requirements. 

It is known, however, that mature animals can be maintained in good 
health on considerably smaller supplies of vitamins than are required by 
young growing animals or by mature animals that are producing milk or 
eggs. Nevertheless, to insure against injury due to a lack of these nu- 
tritive factors, one should be sure that even maintenance rations provide 
an ample supply of the necessary vitamins, especially vitamins A and D. 

III. Additional Requirements 

133. Air requirements ; ventilation of stables. — ^While animals can 
go without food for considerable periods, complete lack of air brings 
sudden death, since a continuous supply of oxygen is required for all 
vital processes. (62) There is no lack of oxygen in the air of any 
ordinary stable, even if it is not especially ventilated. However, for 
other reasons an efficient ventilation system should be provided in closi'd 
stables. This will not only make the animals much more comfortable, 
but it will also prevent undue moisture in the barn and will get rid 
of foul odors. Proper ventilation consists in maintaining a comfortable 
stable temperature and a relatively low humidity of the air, without 
drafts in the stable.^® 

We have all experienced the ill effects of poorly-ventilated rooms. 
These effects include depression, drowsiness, headache, and a reduced 
ability to do mental or physical work. It was believed earlier that the 
evil results of a lack of ventilation were due to an increase in the carbon- 
dioxide content of the air and a decrease in the oxygen, and also to a 
poisonous or injurious substance in the air breathed out by animals. 
More recent investigations have proved that these beliefs were untrue. 

Outdoor air contains 20.93 per cent oxygen by volume and only 
0.03 per cent carbon dioxide. The carbon-dioxide content of air can be 
increased to a much higher percentage than occurs in most poorly -ven- 
tilated stables, without causing any appreciable discomfort to stock. 
Likewise the oxygen content of the air can be reduced more than occurs 
in such stables, without producing any observable effect. 

The discomfort experienced in poorly-ventilated quarters is appar- 
ently due, not to the change in the carbon-dioxide or oxygen content of 
the air, but chiefly to an increase in the humidity, produced by the 
water vapor in the air exhaled. Also, in warm weather the air tempera- 
ture may rise to an uncomfortable level, because of the heat given off 
by the animals. 

One of the most important benefits from proper ventilation of a 
stable, along with suitable insulation of the walls, is that it prevents the 
condensation of moisture in the barn. Without a ventilating system in 
a closed stable, water will often condense on the walls and windows to 
such an extent that serious rotting of the timber will result. Also, so 
much water may condense in the hay mows as to cause spoilage. The 
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coats of the animals may also become damp, causing discomfort or even 
disease. 

Dryness checks bacterial growth, while dampness favors it. For 
this reason alone, there is apt to be more trouble from disease when the 
stable is poorly ventilated. 

134. Water requirements. — An abundant supply of water is neces- 
sary for all the vital processes of the body, such as the digestion and 
absorption of food nutrients and the removal of waste from the body. 
As already shown, water is also an agent in regulating the body tem- 
perature, both through the vapor given olf by the lungs and the evapo- 
ration of sweat from the surface of the body. (2, 121) 

Scientists agree that farm animals should generally have all the 
water they will drink. When horses are very warm after working, they 
should not have much water until they cool off. The water should be 
accessible to the stock, so that they can drink whenever they are thirsty, 
or they should be watered at regular intervals. To avoid disease, the 
water should be of good quality and not contaminated. Also, if the water 
is not palatable, animals may not drink enough for the best results. 

All water that is drunk must be raised to the temperature of the 
body, thus requiring heat. Warming cold water taken into the body 
does not necessarily mean that more food must be burned, for animals 
produce a large amount of heat in the work of digesting food and con- 
verting the digested matter into body products or work. Due to this, 
many animals have an excess of heat and the excess may go to warm 
the water they drink, so that no food is directly burned for that purpose. 

However, when animals are watered but once a day they then drink 
a large amount. In winter, if the water is cold, this makes a sudden 
demand for a large amount of heat, which may exceed the amount of 
excess heat being produced in the l3ody. Food must then be burned 
simply to warm the water, even though thereafter an excess of heat 
may be produced in the body. For this reason, feed may be saved by 
allowing animals that are exposed to cold and those fed scanty rations 
to have frequent access to water, or else by warming the water. 

Under normal conditions animals consume a fairly uniform quantity 
of water for each pound of dry matter eaten. If some of the feed is 
succulent, such as silage, roots, or green forage, the amount of water 
that is drunk will be correspondingly reduced. 

When entirely oxidized in the body, 100 lbs. of carbohydrates will 
yield 55.5 lbs. of water and 163 lbs. of carbon dioxide, and fats over 
twice as much water. The nitrogenous compounds yield a little less 
than the carbohydrates, because they are not entirely oxidized in the 
body. This shows that the animal gets some water from the dry matter 
of the food. 

The water requirements of each class of stock are discussed in detail 
in Part III. It is there pointed out that individual drinking cups are 
highly advisable for dairy cows, as they increase milk production and 
save labor. 

136. Saline and alkaline water. — In the drier districts water some- 
times contains so much soluble mineral salts that it is unsuitable for 
stock. It was found in studies by the Oklahoma Station that the limit 
of tolerance depended on the kind of animal, the age, and the season 
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of the year.^® It made little difference whether the total quantity of 
dissolved salts was made up of a single salt or a number of salts. 

It was concluded that 1.5 per cent of total salts in the water was 
about the safe upper limit for satisfactory maintenance. For lactating 
animals the limit was lower. Sheep were able to exist when the water 
contained 2.0 per cent or more of minerals. Animals can become accus- 
tomed to drinking waters that are unsatisfactory at first. If good water 
is accessible, they never choose to drink water that contains a harmful 
amount of minerals. 

136. Are certain fatty acids necessary for farm animals? — Care- 
ful experiments have shown that animals can grow on rations contain- 
ing very small amounts of fat, but which supply sufficient amounts of 
protein, minerals, vitamins, and carbohydrates.^^ Recent investigations 
of Burr and others have shown that, at least for the growth of rats, 
small amounts of certain unsaturated fatty acids (linoleic acid or lino- 
lenic acid) must be present in the food,^ or the animals fail to grow, 
become unthrifty, and die.^® 

These experiments have been conducted wdth rats, used as labora- 
tory animals, because they could be readily fed the expensive, highly- 
purified diets necessary in such investigations. Whether or not farm 
animals need these fatty acids is still an open question. In any event, 
the usual rations fed stock in all probability provide sufficient amounts 
of any such essential nutrient substances. 

It is shown in Chapter VIII that the milk and fat production of 
dairy cows and milk goats is reduced unless there is a certain minimum 
amount of fat in the ration. 

137. Feeding concentrates alone to herbivora. — It would not ordi- 
narily be economical to feed the herbivora of the farm, or the plant- 
eating animals, on nothing but grain and other concentrates, for usually 
concentrates are more expensive than roughages. Also, good roughage, 
especially well-cured legume hay, is exceedingly important as a source 
of vitamins and minerals, as is pointed out in the following chapter. 

However, as a matter of scientific interest, experiments have been 
conducted to find whether cattle and horses can live on concentrates 
alone. Many years ago dry dairy cows were fed for an 8-week period 
in winter on corn meal alone, without injury.^® Feeding such an un- 
balanced ration for a long time would have led to disaster on account 
of the nutritive deficiencies of corn which are discussed in Chapter 
XVII. A 2-year-old steer was fed for about 8 months on only grain 
and water and made fair gains.®® An attempt to feed horses on oats 
alone ended in failure, for in a few days the horses refused the oats 
and drank but little water.®^ 

Until recently, all attempts to raise calves on milk and concentrates 
or on milk alone ended in failure, because the experiments were con- 
ducted before the importance of vitamins and minerals was fully under- 
stood.®^ Later trials have at length been successful, when great care has 
been taken to add mineral and vitamin supplements to the ration.®® 

The chief deficiencies of a ration of only milk and concentrates for 
continued feeding to calves or young cattle are vitamin D and iron. 
In recent Michigan studies calves fed only milk and starch with mineral 
and vitamin supplements finally died from convulsions or tetany due 
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to a lack of magnesium in the blood.®* This was finally prevented by 
adding magnesium salts to the ration. It is shown in Chapter VI, how- 
ever, that there is no deficiency of magnesium in any ordinary ration 
for livestock. 

Pigs have been raised with fair success on whole milk alone without 
grain or other roughage in trials at the Wisconsin Station.®'^ However, 
failure will result unless they get iron and traces of copper from some 
other source, and also milk is often too low in vitamin D to prevent 
rickets. As is pointed out in Chapters VI and XXXVI, under practical 
conditions it is exceedingly important to furnish swine with well-cured 
legume hay whenever they are not on pasture. This provides vitamins 
A and D, as well as increasing the amount of calcium and protein in 
the ration. 

138. Succulent feeds. — Numerous scientific trials and common 
farm experience have abundantly demonstrated the value of adding 
succulent feeds to the rations of farm animals. The beneficial effects 
of succulence, whether supplied as pasturage, silage, soiling crops, or 
roots, are many. ‘ Just as our own appetites are stimulated by fruits 
and vegetables, succulent feeds are relishes for the animals of the farm, 
inducing them to consume more feed and economically convert it into- 
useful products. 

It is reasonable to hold that such palatable feeds stimulate diges- 
tion, and it is well known that their beneficial laxative effect aids in 
keeping animals healthy. Among the most important contributions of 
the experiment stations are their demonstrations of the economy of 
feeding silage to milk cows, fattening cattle and sheep, and of the 
possibilities of cheapening the cost of producing pork through the uso 
of pasture. The merits of the various kinds of succulent feeds for the 
different kinds of farm animals are discussed at some length in later 
chapters. 

When silage is added to a satisfactory ration made up of dry feeds, 
for the winter feeding of milk cows or for the fattening of cattle or 
sheep, generally the production will be very appreciably increased. 
Unless the dry roughage is of decidedly superior quality, the increase 
in the milk yield or the rate of gain will be marked. 

On the other hand, if the stock are fed an abundance of high- 
quality legume hay or even mixed hay, there may be but little improve- 
ment through the addition of silage or any other succulent feed. The 
matter then becomes purely an economic one. The decision as to 
whether or not to feed silage under such conditions should be reached 
after considering the various factors discussed in Chapter XII. 

139. Exercise; light. — For the maintenance of health, exercise is 
essential. The only exceptions to this rule are fattening animals, soon, 
to be marketed, which make more rapid gains if not allowed to move 
about too freely. Abundant exercise is of special importance with 
breeding animals. The exercise requirements of the various farm ani- 
mals are discussed in the respective chapters of Part III. 

Sunlight is an effective germicide. To prevent the contraction and 
spread of disease, it is therefore important that the stables be well- 
lighted. It is pointed out in the next chapter that sunlight which has^ 
not passed through window glass produces vitamin D in the body, and 
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therefore aids in the assimilation and use of calcium and phosphorus and 
in preventing rickets. 


QUESTIONS 

1. Define a maintenance ration. Name 7 essentials for the maintenance of an 

animal. 

2. Describe the production of heat in the body and state how it differs from the 

burning of fuel in a stove. 

3. How do farm animals regulate the temperature of their bodies? 

4. Explain what is meant by the critical temperature, 

5. In maintaining a mature animal, for what is most of the feed needed? 

6. How can the amount of total digestible nutrients be determined that is required 

to maintain a mature animal? 

7. What is the relationship between the amounts of total digestible nutrients 

required for maintenance by animals of various live weights? 

S. How do the following affect the amount of feed an animal requires for mainte- 
nance; restlessness; a fat condition of the animal; exposure to cold weather? 

9. Discuss the protein requirements for the maintenance of mature animals. 

10. What 3 mineral nutrients should bo considered in maintenance rations? 

11. Compare the vitamin requirements for maintenance with those for growing ani- 

mals or for those producing milk. 

12. Why is a good system of ventilation advisable in closed stables? 

13. Discuss the water requirements of farm animals. 

14. Are certain fatty acids essential for farm animals? 

15. What nutritive deficiencies are encountered when calves arc raised on nothing 

but milk and concentrates? 

16. Discuss the importance of succulent feeds; of exercise; of sunlight. 
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CHAPTER VI 

PROTEINS— MINERALS— VITAMIN^ 

I. Proteins in Livestock Feeding 

140. Importance of proper amount and kind of protein. — That 
animals must receive at least certain minimum amounts of protein in 
their food was recognized by the early investigators in animal nutri- 
tion. As early as 1864 Wolff set forth in his feeding standards the 
amounts of digestible crude protein he believed were necessary for the 
various classes of livestock. 

The numerous later investigations on this subject have naturally 
shown that these early estimates concerning the amounts of protein 
required were inaccurate in many instances. They have also proved 
that the quality or kind of protein in a ration may be fully as impor- 
tant as the amount. We now know that for proper nutrition of any 
animal not only must the food provide a sufficient amount of protein, 
but also the proteins must be of the right kind. 

The minimum amounts of protein required for the maintenance of 
farm animals have been discussed in the preceding chapter, and the 
amounts needed for the various types of livestock production are con- 
sidered in those which follow. Further information on the protein 
requirements of each class of stock is presented in the respective chap- 
ters of Part III. The amounts of digestible protein advised by the 
author for the different classes of stock are shown in the feeding 
standards presented in Appendix Table III. 

In estimates of the minimum amounts of protein required by farm 
animals, such as are given in feeding standards, it is assumed that 
typical rations are fed, which provide proteins of average quality. If 
the proteins are of superior quality, a somewhat smaller amount of 
protein will suffice. On the contrary, if the proteins are of inferior 
nutritive value, a greater amount will be needed, and generally even 
then the production of the animals will be lowered, in spite of the 
liberal supply of the inefficient proteins. 

141. Effect of excess of protein. — ^In livestock feeding protein-rich 
feeds are usually more expensive than those low in protein but rich 
in carbohydrates and fat. We are, therefore, commonly interested solely 
in the minimum amounts of protein that farm animals require for 
optimum results. 

Under certain conditions, however, protein-rich feeds may be 
cheaper than carbohydrate-rich ones, as in the case of cottonseed meal 
in the South and alfalfa hay in sections of the West. The question then 
arises as to how much protein animals can be fed without injury. This 
problem is of great interest, because the consumption of a large amount 
of protein above that required by the body throws an increased load 
on the liver and kidneys in getting rid of the excess nitrogen. 

A number of experiments have been conducted with laboratory 
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animals to study this question. In certain tests, rats have been grown 
normally on rations containing more than 90 per cent of protein. Also, 
it is well known that Eskimos live largely on meat. In a recent careful 
experiment two men in this country lived exclusively on meat (includ- 
ing some fat) for 11 months and remained in excellent health.^ 

It is shown in Chapter XVIII that dairy cows have been fed 
successfully for long periods on cottonseed meal, which is very high 
in protein, as the only concentrate, provided roughage was fed that 
supplied ample vitamins and mineral matter. It is also shown in Chap- 
ter XXIV that dairy cows have been fed other rations extremely high 
in protein without injury. In spite of statements sometimes made to 
the contrary, there is no scientific evidence that the heavy feeding of 
cottonseed meal or other protein-rich concentrates increases trouble 
from mastitis or other diseases in cattle. 

From these results it seems safe to conclude that there is no 
danger from feeding farm animals a considerable excess of protein over 
the amounts that they actually require. 

142. Essential and non-essential amino acids. — It has been ex- 
plained previously that proteins are exceedingly complex substances. 
(16) The proteins of the bodies of animals and of the common feeding 
stuffs are made up of 22 or more different amino acids. In the digestion 
of food within the body, the proteins are cleaved or broken down into 
these amino acids, which are absorbed from the digestive system and 
enter the blood stream as free amino acids. 

The mixture of amino acids is then carried in the blood to the 
various body tissues, where each organ or tissue removes the quantities 
of the individual amino acids that it needs for its repair or functioning. 
As has been explained previously, the nitrogen is split off from the 
excess amino acids by the liver and this waste nitrogen is excreted in 
the urine by the kidneys. (61) 

The body is able to make certain of the simpler amino acids, form- 
ing them either from some of the more complex amino acids or produc- 
ing them by combining ammonia or other simple nitrogenous compounds 
with organic acids formed from other food nutrients. However, the 
body is not able to synthesize or make several of the more complex 
amino acids which are present in the body tissues. These must, there- 
fore, be provided in the proteins of the food. 

The amino acids which are required by the body and which cannot 
be made from other substances are called the essential amino acids. 
Those which can be made from other substances are called the non- 
essential amino acids. 

Many experiments have been conducted with laboratory animals 
fed rations of highly purified nutrients to determine which of the 
amino acids are essential. On account of the complexity of such inves- 
tigations the information on the problem is still incomplete. It has 
been definitely proved, however, that certain amino acids are essential 
for growth and that others are not essential. The data concerning 
some of the amino acids are still too limited to warrant definite conclu- 
sions as to whether or not they are necessary in the food. 

According to the present information, the following amino acids 
are apparently essential for the growth of rats, used as laboratory test 
animals: lysine, tryptophane, histidine, phenylalanine, valine, leucine. 




(Quality of Protfins May Be as Important as the Amount 

Aniniiils need not only Rk'niy of i)rotein in their food, but also proteins of 
I ho right kind or quality. The pig on the left naadved plenty of protein, but 
his ration consisted of only grain and grain by-products, supplying proteins of 
])Oor (piality. The pig on the right, which is of the' saiia^ ag(', la’ceivaal a, ration 
of grain plus skiniinilk, which supi)Ii('d i)r()tein.s of good quality. (From Hart, 
Wisconsin Station.) 



Determining Nutritive Value of Protein in Rations 

Experiments are being conducted with lambs in these metabolism cages to 
determine the nutritive value of the protein in different rations. The feed is 
accurately analyzed and weighed, and all feces and urine are collected and 
analyzed. (From New York, Cornell, Station, Cornell University.) 




Good Grass Is Not Deficient in Quality of Protein 

The excellent growth made by sheep, cattle, and horses on abundant grass 
pasture shows that there are no decided lacks in the proteins supplied by most 
kinds of young grass. 



Legume Forage Insures Good Protein for Ruminants 

A fine crop of red clover in the foreground, with corn in the background. 
Such a combination as clover or alfalfa hay and corn grain provides good 
quality protein for ruminants. 
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isoleucine, threonine, ar^nine, and methionine. Cystine, the chief sulfur- 
containing amino acid, was formerly considered essential, but recent data 
indicate that it may not be needed if the ration has enough methionine, 
which also contains sulfur. 

Glycine and some of the other common amino acids can readily be 
formed in the body from other amino acids, and these amino acids are 
therefore not essential. For further information on this subject and 
also for a detailed discussion of the nutritive value of the various pro- 
teins, the reader is referred to recent exhaustive reviews of the experi- 
ments in this field.^ 

Protein tissue cannot be built by an animal unless the food pro- 
vides an adequate supply of each of the essential amino acids. A 
shortage in a single necessary amino acid will limit the utilization of 
all the others, and therefore will reduce the rate of growth made by 
the animal. 

For example, let us suppose that an animal is building protein body 
tissues that contain 5 per cent of a certain essential amino acid. How- 
ever, the mixture of amino acids furnished by the food contains only 
1 per cent of this same amino acid. Then 5 times as much food protein 
will be required to form a given amount of body protein, as would be 
needed if the food protein supplied the same percentage of this essential 
amino acid as was contained in the body tissue. 

The nutritive value of a protein is not affected if it is entirely 
lacking in one of the non-essential amino, acids. Thus casein, the chief 
protein of milk, is a protein of high nutritive value. Nevertheless, it 
does not contain any glycine, which is the simplest in structure of all 
the amino acids and is readily made in the body from other sources. 

143. Differences in amino acid requirements. — It is possible that 
certain amino acids which are necessary for growth may not be essential 
for the maintenance of a mature animal. In the daily break-down of 
the protein tissues of the body, perhaps entire protein molecules are 
not destroyed, but only certain groups split off. Then the needs for 
maintenance would not involve building entire proteins, but only in 
replacing these simple groups. 

The opinions of scientists differ with reference to this matter. 
Early experiments led Osborne and Mendel to conclude that, although 
lysine was essential for growth, it was not necessary for maintenance.^ 
However, it was later found that the lysine-poor ration they had used 
contained considerably more of this amino acid than had been supposed. 

So far as is known, the amino acid requirements for milk produc- 
tion are similar to those for growth. 

Nearly all of the investigations to determine whether or not the 
various amino acids are essential for animals have been conducted with 
rats as the test animals. This is because such experiments with farm 
animals would be excessively expensive, since the rations employed 
must be made up of highly-purified, very costly nutrients. Enough 
of such a ration to feed a large animal over a sufficient period would 
cost a large sum. Also small laboratory animals, such as rats, have a 
short life cycle in comparison with farm animals. Therefore, it is not 
necessary to conduct experiments with them for such long periods as 
would be required with large animals. 
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These facts naturally raise the question as to whether or not various 
species of animals differ materially in their ability to synthesize in 
their bodies the various amino acids that they need. While there is 
not much definite information on this question, it is probable that the 
ability of humans, of swine, or of poultry to synthesize amino acids 
does not differ greatly from that of rats. On the other hand, there 
may be a considerable difference in the case of ruminants. 

It has been shown previously in Chapter II that the digestion of 
cellulose and pentosans by ruminants is caused by the bacteria and 
other micro-organisms which thrive and multiply in great numbers in 
the paunch. (45) These bacteria can probably use certain other simple 
nitrogenous compounds, in addition to the amino acids, for making the 
proteins in the cells of which they are composed. Further on in the 
digestive tract of the ruminant, these bacterial cells may be digested, 
and the protein that has been synthesized by the bacteria thus made 
available to the animal. This bacterial protein may hence provide all 
the essential amino acids, even though they were lacking in the nitrog- 
enous food used by the bacteria in their growth. 

Though several investigations have been conducted, especially in 
Germany, to determine the extent to which various non-protein nitrog- 
enous compounds can be used by ruminants as a substitute for protein, 
the results differ so greatly that no definite conclusions can be drawn 
as yet.^ However, there is unquestionably less difference in the nutritive 
value for ruminants of the proteins supplied by various feeds than 
there is in the case of humans or of swine and poultry. 

For example, linseed meal gives excellent results when fed as the 
only protein supplement with grain and hay to cattle or sheep. On 
the other hand, it is shown in Chapter XXXVI that linseed meal is 
not very satisfactory when used as the only supplement to grain for 
pigs, even when they are on good pasture. Much better results are 
secured when they are fed in addition a limited amount of some pro- 
tein supplement that furnishes protein of high quality, such as meat 
scraps, tankage, fishmeal, or dairy by-products. 

144. Amino acid content of proteins as a measure of value. — 
By elaborate chemical methods of extraction and purification it has 
been possible to separate in pure form some of the chief proteins in 
seeds and certain other foods. These proteins can bo broken down into 
amino acids by digestion with chemicals or with enzymes. The amounts 
of the various amino acids that they contain can then be determined 
with more or less accuracy. 

Attempts have been made to ascertain the amounts of the different 
amino acids in the mixture of proteins present in normal foods. But 
little accurate information of this kind has thus far been secured. This 
is because it is very difficult to separate the total proteins completely 
from ^ the carbohydrates, and the latter interfere with the chemical 
determination of the amino acids. It seems possible that more accurate 
data in this field can be obtained by a method recently developed by 
the United States Department of Agriculture.® 

The data gained by finding the amounts of the individual amino 
acids in pure proteins are very interesting from a scientific viewpoint. 
However, such determinations cannot be used as reliable guides to the 
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quality or value of the entire protein furnished by any feeding stuff. 
This is because the total protein in any natural feed does not consist 
of only one protein, but of a mixture of several different proteins. 
Some of these may be present in large proportions, while others are 
contained in small amounts. 

The chief protein in a feed may have an entirely different amino 
acid composition than the other proteins that the feed contains. Thus 
zein, which is the chief protein of com grain, lacks both lysine and 
tryptophane. These are two of the amino acids that are essential for 
growth. Fortunately, the other proteins in com make up this lack to 
some extent. 

Although a young animal is not able to make any growth what- 
soever on com zein as the only source of protein, it can make slow 
growth on the entire corn grain, used as the sole kind of protein. How- 
ever, for efficient utilization of the total com proteins, some protein 
supplement must be added to the ration that provides a larger propor- 
tion of lysine and tryptophane. 

146. Measuring the nutritive values of proteins. — ^Because it is 
impossible to determine accurately the amounts of each amino acid in 
a food, definite information concerning the actual nutritive value of a 
feed as a source of protein can be gained only through feeding experi- 
ments. In such investigations animals are fed rations in which the 
protein is supplied by the feed or combination of feeds that are to be 
tested. Care must be taken that the experimental rations fully meet 
all requirements for minerals, vitamins, and energy. Otherwise, the 
utilization of the protein will be decreased by a lack of other nutrients. 

Several different methods have been used in the experiments to determine the 
relative efficiency of various pure proteins or of the mixture of proteins in natural 
feeds or in complete rations. One of the simplest methods is to feed the experi- 
mental animals rations containing the same percentage of protein from various 
sources, and then compare the rates of growth produced on the different rations. 
When this method is used, the results are sometimes expressed in terms of the 
amount of gain produced from each gram or other unit weight of protein in the feed. 

Much useful information has been gained through this method by Osborne 
and Mendel, McCollum and associates, and others, in experiments chiefly with rats. 
In this method it is assumed that a unit of gain in weight on each ration will 
contain approximately the same amount of protein. This is not always strictly true, 
but no serious errors are usually involved if the experiments cover a sufficient length 
of time. This is also the method commonly employed in feeding experiments with 
growing and fattening farm animals, when it is desired to measure the relative 
efficiency of various feeds as protein supplements. 

A method theoretically more accurate is to conduct this type of investigation 
in such a manner that the feces and urine voided by the experimental animals are 
carefully collected and analyzed. From the analyses of the rations and the excreta, 
the exact amount of protein stored in the body can be determined. The results of 
such investigations are usually stated in terms of the percentage of total food 
protein that is stored by the animal. In similar experiments with lactating animals, 
the percentage can be found of the total food protein that is secreted in the milk 
produced. This method has been employed especially in experiments with farm 
animals by McCollum and by Hart and associates. 

In a third method, recently used by McCollum and associates in experiments 
with rats, uniform young are carefully selected. Some of them are slaughtered at 
the beginning of the experiment, and the amounts of protein are determined in 
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their entire carcasses. The remaining animals are fed the rations to be tested, and 
then after they have made considerable growth, they are likewise killed and 
analyzed. The average amount of protein stored on each ration is found by sub- 
tracting the average amount in the bodies of the check animals, killed at the be- 
ginning of the experiment, from the average amount of protein in the animals 
that have been fed each ration. Then the percentages of the total food protein 
stored on each ration can be computed. 

In a fourth method, used extensively by Mitchell and others, the experimental 
animals are fed in metabolism cages, so that all the feces and urine can be 
collected. During a period at the beginning and one at the end of the experiment, 
they are fed a ration containing practically no protein, so that the basal excretion 
of nitrogen in the urine and in the feces can be determined. The animals are fed 
the rations to be tested consecutively for brief periods, the amounts of nitrogen 
that are excreted in the feces and the urine being determined in each period. 

From these data so-caUed “biological values*’ are computed, which measure 
the percentage of the protein absorbed from the food that is used both for main- 
tenance and growth. The term “biological value” is also used for other measures 
of the values of proteins. In this volume the term is used only for values deter- 
mined by th^ preceding method. 

A protein that could be used with perfect efficiency for maintenance and growth 
would have a biological value of 100 per cent, according to this method. Few feeds 
even approach this theoretical efficiency, and biological values of 90 per cent or 
more prove that the protein of a feed has an unusually high nutritive efficiency. 
Biological values of 75 to 90 per cent indicate that the proteins are of considerably 
better than average value, while a value below 65 to 70 per cent indicates that the 
protein is not of high quality. 

It must be remembered that in computing the biological value, credit is given 
for the use of the protein in maintenance as well as for growth. In determining 
the biological values of proteins for growing animals it is very important that the 
animals actually make satisfactory gains in protein tissues during the experiment. 
Otherwise, the biological value will not at all represent use of the protein for 
growth, but merely its value for maintenance, which may be considerably different. 

146. Conditions affecting utilization of proteins. — No matter what method is 
used in studying the nutritive values of proteins, certain fundamental principles 
must be observed, or the results of the investigation may be of little value. Unfor- 
tunately, these principles have been overlooked in certain of the experiments in this 
field. As a result, it is difficult to draw conclusions concerning the value of the 
proteins in some feeds which have been studied. 

First of all, sufficient non-nitrogenous nutrients (carbohydrates and fats) must 
be provided so that the animal will not be forced to use protein as a source of 
heat or energy. If this principle is neglected, the nutritive value of the protein 
will appear to be low, merely because a considerable part of it has been wasted. 

^Second, the amount of protein in the ration must be below the optimum level 
for the particular kind of animal used. Otherwise, the animal may receive in its 
feed more protein than it can possibly use for protein purposes. As has been 
shown previously, the nitrogen will unavoidably be split off from any excess and 
the non-nitrogenous part used for heat and energy, this nitrogen being entirely 
wasted. (61) 

Third, it must be realized at all times that protein is used with greater 
percentage ej^idency for maintenance when the amount in the feed is below the 
optimum amount for the animal. Witbiu certain limits, the lower the level of 
protein, the greater will be the apparent efficiency. Therefore, in any series of 
experiments in which it is desired to compare the nutritive value of the proteins 
in various rations, there must be the same percentage of protein. Erroneous con- 
clusions may be drawn, for example, if one kind of protein is studied when forming 
15 per cent of the experimental ration, and another kind of protein is fed at a 
level of 10 per cent. 
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In the case of growing animals the rate of gain will be slower if the amount 
of protein fed is slightly below the optimum, but the percentage utilization, as 
measured by the biological-value method, will be higher. On the other hand, in 
the methods in which the results are expressed as the percentages of protein stored 
in the body, the values will be low, if too little protein is fed. 

The general principle just discussed — that in a comparison of the nutritive 
value of the proteins in various rations, there should be the same percentage of 
protein in each ration — is of great importance in practical feeding experiments. 
If two protein supplements are being compared which contain considerably different 
percentages of protein, correspondingly less of the supplement richer in protein 
should be used. 

If enough of the low-protein supplement is fed to balance the ration in protein 
content and the same amount of the high-protein supplement is included in the 
other ration, it should be evident that there will then be an excess of protein in 
the latter ration. Part of the supplement will then be wasted, so far as its use 
as a protein supplement is concerned. On the other hand, if just enough of the 
high-protein supplement is used to balance one ration and no more of the low- 
protein supplement is included in the other ration, it will not supply enough protein 
for optimum results. 

Therefore, whenever this fundamental principle is neglected, either one or the 
other of the rations will be made less efficient than it should be, solely because the 
experiment was not properly planned. Unfortunately, this simple principle has not 
been considered in certain of the comparisons of protein supplements that have 
been made, even during recent years. 

147. Supplementary effects of protein. — Many of our common 
feeds contain too small amounts of one or more of the essential amino 
acids to produce good results when used as the only source of protein. 
Such feeds are said to have protein of poor quality. 

On the other hand, a few feeds, such as milk, meat, and eggs, supply 
the various amino acids in very nearly the proper proportions for 
complete utilization. These feeds are said to contain proteins of high 
quality. 

Fortunately, the feeds that have proteins of poor quality are not 
all deficient in the same amino acids. For this reason the proteins in 
two feeds, each of which ffarnishes poor-quality protein when fed alone^ 
may supplement each other in a very important manner. For example, 
it has been mentioned that the proteins in corn grain are low in lysine 
and tryptophane, which are two of the essential amino acids. Corn is 
also low in total amount of protein. However, corn has an ample 
amount of cystine, the chief sulphur-containing amino acid. In strong* 
contrast to corn are soybeans. They are not only rich in amount of 
protein, but also supply plenty of lysine and tryptophane. However, 
they are not rich in cystine, or else the cystine in uncooked soybeans 
is chiefiy present in a form that cannot be utilized by some animals, 
such as swine and rats. (694-696) 

Because these two feeds are not deficient in the same essential 
amino acids, they supplement each other to a considerable extent. It 
has thus been shown in recent Indiana experiments that the proteins 
supplied by a combination made up of proper proportions of corn and 
soybeans have a much higher nutritive value than those of corn grain 
alone.® In efficiency of proteins the mixture even excels soybeans alone^ 
the iJroteins of which rank high in nutritive value among feeds of plant 
origin. 
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No common food surpasses milk in quality of protein, when used 
as the only source of protein in the diet. This shows that milk provides 
adequate amounts of all the essential amino acids. In experiments in 
which animals have been fed scanty amounts of milk, along with non- 
protein food, it has been found that milk does not have a very liberal 
supply of the sulfur-containing amino acids (cystine and methionine). 

However, milk is so rich in lysine and tryptophane that it is able 
effectively to correct the deficiencies in the proteins of corn or other 
grains. This is shown by Wisconsin experiments in which young pigs 
were fed rations containing protein from various sources. When pigs 
were fed only wheat, corn, or oat grain, they stored in their bodies 
but 23 to 28 per cent of the total protein in their feed.^ On the other 
hand, when skim milk was the sole source of protein, they were able to 
store 66 per cent of the protein supplied by the milk. 

A mixture of one-third each of corn, wheat, and oats was only a 
trifle better than any one of the cereals alone, for they are all deficient 
in lysine. However, when pigs were fed 1.3 lbs. of skim milk to each 
pound of c6m$ they made 62 per cent of the total protein in their 
feed into body tissues. Thus the milk was rich enough in lysine and 
tryptophane to make the combination of com and milk nearly as efficient 
as milk, which is often called the ideal food. 

This well illustrates the fact that it is entirely unnecessary for each 
feed in a ration to furnish protein of high quality. All that is needed 
for efficient use of protein is that the entire ration has sufficient of each 
of the essential amino acids. 

With the rapid increase during recent years in the knowledge con- 
cerning the nutritive characteristics of the various feeds, nutrition ex- 
perts have been able to combine them into more efficient rations than 
ever before. In making up such rations the strong points and also any 
deficiencies of each feed are fully recognized. Through skillful com- 
bination, advantage is taken of the special merits of the feeds in the 
ration, and any deficiencies are corrected. 

148. Proteins of cereal grains and ^eir by-products. — Since 
cereal grains and their by-products form such a large proportion of the 
food of farm animals, it is essential that the character of their proteins 
be thoroughly understood. When fed as the only source of protein, the 
cereal grains all fall decidedly below such a food as milk in the quality 
of protein. The biological values of the proteins of the grains (the 
efficiency of the proteins for maintenance and production combined) 
have usually ranged between 60 and 70 per cent in experiments with 
pigs, chicks, and rats, when the rations have contained 8 to 10 per cent 
protein. In comparison with this, the protein in milk has generally 
had a biological value of 85 to 90 per cent or more. 

The results have differed considerably in the experiments which 
have been conducted to compare the efficiency of the proteins in the 
various grains. It seems probable, however, that the protein in corn 
grain is usually slightly less efficient for growth than the proteins in 
wheat, oats, or barley. Also com generally contains considerably less 
protein than these other grains. 

As has been stated previously, com grain is deficient in both lysine 
and tryptophane, and this is also apparently the case with oats. On the 



PROTEINS— MINERALS— VITAMINS 


97 


other hand, wheat grain is probably deficient only in lysine.® The 
proteins of the grain sorghums seem to have the same general nutritive 
characteristics as those of the other cereals.® 

In general, the germs of the cereal grains apparently have proteins 
of much better quality than the endosperm, or starchy part. Also, in 
the case of the wheat grain, the bran layers provide protein of higher 
nutritive value than the endosperm. Wheat bran, wheat middlings, and 
red dog flour therefore furnish protein of considerably better quality 
than does wheat flour or even the entire wheat grain.^® This helps to 
explain the popularity of wheat by-products for stock feeding. 

Although the wheat by-products apparently furnish protein of 
somewhat better quality than the entire cereal grains, the protein does 
not completely correct the deficiencies of cereal proteins for swine and 
poultry. Therefore, as is shown in Chapter XXXVI, the results are 
greatly improved in swine feeding, when skimmilk, meat meal, or fish 
meal is added to a ration of grain, wheat middlings, and minerals, even 
for pigs on pasture. 

Rice bran has proteins of good quality and it effectively supple- 
ments the proteins of com.^^ 

149. Feeds of animal origin. — As has been stated previously in 
this chapter, the proteins of milk have an especially high nutritive value. 
Casein, which forms over three-fourths of the protein in milk, is but 
slightly inferior in value to the entire mixture of proteins milk contains. 

Lactalbumin, or milk albumin, which forms most of the remainder 
of the milk protein, is also of high nutritive value and in some experi- 
ments has even been superior to casein. The protein of whey is chiefly 
lactalbumin. It therefore is not surprising that whey has proven to be 
very effective in correcting the deficiencies in the cereal grains, even 
though whey is low in percentage of protein. (See Chapters XIX 
and XXXVI.) 

The proteins of meat, fish, and eggs are also of unusually high 
nutritive value, a fact that is of great importance in human nutrition. 
Those of eggs and fish are probably about equal to milk proteins in 
efficiency, and meat proteins rank but slightly below. In live stock 
feeding the meat and fish by-products are excellent protein supple- 
ments, especially for swine and poultry. 

Animal tissues that consivSt mostly of gristle and connective tissue 
are apparently of considerably lower nutritive value than muscles or 
most glandular tissues, such as liver or kidney.^^ Therefore if meat 
scraps consist too largely of such material, its value will probably be 
reduced. 

Also, fish meal consisting chiefly of fish heads has a slightly lower 
value than that made largely of muscular tissue.^® 

If animal by-products are subjected to too high a temperature 
during the manufacturing process, the digestibility and the nutritive 
value of the proteins is decreased somewhat.^^ Therefore the protein of 
vacuum-dried fish meal is of greater value than that dried at a higher 
temperature. Also, as is stated in Chapter XIX, dry-rendered tankage, 
or meat scraps, containing 50 to 55 per cent protein has generally been 
equal or superior in feeding value to digester tankage containing 60 
per cent protein. 
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Tankage and meat scraps are excellent protein supplements for 
swine, and meat scraps are one of the most important supplements for 
poultry. These feeds are not only very high in protein, usually con- 
staining 50 per cent protein or more, but also their proteins correct the 
deficiencies in those of the grains. However, their proteins rank in 
efficiency somewhat below those of fish meal or milk by-products as 
supplements to the grains.^® 

Blood meal of the usual kind is not high in digestibility, and the 
protein is apparently not of as high nutritive value as that of meat 
scraps or tankage.^® 

160. Proteins of legume seeds. — The proteins of the various 
legume seeds differ to a surprising degree in nutritive value. At the 
one extreme are soybeans and peanuts, which apparently make good 
the deficiencies of proteins in the cereal grains to a greater extent than 
other common feeds of plant origin. 

For this reason, when no feeds of animal origin are included in 
rations for swine and poultry, these legume seeds and the oil meals made 
from them produce better results than other protein supplements of 
plant origin. However, the results are generally still better when a 
small amount of such feeds as meat scraps, tankage, skimmilk, or fish 
meal is included in the ration. 

It has been pointed out previously in this chapter that although 
soybeans alone are somewhat deficient in cystine, this is corrected when 
they are combined with cereal grains. Recent investigations indicate 
that the quality of the proteins in various varieties of soybeans may 
differ to some extent.^^ 

At the other extreme in quality of protein are most beans and also 
cowpeas and lentils, which are decidedly deficient in cystine. Though 
this lack is corrected when these seeds are fed with cereal grains, they 
do not seem to be efficient as the sole protein supplement to the grains 
for swine or poultry. Beans are poorly utilized by swine unless they 
are thoroughly cooked, and soybeans are also improved considerably 
for swine by thorough cooking. 

Peas are an excellent feed for stock, except for the fact that they 
are usually expensive. However, the experiments reviewed in Chapter 
XVIII show that they are not efficient as the only supplement to grain 
for pigs not on pasture. This is probably because their proteins do 
not supplement those of the cereals as completely as do the proteins of 
soybeans or peanuts. 

In recent English experiments the proteins of horse beans and of 
peas ranked high in nutritive value when these feeds were fed to dairy 
cows as supplements to a ration of oats, straw, and beet pulp.^® 

161. Proteins of other concentrates. — On account of the great 
importance of cottonseed meal and linseed meal as protein supplements 
in stock feeding, the nutritive value of their proteins is of especial 
interest. It is pointed out in later chapters that these feeds are ex- 
cellent supplements for dairy cattle, beef cattle, sheep, and horses. For 
swine or poultry they should be used only in combination with such 
supplements as meat scraps, tankage, fish meal, or milk products, which 
provide protein of better quality. 

There has been little or no difference in the quality of the proteins 
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in linseed meal and cottonseed meal when these feeds have been fed 
as the only source of protein; when they have been fed with corn to 
non-ruminants ; or when they have been fed with grain and hay and 
other roughage to dairy cows.^® The biological values of the proteins 
in linseed meal and cottonseed meal have usually ranged between 60 
and 70 per cent. 

Coconut oil meal has proteins of higher quality than those of the 
cereal grains but not equal to those of soybeans or peanuts.^® There- 
fore, as is explained in Chapter XVIII, it should not be used as the only 
supplement for pigs not on good pasture. 

162. Proteins of green forage and other roughages. — In spite of 
the great importance of hay, pasture, and other forages in livestock 
feeding, there is but little information concerning the exact efficiency 
of the proteins these feeds provide. From the fact that young cattle, 
colts, or lambs, after the suckling period, can make good growth on an 
abundance of good forage, it is evident that there are no decided nutri- 
tive lacks in the proteins that such forage provides. Though swine 
cannot make as large a use of roughage as these other animals, mature 
sows that are not nursing pigs can be maintained on nothing but good 
pasture or even on legume hay. 

One of the exceedingly important facts in livestock feeding, which 
is emphasized in Chapter XIII, is that legume forages admirably supple- 
ment the cereal grains. They are not only rich in protein, but the 
protein is of such character that it largely corrects the deficiencies in 
the proteins of the grains. 

163. Proteins of legume roughages. — The experiments summarized 
in later chapters show clearly that a ration consisting only of farm 
grain and an abundance of well-cured alfalfa hay is excellent for dairy 
cattle, beef cattle, sheep, and horses. As is pointed out later in this 
chapter, the first lack that may be met in this ration, if fed to high- 
producing dairy cows, is not in the amount or in the quality of the 
protein, but in the amount of phosphorus. 

The experiments reviewed in Chapter XXXVI show that even for 
growing pigs a combination of good pasture and cereal grain furnishes 
protein of fairly satisfactory quality. Pigs fed only corn and other 
grain on excellent pasture, such as alfalfa, clover, or rape, will make 
reasonably good growth. However, such a ration is too low in protein 
for the most rapid growth. Also, the quality of the protein can be 
made still better by adding to the ration such a protein supplement as 
skimmilk, tankage, or fish meal. 

164. Legume hay insures good-quality protein for ruminants. — 

That alfalfa hay and clover hay furnish proteins of satisfactory quality 
for ruminants is definitely shown in recent investigations at the New 
York (Cornell) Station.^^ When growing lambs were fed either alfalfa 
hay or red clover hay as the sole source of protein in a ration supplying 
plenty of carbohydrates and fat, the biological value of the proteins 
averaged 79 per cent for alfalfa hay and 81 per cent for clover hay. 
When these hays were fed in combination with com grain, the biological 
values of the proteins were approximately the same, being 77 per cent 
for alfalfa hay and com and 80 per cent for clover hay and com. In 
all probability, similar results would be secured with cattle. 
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When alfalfa hay was fed as the only feed to growing lambs in 
Washington trials, much lower biological values were secured for the 
protein, the average being only 56 per cent.^* This low figure was 
probably due to the fact that alfalfa hay is low in total digestible 
nutrients in comparison to the amount of protein it furnishes. There- 
fore, when it is fed alone, as is often done in the alfalfa districts of the 
West, it does not provide sufficient non-nitrogenous nutrients to enable 
lambs or other animals to use the protein with maximum efficiency. 
A still lower biological value was secured for alfalfa leaves in other 
experiments, when they were used as the only feed for lambs.^ This 
was apparently due to the fact that the leaves are even much higher 
than the hay in protein, and therefore the lambs had a large excess 
of protein which they could not utilize. 

The fact that good-quality protein is furnished for ruminants by 
alfalfa or clover hay as the only source of protein, or by either of these 
hays and corn grain, is of great importance in stock feeding. It seems 
probable that for cattle or sheep there is not apt to be any deficiency in 
the quality of protein in the ration whenever a large part of the rough- 
age consists of properly-cured legume hay. This means that if sufficient 
legume hay is fed to ruminants, good results can be secured when there 
is used as the only protein supplement such a feed as corn gluten meal 
or corn gluten feed, both of which have proteins that are unbalanced 
in nature. 

This is shown by Wisconsin experiments in which dairy cows were 
fed rations supplying proteins from various sources.^'^ When cows 
were fed cereal grain with clover or alfalfa hay and corn silage, there 
was little difference in the efficiency of com gluten feed, linseed meal, 
cottonseed meal, or distillers^ com grains as protein supplements. On 
the other hand, when corn stover was the only roughage, corn gluten 
feed was distinctly inferior to the protein supplements that provided 
protein of better quality. 

The proteins of legume forages are apparently somewhat less 
efficient for non-ruminants than thej^ are for cattle and sheep. In 
Illinois tests the proteins of a ration of alfalfa hay and com had a 
biological value of only 62 per cent for rats.^® Although alfalfa leaves 
apparently contained ample cystine (the chief sulfur-containing amino 
acid) in English tests, in Oregon experiments with rats alfalfa proteins 
seemed to contain too little cystine for highest efficiency.^® 

It is of interest to note that in the New York experiments with 
lambs there was no indication of a lack of cystine. Wool is particularly 
high in cystine, which is the chief sulfur-containing amino acid. There- 
fore it might have been supposed that a lack of cystine in alfalfa hay 
would have lowered the efficiency with which the lambs utilized the 
protein, or would have resulted in poor growth of wool. No such effect 
was produced. 

This may have been due to the fact that alfalfa is rich in other 
sulfur-containing compounds, even though it may be low in cystine. 
Perhaps sheep can utilize, through the action of the bacteria in the 
paunch, sulfur in other forms for producing the cystine, they need for 
wool production. ( 143 ) 
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166. Proteins in non-legume forages. — There is so little informa- 
tion concerning the nutritive value of the proteins in non-legume rough- 
ages that only very general statements can be made on the subject. 
From the excellent growth made by young cattle, sheep, and horses 
on abundant grass pasture, we can conclude that there are no decided 
lacks in the proteins supplied by most kinds of young grass. 

That there may be considerable difference, however, in the nutri- 
tive value of the proteins from various grasses and from fertilized and 
unfertilized grasses is indicated in a recent experiment by Crampton.^^ 
For rabbits the protein in young timothy grass was of decidedly higher 
nutritive value than that of reed canary grass. Also, the protein in 
the mixed grasses from a fertilized plot was of higher value than in 
the grass from an unfertilized area of the same field. 

When grass hay is fed to ruminants in a ration with a considerable 
variety of concentrates, the quality of the protein may be as good as 
when the roughage is legume hay. In New York experiments, dairy 
cows utilized the protein just as efficiently for milk production from 
a ration of timothy hay, com silage, corn grain, oats, wheat bran, and 
linseed meal, as they did when clover hay was fed in place of the 
timothy.^® 

Even when various single protein supplements of widely differing 
character are fed to ruminants as supplements to grain and non-legume 
hay, there is apparently much less difference in their nutritive value 
than there would be in the case of swine or poultry. Thus in recent 
experiments at the New York (Cornell) Station with growing lambs 
there has not been any appreciable difference in the nutritive value of 
the protein when either soybean oil meal, linseed meal, or com gluten 
meal was used as the supplement to a ration of com grain and timothy 
hay or corn stover.^® 

The biological values obtained when roughages very low in protein 
are fed as the only source of protein cannot be compared with the 
values secured for the proteins in balanced rations. As has been 
pointed out before, the biological value of the protein will be unduly 
high in such protein-poor rations. For this reason, the very high 
biological value of 92 per cent has been obtained for the proteins of 
corn silage fed alone to lambs, and a value of 81 per cent for the 
proteins of wheat straw fed as the only feed to steers.®® Though these 
values cannot be compared with the biological values secured when 
balanced rations have been fed, it is evident from these experiments, 
that for the maintenance of ruminants, the quality of the protein pro- 
vided by these roughages is not inadequate, though they are both low 
in quantity of protein. 

II. Minerals in Livestock Feeding 

166. Importance of minerals. — It has long been known that 
minerals are necessary for the health of animals and even for life itself. 
However, only recently have investigations revealed the causes and 
methods of prevention of certain serious diseases which are due to 
mineral deficiencies. These discoveries have caused much popular in- 
terest in the subject of mineral nutrients and have led to extensive 
use of mineral supplements in stock feeding. 
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Although decided deficiencies of other minerals often occur that 
must be corrected by the use of a suitable mineral supplement, common 
salt is the only mineral that is generally insufficient in the feeds con- 
sumed by farm animals. To avoid expenditures for unnecessary mineral 
supplements, it is therefore important that stockmen know definitely 
the conditions under which there may be a lack of other essential 
minerals, and also know how to correct any deficiency at minimum 
cost. The use of mineral supplements when they are not needed is not 
only a waste of money, but also may in some cases be actually injurious, 
as is shown later. 

167. Vital functions of minerals. — Minerals have many vital 
functions in the body, some of which are well understood, while there 
is but little definite knowledge concerning others. The skeletons of 
vertebrate animals is composed chiefly of minerals (nearly all calcium 
and phosphorus), and minerals are essential constituents of the soft 
tissues and fluids of the body. A few examples of the functions of 
minerals will serve to show how indispensable they are : 

Phosphorus is a vital ingredient in the proteins that characterize 
the nuclei of all body cells, and also is a component of certain other 
important proteins, such as the casein of milk. The phospholipids, 
which are phosphorus-containing fat-like substances, are essential parts 
of all living protoplasm. The power of the blood to carry oxygen is 
due to hemoglobin, the iron-protein compound in the red blood 
oorpuscles. 

The soluble mineral compounds in the blood and other body fluids 
are essential in giving these fluids their characteristic properties and 
in regulating the life processes. The acidity or alkalinity of the diges- 
tive juices is due to mineral compounds. Thus, the acidity of the 
gastric juice in the stomach, which is necessary for the action of the 
-enzyme, pepsin, is due to hydrochloric acid, derived from sodium 
chloride and other chlorides present in the blood. The osmotic pressure 
which is necessary for the transfer of nutrients and waste products 
through the cell walls is largely dependent on the concentration of 
mineral salts in the lymph and in the cells. The maintenance of an 
approximately neutral reaction in the body tissues, or the prevention 
of acidity or alkalinity, is due chiefly to a delicate adjustment of the 
mineral compounds in the body fluids. A serious lack of calcium in the 
blood, such as occurs in milk fever of cows and in certain advanced 
cases of rickets, causes convulsions and tetany. 

The importance of minerals in controlling life processes is well 
illustrated by an experiment often performed in physiological labora- 
tories. If the heart, still beating, is removed from a frog and placed 
in a solution of pure sodium chloride (common salt), its beats soon fade 
cut. If a small amount of a calcium salt is now added to the solution, 
the heart will at once begin to beat again. However, unless a small 
amount of a potassium salt is also added, the beat will not be normal, 
hut the heart will fail to relax quickly and completely enough after each 
contraction. Thus, if potassium is not added, the relaxations become 
more and more feeble, until the heart stops in a contracted state. Not 
only must potassium be present, but there must be a correct proportion 
between the amounts of calcium and potassium. If too much potassium 
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is added, the heart will fail to contract properly, and finally will again 
stop beating, but this time in a state of complete relaxation. 

Similarly, other vital processes are dependent not only on the 
presence of various mineral salts, but also on a proper relationship be- 
tween them. It is therefore evident that unless the amount of these 
mineral salts in the blood is kept normal, serious consequences will 
follow. The kidneys are usually able to protect the animal against an 
unbalanced mineral content in the blood by promptly excreting any 
excess of various salts which may be present. However, if the food 
continually furnishes an excessive amount of certain minerals, the body 
may be unable to keep the blood composition normal, and injury will 
result. 

In the paragraphs which follow brief summaries are presented 
concerning: (1) The requirements for each of the essential mineral 
nutrients; (2) the conditions under which there may be a lack of the 
mineral in the rations commonly fed farm animals; and (8) the mineral 
supplements that should be used to correct any such lack. Further 
information about the mineral needs of each class of stock is given in 
Part III. The amounts of calcium and phosphorus in various feeds 
are shown in Appendix Table I, so far as data are available, and the 
amounts of the other important minerals in typical feeds are given in 
Appendix Table IV. 

158. Sodium and chlorine; common salt. — Herbivorous animals 
(those that live chiefly on plants) need a considerably larger amount 
of common salt than is supplied by their usual feeds. Thus, horses, 
cattle, and sheep show great hunger for salt when it is not provided 
for them. On the other hand, carnivora (flesh-eating animals) secure 
sufficient salt in the flesh and blood they consume and therefore need 
no additional salt. Though swine and poultry need less salt than 
herbivora, it is generally advantageous to supply them with it. If 
swine are fed tankage or fish meal as the chief or the only protein 
supplements, these feeds may supply sufficient salt for their needs, as 
is shown in Chapter XXXV. 

The requirements of the various classes of stock for salt are dis- 
cussed in detail in the respective chapters of Part III. The salt re- 
quirements will vary to some extent in different localities, depending 
on the salt content of the feeds grown there and on whether the water 
contains an appreciable amount of salt. Occasionally, the alkali de- 
posits in arid districts contain so large a proportion of salt that it is 
not necessary to provide additional salt for livestock grazing on these 
areas. 

Salt may be supplied to stock in the form of loose salt, lumps of 
rock salt, or salt blocks, the choice depending on which form is cheaper 
or more convenient. A common method of furnishing salt is to provide 
a supply where the stock can take what they desire. They will not eat 
too much unless they have previously received an insufficient supply. 
In such a case they may at the start take so much as to cause indigestion, 
and therefore the amount must be limited at first. 

Both sodium and chlorine are essential for animal life.^^ They 
perform important functions in maintaining the osmotic pressure in 
the body cells, upon which depends the transfer of nutrients to the 
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cells and the removal of waste materials, Chlorine is also required for 
the formation of the hydrochloric acid in the gastric juice. Blood is 
much richer in sodium and in chlorine than in other minerals and 
contains about 0.17 per cent of each, most of these amounts being 
present in the form of sodium chloride, or salt. 

Normally, considerable sodium and chlorine are excreted daily, 
chiefly in the urine. Also, sweat is high in these minerals. It is of 
interest to note that when men are doing hard labor at unusually high 
air temperatures, as in deep mines, they suffer less from fatigue if 
they drink water containing a small amount of salt. This replaces the 
quantity lost in the profuse sweat. This shows that the salt supply 
should be liberal for horses performing severe work and therefore losing 
unusually large amounts of salt from their bodies. 

If animals receive insufficient salt, the body retains its supply 
tenaciously, and the excretion in urine is greatly reduced. However, 
if the lack is long continued, injury will result. This is well shown 
in Wisconsin experiments conducted many years ago with dairy cows.^^ 
Cows that were Well fed otherwise were given no salt for a year. After 
2 or 3 weeks, they showed abnormal appetites for salt, but their health 
w’as not usually affected for a much longer time. Finally, a complete 
break-down occurred, marked by loss of appetite, lusterless eyes, rough 
coat, and a very rapid decline in both live weight and yield of milk. 
If salt was supplied, recovery was rapid. 

In one case potassium chloride was given instead of common salt 
(sodium chloride). Recovery followed as quickly as when common salt 
was supplied, showing that the lack of chlorine was chiefly responsible 
for the trouble, and not a lack of sodium. 

It has been claimed that salt is very poisonous to poultry, and that 
injury will result if their ratioAs contain more than very small amounts. 
While too large a dose of salt will, without question, kill chickens, in 
Illinois tests they grew normally on rations containing as much as 
8 per cent of salt, which is an extremely large percentage.®® 

169. Calcium and phosphorus. — ^Farm animals are more apt to 
suffer from a lack of phosphorus or of calcium than from any of the 
other minerals except common salt. Calcium and phosphorus compounds 
niake up about three-fourths of the mineral matter in the entire bodies 
of farm animals and over 90 per cent of that in their skeletons. They 
also form more than half the minerals in milk. Therefore liberal 
amounts of calcium and phosphorus are needed by growing animals, 
by those that are pregnant, and by those which are producing milk. 
Even for the mere maintenance of mature animals, sufficient amounts 
of these minerals must be provided to replace the daily losses from the 
body, or injury will eventually result. 

In order to assimilate and use the calcium and phosphorus in their 
food for the formation and renewal of the bones and for other purposes, 
animals must have an adequate supply of vitamin D. As is shown later 
in this chapter, this may be furnished either in the feeds they eat or 
through the effect of sunlight or other light that contains ultra-violet 
rays. Also, the ratio, or proportion, between the amount of calcium and 
the amount of phosphorus in the ration should be within certain limits. 
A great excess of one of these minerals may be detrimental, even though 
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the supply of the other is ample. The importance of this factor is 
discussed later. 

Under present conditions farm animals suffer from a deficiency of 
phosphorus or of calcium much more frequently than in early days. 
This is because of two different factors. First, the supply of these 
minerals in the common feeds, especially in roughages, has decreased 
in the older farming districts as the calcium and phosphorus content 
of the soil has been depleted. Second, the requirements of farm animals 
for these minerals have become much greater, as their rates of produc- 
tion of meat or milk have been increased through breeding and through 
improved and more intensive methods of feeding and management. 

Under many conditions the supply of both these minerals is en- 
tirely adequate in the usual rations for farm animals, without the 
addition of any special calcium or phosphorus supplements. On the 
other hand, a lack of one or both of these minerals may sometimes 
occur which lowers production or even causes serious injury to the 
animals. It is therefore essential for efficiency in stock farming that 
one understand the requirements of livestock for phosphorus and for 
calcium, and that he know whether or not there are adequate amounts 
of these minerals in any particular ration. 

Stock require somewhat greater amounts of calcium than they do 
of phosphorus, for the amount of calcium in their bodies is much 
greater than of phosphorus. Also, milk contains slightly more calcium 
than phosphorus. In spite of these facts, there is less apt to be a lack 
of calcium than of phosphorus in the rations of horses and of ruminants, 
including cattle and sheep. This is because roughages generally make 
up a large part of the feed consumed by these animals, and most 
roughages contain much more calcium than they do of phosphorus. 
Only when such animals are fed largely on grain and other concen- 
trates or when the roughage is of unusually poor quality, is there apt 
to be a deficiency of calcium. 

The condition is, however, far different in the case of swine and 
poultry. They are commonly fed chiefly on grain and grain by-products, 
all of which are very low in calcium, but fair or even high in phosphorus 
content. There may therefore be a decided lack of calcium in their 
rations, unless protein supplements of animal origin are fed which are 
rich in calcium, such as meat scraps, tankage, fish meal, or milk. 

160. Calcium and phosphorus content of various feeds. — The 
information on the exact amounts of calcium and phosphorus in the 
many different feeding stuffs is even yet very limited, in comparison 
with the large number of analyses that have been made for protein, 
fat, fiber, nitrogen-free extract, and total mineral matter. This is be- 
cause the real importance of these minerals in stock feeding has been 
appreciated only during recent years. To furnish as complete informa- 
tion as possible on the calcium and phosphorus content of various feeds, 
the author has made an extensive compilation of such data. The aver- 
age percentages of these minerals in different feeding stuffs, as deter- 
mined in this compilation, are shown in Appendix Table I. 

In using* these average figures it must be remembered that the 
amounts of these minerals in any particular lot of feed, especially of 
a roughage, may differ considerably from the average. (107) When 
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grown on soil low in available phosphorus or in calcium, roughages will 
generally contain decidedly less of the mineral than when grown on 
fertile soil. Thus, timothy hay grown on calcium-rich land may con- 
tain more than twice as much of this mineral as hay cut at the same 
stage of maturity, which has been grown on soil very deficient in 
calcium. 

It will be noted that the legume hays and all other legume forages, 
including legume straws, are rich in calcium. This is one of the 
most important facts with reference to the calcium content of feeding 
stuffs. Alfalfa hay contains 1.43 per cent calcium; red clover hay, 1.21 
per cent ; and soybean hay, 0.96 per cent. Even alfalfa stems have 0.79 
p^r cent calcium. Though the calcium content of legume forage is 
influenced to some extent by the amount of this mineral in the soil, 
one can always safely count on its being relatively rich in calcium. If 
the soil is too deficient in calcium, legume crops will not grow. 

At early stages of growth forage plants contain much more calcium 
and phosphorus, on the dry basis, than at later stages. Thus immature 
grass from a closely-grazed pasture will be much richer in these min- 
erals, if dried, than the grass would be if allowed to grow up for hay. 

Non-legume roughage in general contains much less calcium than 
that from legumes, and if grown on soil deficient in calcium, such 
roughage may be considerably lower in this mineral than indicated 
by the average figures. Timothy hay of average quality has 0.27 per 
cent calcium ; good-quality hay from mixed grasses, 0.48 per cent ; and 
dry corn stover, 0.46 per cent. Cereal straw is slightly lower than 
grass hay in calcium content. Silage from corn or tlie sorghums con- 
tains approximately as much calcium, on the dry basis, as does hay 
from the grasses. Koots and tubers are generally low in calcium. 

None of the common roughages are rich in phosphorus, the amounts 
in various hays usually ranging from 0.15 per cent or even less, up 
to 0.25 per cent. Early in their growth, grasses and legumes have 
a larger percentage of phosphorus on the dry basis than at the hay 
stage. Thus, dried pasture grass from well-grazed, fertile pastures 
has 0.41 per cent phosphorus. Legume hay contains but little more 
phosphorus than grass hay of similar quality. Fodder and silage from 
corn or the sorghums have about the same content of phosphorus, on 
the dry basis, as grass hay. The stover from these crops and the 
straws from the small grains are very low in phosphorus, having only 
0.09 to 0.13 per cent. Likewise, such feeds as cottonseed hulls and 
flax straw are very low in phosphorus. On the dry basis, roots and 
tubers tend to have slightly more phosphorus than the hay crops. 

All the cereal grains are exceedingly low in calcium, the content 
ranging from only 0.01 per cent for corn and 0.03 per cent for wheat 
to 0.09 per cent for oats. On the other hand, the grains are fair in 
phosphorus content, the percentage ranging from 0.27 per cent in corn 
to 0.43 per cent in wheat. Beet pulp, beet molasses, and cane molasses 
are very low in phosphorus. 

A very important fact is that most of the protein-rich concentrates 
of plant origin are much higher in phosphorus than the grains or the 
roughages, but none of them are rich in calcium. Wheat bran is 
especially rich in phosphorus, containing 1.32 per cent. Standard 
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Over 90 per cent of the mineral matter in the skeleton consists of calcium and 
phosphorus. In certain rations the amount of these mineral elements may be 
insuflicient for health. (From Ellenberger.) 



Pigs Suffering From Severe Cases of Rickets 

These pigs received a ration of white corn and skimmilk, without pasture or 
legume hay. This ration was deficient in vitamin D and also in vitamin A. 
Note the stiff and paralyzed condition of the pigs. The pig on the left died 
within a week after the photograph was taken, while the one on the right 
gradually recovered when a vitamin supplement was added to the ration. 
(From Wisconsin Station.) 




Cau*' Suffering From Severe Rickets 

Rickets may be produced by a deficiency of calcium, of phosphorus, or of 
vitamin D. jNote crippled condition, severe stiffness, bent and swollen krirc's, 
swollen hocks, and arching of back. (From Huffman, Michigan Station.) 



Calf With Mild Case of Rickets 

This calf is beginning to show the arching of the back and the swollen knees 
and stiffness characteristic of rickets. Note the tendency to develop long toes. 
(From Huffman, Michigan Station.) 
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wheat middlings has 0.94 per cent; cottonseed meal, 1.11 to 1.24 per 
cent; and linseed meal, 0.86 per cent. Wheat flour middlings has 
considerably less phosphorus than standard middlings, containing only 
0.72 per cent, and wheat red dog flour contains still less. 

The protein-rich legume seeds are not very high in phosphorus, 
soybeans having 0.60 per cent; field peas, 0.40 per cent; and cowpeas, 
0.47 per cent. Soybean oil meal contains 0.66 per cent phosphorus 
and peanut oil meal only 0.55 per cent. Corn gluten meal and corn 
distillers' grains arc relatively low in phosphorus for protein-rich 
concentrates, containing but 0.38 and 0.31 per cent, respectively. 

Milk is high both in calcium and phosphorus, dried skimmilk 
having 1.24 per cent calcium and 0.96 per cent phosphorus. Pish 
meal, meat scraps, and tankage are the richest of all common feeds 
both in calcium and in phosphorus, due to the bone they contain. For 
example, fish meal has 5.37 per cent calcium and 2.98 per cent phos- 
phorus. On the other hand, dried blood has only 0.33 per cent calcium 
and 0.26 per cent phosphorus. 

161. When do lacks of calcium or phosphorus occur? — From these 
data showing the calcium and phosphorus content of various classes 
of feeds, certain general conclusions may be drawn: When legume 
hay or mixed hay containing considerable legumes forms any important 
part of the ration for cattle, sheep, and horses, they will ordinarily 
have an abundance of calcium. Even when no legume roughage is 
fed to these classes of stock, there will usually be no deficiency of 
calcium unless the roughage is grown on soil very low in calcium, or 
unless they are fed largely on grain and other concentrates, with but 
a limited amount of roughage. 

Even though good dairy cows need large amounts of calcium for 
the milk they produce, it is shown in Chapter XXIV that generally 
there is no marked deficiency of calcium in their rations if they are 
fed roughage of good quality, even when none of it comes from the 
legumes. However, when no legume roughage whatsoever is fed to 
high-producing cows, it is probably wise to supply a calcium supple- 
ment as insurance against any possible lack, unless the non-legume 
roughage comes from soil well supplied with calcium. 

It is shown in Chapters XXIX and XXXII that when young cattle 
or lambs are fattened on liberal amounts of grain, with non-legume 
roughage and such protein supplements as cottonseed meal or linseed 
meal, there may be a decided lack of calcium in the ration. This is 
because they do* not eat enough roughage to meet their calcium re- 
quirements. In such cases there will generally be a great benefit in 
rate and economy of gain from feeding a calcium supplement, such 
as ground limestone. 

If the animals have been raised previous to the fattening period 
in an area where the forage is high in calcium, they may have in 
their bodies a sufficient store of the mineral to meet their needs during 
the usual fattening period. They may then show little or no benefit 
from the addition of a calcium supplement to such a ration. This 
may also sometimes be the case when fattening stock are fed a ration 
low in phosphorus. 

There will be a serious lack of calcium in the rations of swine 
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and poultry if they are fed on grain and protein supplements of plant 
origin, without such calcium-rich animal by-products as meat scraps, 
ta^age, fish meal, or milk. Even when on legume pasture, swine may 
not consume enough of the calcium-rich forage to meet their require- 
ments if fed only grain and protein supplements low in this mineral. 
On the other hand, when meat scraps, tankage, fish meal, or milk are 
used as the chief supplements, there will be no lack of calcium in the 
ration. 

Since the cereal grains are fair in phosphorus content and most 
protein-rich concentrates are rich in this mineral, there will generally 
be no lack of it when stock are fed a considerable proportion of such 
feeds in a well-balanced ration. However, when the ration is balanced 
only by those protein supplements which are not rich in phosphorus, 
there may be a lack of the mineral. 

* The phosphorus supply for cattle, sheep, and horses will be ample 
even when they are fed entirely on roughage, if the forage has been 
grown on soil reasonably well supplied with the mineral. On the other 
hand, there" may be a serious deficiency of phosphorus if stock are 
fed chiefly on phosphorus-poor forage, without any supplement that 
is high in this essential. 

On account of the high phosphorus requirements of dairy cows, 
they may not receive sufficient of the mineral when fed a ration of 
legume hay and corn or other grain, unless the hay comes from land 
having an ample supply of phosphorus. Since beet pulp and beet 
molasses are especially low in phosphorus, a deficiency must be guarded 
against when these feeds form any large part of the ration, by using 
a phosphorus supplement or by feeding a protein supplement like 
cottonseed meal, which is high in the mineral. 

Much of the phosphorus in seeds and their by-products is in the 
form of phytin and related organic compounds. In recent studies 
with rats, used as laboratory test animals, phosphorus in such form 
has not been as well utilized as that in the form of phosphates, as 
supplied by bone meal.^* 

These studies have raised the question as to the relative value 
for farm animals of the phosphorus furnished by the grains and other 
seeds and their by-products. However, in Utah experiments with fat- 
tening cattle, wheat mixed feed and cottonseed meal both proved just 
as efficient as bone meal when added to a ration very deficient in 
phosphorus.^® Also, in other experiments with various classes of stock 
which are mentioned in Part III, there has been little or no advantage 
from adding bone meal to a ration containing a liberal amount of 
phosphorus supplied chiefly by seeds and their by-products. It there- 
fore seems safe to conclude that there is no need of adding a phosphorus 
supplement to a ration for stock that contains an ample total amount 
of phosphorus, even though much of it is provided by seeds and their 
by-products. 

The requirements of each class of stock for calcium and phosphorus 
are discussed in detail in the respective chapters of Part III. Specific 
information is also there presented as to whether or not various com- 
mon rations are deficient in these minerals, and recommendations are 
given for the correction of any such deficiencies. 
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162 . Calcium-phosphorus ratio. — It has been mentioned previ- 
ously that not only must animals receive adequate amounts of calcium 
and phosphorus, but also there should be a suitable proportion or ratio 
between the amounts of these two minerals.^® If there is a great excess 
of calcium or of phosphorus, detrimental effects may be produced, even 
when there is an amount of the other mineral that would be adequate 
under usual conditions. Also less vitamin D is needed in the ration 
when there is a desirable calcium-phosphorus ratio. 

As yet there have been but few investigations to determine the 
optimum ratios between the amounts of calcium and of phosphorus 
for the various classes of farm animals.^^ An ideal proportion of 
these minerals is probably from 1 to 2 parts of calcium to each part 
of phosphorus, or a calcium-phosphorus ratio ranging between 1:1 
and 2:1. However, especially when there is an ample supply of vita- 
min D, satisfactory results are secured when the proportion of calcium 
is much greater than this. For example, rations having a calcium- 
phosphorus ratio as wide as 6.5:1 have been entirely satisfactory for 
raising dairy calves in Michigan experiments.®^ 

163. Effects of calcium or phosphorus deficiency; rickets. — A 
decided deficiency of calcium or phosphorus or a lack of vitamin D 
will cause rickets in growing animals and will also produce serious 
trouble in mature animals. Even a moderate lack may result in a 
weak skeleton that can not withstand the usual strains and shocks. 

The term rickets is commonly used for the deficiency disease pro- 
duced in young animals by a lack of ^calcium, phosphorus, or vitamin 
D. (Sometimes the term is used also for similar bone diseases in 
mature animals.) In rickets the blood becomes deficient in phosphorus 
or calcium or in both of these minerals. As a result, normal deposition 
of calcium and phosphorus can not occur in the growing bones. They 
therefore are weak and are readily broken or fractured. In an attempt 
to overcome the weak structure, the long bones become abnormally large 
at the ends, where the growth takes place. Characteristic enlargement 
or ‘‘beading^’ at the ends of the ribs often results. If rickets develops 
at an early age, the legs may become decidedly bowed. 

Among the larger farm animals, rickets occurs most frequently 
in young cattle and pigs. The methods of preventing this trouble 
are therefore given especial consideration in Chapters XXVIII and 
XXXV. 

In young cattle characteristic symptoms of rickets are stiffness, 
bent and swollen knees, swollen hocks, and an arching of the back, 
except immediately at the rear of the shoulders, where there is often 
a sag. The animal frequently stands humped up with middle drawn up, 
and is often easily excited and may have attacks of fits. Respiration 
is rapid, and the animal becomes exhausted from slight exertion. A 
depraved appetite may develop, as shown by the chewing of bones, 
wood, or hair. In severe cases the animal may show a decided lack 
of appetite, especially for roughage. 

The most marked symptom of rickets in pigs is stiffness of the 
legs. This is usually accompanied by a general unthrifty appearance 
and a failure to make good gains in weight. Eventually, paralysis 
of the hind legs often occurs. This is due, at least in certain cases, 
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to a fracture of one of the vertebra and the resulting crushing or 
constriction of the spinal cord. 

If the disease has not advanced too far, the animal will usually 
recover when supplements are added to the ration that furnish liberal 
amounts of vitamin D, calcium, and phosphorus. However, recovery 
may be slow if it has reached the stage where there is a marked lack 
of appetite. Also, it may be impossible to overcome malformations 
of the skeleton produced by the disease. 

164. Effect of calcium or phosphorus lack on mature animals. — 
In the case of mature animals a deficiency of calcium or phosphorus 
or a lack of vitamin D produces mineral-deficiency diseases which are 
somewhat different from rickets. Calcium and phosphorus are with- 
drawn from the bones to meet the needs for these minerals by the 
body. As a result the bones become porous and weak and are therefore 
easily broken. The animals often become lame or stiff, because of 
injury to the joints. 

Due to the porous condition of the bones, these deficiency diseases 
are often called osteoporosis. Other names given to these troubles are 
pica, stiffs, and osteomalcia. Sometimes these diseases are included 
under the term rickets, but this term is properly used only for the 
similar disease in growing animals. 

Stock suffering from these mineral deficiencies usually have de- 
praved appetites and gnaw bones, wood, or other objects or eat dirt 
in an instinctive effort to secure the needed minerals. Through eating 
decayed bones or flesh, animals on range pastures may become infected 
with botulism or other diseases, or be poisoned by toxic substances in 
such material. 

It has been found during recent years that there are many areas 
in this and other countries where stock suffer seriously from a defi- 
ciency of phosphorus in pasturage, hay, and other feeds.®® In these 
areas the soil is so lacking in available phosphorus that the crops grown 
thereon have a much lower content of this mineral than normal. 

Fertilization with superphosphate or other phosphorus fertilizers 
not only greatly increases the yields of crops in such areas, but also- 
produces feeds of normal phosphorus content and therefore prevents 
injury to stock from a lack of the mineral. Wherever fertilization 
of the land is not practicable, as on range areas, trouble from phos- 
phorus deficiency may be prevented by supplying bone meal or some 
other safe phosphorus supplement. 

Common symptoms of phosphorus deficiency are depraved appetite, 
stiffness of the joints, lack of appetite, and a run-down, unthrifty 
condition. The bones sometimes become so soft or brittle that they 
are readily broken. In severe cases of phosphorus deficiency the ani- 
mals may no longer show a depraved appetite, but appear listless and 
have little desire for food. High-producing cows and young stock 
are usually most affected by the deficiency, due to their greater needs 
for the mineral. In phosphorus-deficient areas cows frequently fail to 
come in heat regularly and often do not calve more than once in two 
years. 

In cases of phosphorus deficiency, animals not only have poor 
appetites and eat less feed than normal, but also they utilize poorly 
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that which they do consume. Kansas and Minnesota studies show that 
the lack of the mineral does not lessen the digestibility of the ration, 
but it deranges metabolism so that the digested nutrients are used 
inefficiently.^® This is perhaps because phosphorus compounds are 
probably involved in the conversion of carbohydrates into body fat 
or the fat of milk. 

As has been previously stated, there is much less apt to be a 
deficiency of calcium than of phosphorus in the common roughages. 
However, in a few areas, as in certain sections of Florida, the soil is 
so deficient in calcium that serious trouble results unless stock are 
supplied with a calcium supplement.'^^ While dairy cows suffering 
from phosphorus deficiency are commonly thin and run-down in con- 
dition, those affected by a lack of calcium may be in good flesh if fed 
liberally on concentrates. However, their milk yield may be greatly 
reduced, and their bones may be broken without any unusual strain 
or shock. 

If breeding females are fed rations seriously deficient in phos- 
phorus or calcium, the body of the mother does its utmost to protect 
the young against the lack by withdrawing the mineral from the 
skeleton. In extreme cases, normal reproduction may be prevented 
and the young may be born weak or even dead. This is much more 
apt to occur in the case of brood sows than with herbivora, for sows 
fed on only grain and grain by-products receive a ration that is disas- 
trously deficient in calcium. 

166. Calcium supplements. — When a ration is fed that is deficient 
in calcium, in phosphorus, or in both of these minerals, the lack should 
be corrected by the use of a suitable mineral supplement. In deciding 
what supplement to use, one should first determine which mineral is 
lacking. If the ration is deficient only in calcium and has plenty 
of phosphorus, it is uneconomical to use a supplement like bone meal, 
which furnishes both of these minerals. Such supplements cost much 
more than ground limestone or other calcium supplements. 

Also, if there is already an abundance of phosphorus in the ration, 
it may be injurious to add considerably more. For example, the addi- 
tion of a phosphorus supplement to a ration for chicks which is already 
rich in this mineral may cause the serious trouble known as “slipped 
tendon. ” 

The calcium supplement most commonly used when this mineral 
alone is lacking, is ground limestone. This is generally cheap in price 
and is readily available in most sections. High-calcium limestone, or 
calcitic limestone, is to be preferred as a mineral supplement, as the 
value depends on the actual amount of calcium present. Such limestone 
has about 38.5 per cent calcium. Dolomitic limestone, which contains 
considerable magnesium carbonate, is also fairly satisfactory, though it 
has been somewhat inferior to calcitic limestone in certain tests.^ Its 
value per ton is of course lower than that of calcitic limestone, due to 
the smaller amount of calcium it supplies. 

Ground oyster shells and ground clam shells are excellent calcium 
supplements. These supplements contain approximately the same 
amounts of calcium as does high-calcium limestone. 

Marl is also satisfactory as a calcium supplement when it does 
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not contain too large a proportion of clay or sand. Its value per ton 
will obviously depend on the amount of calcium it supplies. 

Precipitated calcium carbonate, a by-product from soap and sugar 
factories, is sometimes available for use as a mineral supplement and 
is entirely satisfactory for the purpose. 

Wood ashes contain about two-thirds as much calcium as does 
ground limestone and may be used in place of it as a calcium supple- 
ment, when available on the farm. 

Gypsum supplies calcium in the form of calcium sulfate instead 
of calcium carbonate, as in limestone and the other calcium supple- 
ments that have been mentioned. It is apparently satisfactory for 
use as a calcium supplement in stock feeding. 

TJnslaked lime or water-slaked lime (hydrated lime) should not 
be fed to stock because of their caustic nature. 

166. Phosphorus supplements. — The mineral supplement used 
most commonly to correct deficiencies of phosphorus is steamed bone 
meal. Other* satisfactory phosphorus supplements are so-called “raw 
bone meal,’’ spent bone black, dicalcium phosphate, and phosphates 
of rock origin from which practically all of the fluorine has been 
removed. These phosphorus supplements all supply calcium as well 
as phosphorus, bone meals and spent bone black containing twice as 
much calcium as phosphorus. 

As is stated later, superphosphate or untreated rock phosphate or 
phosphorized limestone cannot be recommended for use as mineral sup- 
plements in stock feeding over extended periods, on account of their 
fluorine content. (171) 

167. Steamed bone meal. — In the production of steamed bone 
meal for feeding purposes, fresh bones of suitable quality are cooked 
under steam pressure very thoroughly. This extracts most of the pro- 
tein and fat, which are used for other purposes. The residue is pressed 
and dried, and then ground for sale as steamed bone meal, often called 
merely “bone meal.” Steamed bone meal contains an average of 32.6 
per cent calcium and 15.2 per cent phosphorus, with only 7.1 per cent 
protein and 3.3 per cent fat. 

• Raw material of much better quality should be used in making 
bone meal for stock feeding than for fertilizer bone meal. Therefore 
it is wise to buy for feeding only products that are known definitely to 
have been made especially for this purpose. Fertilizer bone meal often 
has a rank, disagreeable smell, while a good grade of feeding bone 
meal should have but little odor, and should be nearly white in color. 

168. Raw bone meal — This by-product was formerly often used 
for poultry, but it has now been almost entirely replaced by steamed 
bone meal. It is not a raw or uncooked product at all, but is thoroughly 
cooked in open kettles instead of under steam pressure, as in the 
making of steamed bone meal. Due to the lower temperature, the 
protein is removed less completely, and raw bone meal is therefore 
lower in phosphorus and calcium. It has an average of 25.8 per cent 
protein, 2.9 per cent fat, 23.0 per cent calcium and 10.9 per cent 
phosphorus. Raw bone meal is sometimes ground more coarsely than 
steamed bone meal and screened into various sizes for poultry of dif- 
ferent ages. 
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169. Spent bone black, or bone char. — Bone black is a granular 
product made by charring bone in closed retorts and grinding it 
coarsely. It is employed especially for clarifying and decolorizing 
the sirup in the manufacture of cane or beet sugar and in making 
table sirups. After the bone black has once been used and has taken 
up organic impurities, it is re-charred and used again. Finally, it 
becomes too powdery for further use, and is then dried and sold as 
spent hone blacky or bone char, for stock feeding or for fertilizer. 

Though black in color, spent bone black contains about two-thirds 
as much phosphorus and calcium as steamed bone meal, having 10.9 
per cent phosphorus and 22.0 per cent calcium. It may be used in 
the same manner as steamed bone meal in stock feeding. 

170. Dicalcium phosphate; other phosphate products. — Dicalcium 
phosphate is made either from rock phosphate or bone, the phosphate 
being dissolved in acid and then precipitated. If the fluorine in rock 
phosphate is nearly all removed in the process of manufacture, the 
product made from rock phosphate is just as satisfactory as that made 
from bone. Dicalcium phosphate contains about 18 per cent phos- 
phorus, in comparison with 15.2 for bone meal. Per pound of phos- 
phorus, dicalcium phosphate is no more valuable than steamed bone 
meal as a mineral supplement. 

Monocalcium phosphate is a product somewhat similar to dicalcium 
phosphate, except that it contains much less calcium and more phos- 
phorus. If the fluorine has been sufficiently removed in the process 
of manufacture, monocaleium phosphate is a satisfactory mineral sup- 
plement when only phosphorus is lacking in the ration, but it furnishes 
relatively little calcium. 

Other phosphate products made from rock phosphate or from 
phosphorized limestone are satisfactory for use in stock feeding, pro- 
vided that practically all of the fluorine has been removed in the 
manufacturing process. One should, however, be sure that such prod- 
ucts do not contain dangerous amounts of fluorine. It is not advisable 
to feed fertilizer superphosphate or untreated rock phosphate to stock 
for any long period, due to their content of fluorine. 

171. Fluorine; rock phosphate, phosphorized limestone, super- 
phosphate. — It has long been known that fluorine is a violent poison 
when taken into the body in any considerable amounts.^^ Recent investi- 
gations have shown, furthermore, that even very small amounts of this 
mineral have a poisonous effect if these amounts are steadily consumed 
over a long period of time. The chief effect is upon the teeth and 
bones. It is of interest to mention that the presence of more than a 
mere trace of fluorine in the drinking water is the cause of the seri- 
ous condition of the teeth of humans which is known as ‘'mottled 
enamel. 

These investigations upon the toxic effects of fluorine are of great 
importance in stock feeding, for rock phosphate (sometimes called 
"lime phosphate’^), which has been used to some extent as a mineral 
supplement for farm animals, usually contains 3 to 4 per cent of 
fluorine. Due to this fluorine content, when 1.5 per cent of rock 
phosphate was included in the concentrate mixture for dairy cattle 
in Michigan investigations, the teeth became so soft that they wore 
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down to such an extent within 2 years that the cattle were unable to 
chew their feed properly.^® Also, the teeth were so worn that the 
animals were unable to* drink cold water, because of the pain, but 
lapped it with the tongue, like cats or dogs. There was also marked 
derangement and injury to various bones of the body. Similar results 
were produced when a proprietary mineral mixture was fed that in- 
cluded rock phosphate as one of the ingredients. 

In Wisconsin experiments in which only 0.6 lb. of rock phosphate 
was included in each 100 lbs. of the concentrate mixture for dairy 
cattle, they showed no apparent effects during the first 3 years. How- 
ever, during the next 2 years their teeth showed the same changes 
as in the Michigan experiments, and the cows had poor appetites, lost 
weight, and declined in milk production.^® Also, oestrum was delayed 
following calving, and the calves were smaller than normal at birth. 

In the Wisconsin experiments swine were also fed for three gen- 
erations on rations containing various percentages of rock phosphate. 
A ration containing 1.6 per cent of rock phosphate was distinctly 
harmful, and one containing 0.8 per cent did not produce normal 
results when fed to pigs in dry lot. However, there was no apparent 
injury to swine when only 0.4 per cent rock phosphate was included 
in the ration. Injury has also resulted in experiments at other stations 
when much rock phosphate has been included in rations for swine.®' 
In Ohio experiments poor results were secured with chicks when the 
ration contained more than 1 per cent rock phosphate, while satis- 
factory results were obtained in Wisconsin tests with a ration carrying 
2 per cent rock phosphate.®® 

Phosphorized limestone, which is part way between limestone 
and rock phosphate in chemical composition, has been used to some 
extent as a mineral supplement for stock feeding.®* Though the actual 
percentage of fluorine in this product is lower than in rock phosphate, 
the proportion between the amoimt of phosphorus and the amount 
of fluorine is nearly the same as in rock phosphate. Therefore, if 
enough phosphorized limestone is fed to supply a certain amount of 
phosphorus, the ration will have nearly as much fluorine as though 
rock phosphate had been used. In an instance which came under 
the observation of the author, disastrous results were produced in a 
dairy herd which, according to the owner, had Wen fed phosphorized 
limestone as a mineral supplement for 3 to 4 years. This had been 
done in a mistaken and vain effort to eradicate infectious abortion, 
or Bang’s disease, by the use of a mineral supplement, instead of 
eradicating the disease by means of the blood test. 

• In the manufacture of superphosphate for fertilizer from rock 
phosphate most of the fluorine is not removed. Therefore continued 
tise of much superphosphate as a mineral supplement would undoubt- 
edly produce the same effects as rock phosphate. 

Since there is^ but little definite information as to how much of 
these products which contain appreciable amounts of fluorine can be 
safely fed to the various classes of stock, it is the best plan to use 
instead a phosphorus supplement which is entirely safe, such as steamed 
bone meal. It would seem especially unwise to feed these fluorine- 
containing products in appreciable amounts to breeding animals for 
any extended length of time. 




Gorna? Sometimes Caeses Heavy Losses 

A litter of pigs affected with goiter, or ^‘hairlessness/’ caused by a lack of 
iodine in the ration of the sow. Some of the pigs are dead, while others are 
still alive, although very weak. After this sow had been given iodine in the 
form of potassium iodide during her next g('station period, sh(‘ produced a 
litter of thrifty pigs. (From Hart, Wisconsin Station.) 
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Fluorine in Certain Kock Products JMay Poison Stock 

Jaw bone and teeth of cow which had been fed a mineral supplement con- 
taining fluorine for three years. The teeth were worn down to such an extent 
that the cow was unable to chew her feed normally. In spite of liberal feeding 
she became a pitiful WTCck. (From Udall, New York State Veterinary College, 
Cornell University.) 





The Pig on the Left Has Severe Anemia 

These pigs are litter mates. The one on the left was raised by its mother 
in a hog house and a small paved exercise lot, without access to the soil. 
It has severe anemia, due to the lack of iron and copper in milk. (Sec Chapter 
XXXV.) The thrifty pig on the right was transferred soon after birth to a 
sow whose udder was swabbed with a solution of ordinary iron sulfate. (From 
J. P. Willman, New York, Cornell, Station.) 


Experiments With Rats Have Solved Many Problems 

Much of our knowledge concerning proteins, vitamins, and minerals has 
been gained through experiments with small laboratory animals. Equipment 
for investigations with rats and other small animals in the Animal Nutrition 
Laboratory, Animal Husbandry Department, Cornell University. (From McCay 
and Maynard.) 
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172. Iodine; goiter in farm animals. — It has been explained 
previously that the rate of metabolism of the body is controlled through 
the action of thyroxin, an iodine-containing compound secreted by the 
thyroid gland in the neck. (63) If an animal secures insufficient 
iodine in its food to make possible the production of the normal amount 
of thyroxine, the thyroid gland may enlarge in the attempt to make 
sufficient thyroxine, and the ordinary type of goiter will result. 

Formerly, there were heavy losses of new-born pigs, lambs, kids, 
calves, and foals from goiter in certain sections of the northwestern 
states, in western Canada, and in other iodine-deficient areas. For 
some unknown reason the severity of the trouble varied greatly from 
year to year. 

The young thus affected are bom dead or weak, the losses being 
especially severe in the case of pigs and lambs. Such pigs usually 
are practically hairless, and the disease in swine is often called ‘^hair- 
less pigs,” The pigs have thick, pulpy skin and large necks, and 
seem unusually large and fat because of a bloated condition. In lambs 
and calves affected wdth goiter, the enlarged thyroid gland is readily 
seen. In foals there is seldom a visible goiter, the only symptom 
usually being extreme weakness at birth. 

Experiments have proved conclusively that goiter in new-bom 
farm animals can be entirely prevented by supplying small amounts 
of iodine to the pregnant animals during at least the last half of the 
pregnancy period,'^^’ The simplest method of furnishing iodine is to 
supply iodized stock salt during this period, instead of ordinary salt. 
Such salt should contain 0.02 per cent of potassium iodide, which is 
equivalent to 1 ounce of potassium iodide in each 300 lbs. of salt. 
If iodized salt made by a reliable manufacturer is not readily available, 
it can be easily mixed on the farm. 

If for any reason salt is not fed to brood sows, potassium iodide 
tablets can be used instead of iodized salt. Once a week enough of 
the tablets to supply each sow with 2 grains of potassium iodide should 
be dissolved in water, and the solution mixed with the feed. 

There is no need of thus supplying additional iodine to pregnant 
animals in areas where there has been no trouble from goiter in 
new-born animals. It is rather surprising that goiter does not com- 
monly occur among livestock in many areas where goiter among humans 
is common. For example, relatively few cases of goiter in stock have 
been reported in this country east of the Mississippi river. Also, 
mature farm animals rarely have any pronounced goiters, even in 
areas where losses of new-born animals from goiter are severe. 

There is very little evidence that there is any benefit from adding 
iodine to the rations of live stock except where this may be necessary 
to prevent goiter in the new-born young, or possibly to prevent navel-iil 
in foals, as is mentioned later. Several experiments have been con- 
ducted to study this question, including trials with dairy cows, dairy 
calves, pigs, lambs, and chickens.®^ In the majority of the tests there 
has b^n no distinct benefit from the addition of iodine to a normal 
ration. Even in the trials where an iodine supplement has apparently 
been beneficial, the advantage has usually been slight. 

In spite of these results, extravagant advertising claims are still 
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made for the widespread use of various iodine supplements. For 
example, statements are made that such products will build up re- 
sistance to various diseases, will prevent sterility and other breeding 
troubles, will eradicate or prevent infectious abortion (Bang^s disease), 
will cause a great increase in product, or markedly increase the effi- 
ciency with which feed is utilized. 

In areas where iodine deficiency is most serious, it may possibly 
be wise to use iodized salt regularly in place of common salt for all 
stock, and not merely for pregnant animals. On the other hand, in 
districts where there has been little or no trouble from goiter in live 
stock, the general use of iodized salt or other iodine supplements for 
farm animals does not seem to be warranted. There is no positive 
evidence that organic forms of iodine are more effective than iodized 
salt for preventing goiter, or that such iodine compounds are of especial 
benefit to stock. 

A very limited amount of data indicates that navel-ill and weak- 
ness of foals may be lessened by feeding brood mares during pregnancy 
as much as 14 to 15 grains of potassium iodide a week, with their grain.®^ 
Further results are needed before final conclusions can be drawn con- 
cerning the merits of this treatment. 

173. Iron and copper; cobalt. — ^An adequate supply of iron is 
essential for animals, because the oxygen needed by the tissues is trans- 
ported in the blood by the hemoglobin, which is an iron-containing 
compound. (62) Iron is also usually present in the nuclei, or life cen- 
ters, of the body cells, which control their activities. Iron compounds 
are, moreover, believed to play an important part in the oxidation of 
nutrients in the cells. 

In spite of the importance of iron, the animal body contains but 
a very small amount. Indeed, iron forms only about one part in 
twenty-five thousand, by weight, of our bodies. The tissues of a full- 
grown, healthy person contain only one-tenth ounce of this mineral. 

In addition to a sufficient supply of iron, small traces of copper 
must also be provided in the food to make possible the formation of 
hemoglobin in the body.®® It has been found that the copper is not a 
part of the hemoglobin, but that it is necessary to enable the body to 
produce hemoglobin.®^ When the essential traces of copper are not 
present, the animal can still assimilate iron from the food, but it merely 
stores the iron in the liver and is unable to manufacture hemoglobin. 
Traces of copper are therefore essential for animal life, although this 
mineral is a violent poison when any considerable amount is taken into 
the body. 

It has recently been found that still smaller traces of cobalt, a rare 
mineral, are also needed, at least by some animals, for the formation 
of hemoglobin, although it apparently contains no cobalt. 

If animals are fed a diet that is too low in iron, or in copper or 
cobalt, nutritional anemia will result. In this disease there is a serious 
lack of hemoglobin in the blood. Such anemia is very different from 
the disease in humans called pernicious anemia, and also differs from 
anemia caused by great loss of blood, as from a wound. 

There is usually no lack of iron, copper, or cobalt in the rations of 
farm animals, except perhaps during the suckling period, as is discussed 
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later. (174) However, in a few localities the forage is so low in one or 
more of these minerals that serious anemia of stock results. 

It was long known that cattle would not thrive on certain areas 
in Florida. They lost their appetites, they became emaciated and weak, 
and their blood was very low in hemoglobin. Young cattle were most 
affected by the disease and were often badly stunted. Many of the 
animals died from the disease, which is called “salt sick.^’ Goats, sheep, 
and swine were also affected in certain of the areas. 

After extensive investigations by the Florida Station it was con- 
cluded that the disease was due to a serious lack in the forage of iron, 
or of both iron and copper. Then it was found in Australia and New 
Zealand experiments that serious anemia in livestock might be caused 
by a deficiency of cobalt. The Florida investigators have recently found 
that at least in some areas of that state, the “salt sick’^ disease is due 
to a lack of cobalt.®® 

Recovery follows rapidly when the animals are allowed to take as 
much as they wish of such a mineral mixture as the following : 100 lbs. 
common salt, 25 lbs. red oxide of iron, 2 lbs. finely-ground copper sulfate, 
and 1 ounce cobalt chloride. The mixture must be mixed very thoroughly 
so no animal will get too much copper sulfate. In a few localities the 
forage is also deficient in phosphorus. In such cases it is also necessary 
to include bone meal or some other phosphorus supplement in the min- 
eral mixture. 

Baffling diseases of stock in certain other areas have been found to 
be caused by a lack of iron, copper, or cobalt, and have been cured by 
a suitable mineral supplement. For example, such deficiency diseases 
have been found and overcome in areas on the coast of Massachusetts, 
and in parts of Australia, New Zealand, Tasmania, southern Scotland, 
and British East Africa. Most recently, a disease of cattle in certain 
districts of Michigan has been found to be due to a deficiency of cobalt. 

Many investigations have been conducted to determine which 
sources of iron are most readily available for hemoglobin building, 
especially in the human body. It has been found that simple inorganic 
iron salts, such as ferric chloride, are readily utilized, while the iron in 
the complex organic iron compound in the hemoglobin of blood was 
much less readily used.®® This indicates that iron in organic compounds 
must be broken down in the body into simple inorganic iron salts, 
before it can be used. It was also found that the organic iron in the 
cereal grains was not so available as that in inorganic salts. 

The green-leaved parts of plants, especially of young plants, are 
rich in iron. Other feeds and foods relatively high in iron are most 
meats, legume seeds, cereal grains, and cane molasses. 

174. Anemia of suckling animals. — Milk is exceedingly low in 
iron and also in copper, and it is not possible by any method of feeding 
the mother to increase the amounts of these minerals in her milk.®^ 
To offset this lack, young mammals are bom with a store of the minerals 
in their bodies which normally suffices until they begin to eat other 
food that supplies plenty of these minerals. If they are continued on 
milk as an exclusive diet for an unusual length of time, disaster will 
follow on account of these and other deficiencies. (208) 

. When young farm animals are raised under normal conditions 
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and are allowed to eat other feed as soon as they will take it, there is 
generally no trouble whatsoever from anemia, the lack of red blood 
cells, except in the case of suckling pigs which are not on pasture 
but are confined away from the soil. Under such conditions the lack 
of iron, or of iron and copper, sometimes causes serious anemia, which 
is often called ‘‘thumps.’’ As shown in Chapter XXXVII this disease, 
often fatal to young pigs, can readily be prevented by swabbing the 
udder of the sow daily with a solution of an iron salt or by dosing 
the pigs once a week with the iron solution. 

176. Sulfur. — Sulfur is necessary for the life of animals, for it 
is an essential part of most proteins. Also, recent investigations indi- 
cate that an important part in the oxidations of nutrients in the body 
tissues is played by a compound called glutathione. This is composed 
of cystine (the chief sulfur-containing amino acid) and two other amino 
acids. 

Most of the sulfur used by animals in the formation of proteins 
and for other purposes probably comes from the cystine and other 
organic sulfur compounds in their feed. It has been shown previously 
in this chapter -that certain common feeds are low in cystine, and 
therefore do not produce good results unless this lack is corrected. (160) 

Since wool is especially rich in cystine, sheep have a higher sulfur 
requirement than other classes of stock.®® It has been shown previously, 
however, that although alfalfa hay is apparently rather low in cystine, 
the proteins have a high value for growing lambs. (164) This indi- 
cates that sheep can use other sources of sulfur for the formation of 
the cystine in wool, perhaps through the action of the bacteria in 
the paunch. 

So far as has been shown by experiments there is no advantage 
in adding sulfates or other inorganic sources of sulfur to the rations 
of livestock.®® 

176. Other essential minerals. — In addition to the minerals that 
have been discussed in detail, there are required by animals appreciable 
amounts of potassium and also traces of magnesium, manganese, and 
zinc. The usual foods and feeding stuffs apparently supply adequate 
amounts of these minerals for humans and livestock, with the exception 
that poultry rations may bo deficient in manganese. Further informa- 
tion concerning the functions and importance of these minerals is given 
in the following paragraphs. 

It is possible that minute traces of still other minerals are required, 
at least by certain animals. For example, it has been pointed out pre- 
viously in this chapter that a baiffing disease of livestock in certain areas 
has been found recently to be due to a deficiency of the exceedingly 
small traces of cobalt needed in making the hemoglobin in the red blood 
cells. This mineral had not previously been considered necessary for 
animal life. 

177. Potassium. — ^Potassium is essential tc animal life, and the bodies of 
animals contain more potassium than they do of either sodium or chlorine.eo How- 
ever, the usual feeding stuffs supply ample amounts, and therefore there is no need 
of adding potassium supplements to livestock rations. 

It has been a disputed point as to whether the presence in a ration of a 
considerable amount of potassium will cause an increased excretion of sodium, and 
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therefore a greater need for common salt.«i Though this often does not seem to 
be the result, nevertheless herbivora, which live largely on forage plants, that are 
high in potassium, require more salt than swine and poultry, which consume rations 
lower in this mineral. 

178. Magnesium. — ^Magnesium is present in only very small amounts in the 
bodies of animals, forming about 0.05 per cent of the human body. Nevertheless, 
recent investigations have proved that it is necessary for life .«2 if experimental 
animals are fed rations from which the magnesium has been removed as completely 
as possible, they will show increasing irritability after a few days and a little 
later die in convulsions. Most all normal foods contain the small traces of magnesium 
needed for life. Therefore, there is no lack of it, so far as is known, in any ordinary 
ration fed livestock. 

It was formerly believed that magnesium had a decidedly antagonistic action 
against calcium in the body, and that an excess of magnesium would cause a large 
loss of calcium, thus producing injury. Eecent experiments have shown that unless 
the amount of magnesium is very large, no bad results will be produced.<w As has 
been stated earlier in this chapter, dolomitic or magnesian limestone is fairly 
satisfactory as a mineral supplement for stock. 

179. Manganese. — ^Manganese is essential for animals and also for plants, but 
only mere traces of it are required.®^ A long-continued lack of manganese in the 
rations of experimental animals lessen^ growth and impairs reproduction and lacta- 
tion. Sufficient manganese is apparently supplied by the usual rations for all farm 
animals except poultry. Recent investigations have shown that a lack of man- 
ganese may cause the nutritional disease of chicks called slipped tendon,'^ or 
perosis, and that a deficiency of this mineral may also cause a failure of eggs to 
hatch.®® Sufficient manganese is readily furnished in chick rations by adding one- 
quarter pound of manganese sulfate to each ton of feed. 

A few soils are so lacking in manganese that some crops are injured, because 
the normal development of chlorophyll is prevented. On such soils the addition of 
manganese salts produces striking improvements. Cereals, legume seeds, green 
plants, vegetables, and fruits are the most important sources of this mineral in 
common foods.®® 

180. Zinc. — It has been known for a considerable time that the bodies of 
animals always contain traces of zinc, but the opinions of scientists have differed 
as to whether zinc is necessary for life.®^ In recent experiments in which rats 
have been fed diets freed as thoroughly as possible from zinc, it has been found 
that traces of this mineral are essential for good growth and also apparently for 
normal hair development.®® 

On account of the wide use of galvanized (zinc-coated) containers for liquids, 
studies have been conducted to find whether sour foods would dissolve sufficient 
zinc to be poisonous to animals. In Oklahoma tests buttermilk stored in galvanized 
tanks for some time was not poisonous to rats.®® Probably most cases of poisoning 
attributed to zinc have been due to lead, which is present in most zinc coatings. 

181. Mineral mixtures; methods of using mineral supplements. — 

When a ration is fed that is deficient in calcium or in phosphorus, 
this lack should be corrected by the use of a suitable mineral supple- 
ment, as has been shown previously. When a mixture of ground 
concentrates is being fed, the proper amount of the mineral supplement 
may be mixed with the concentrates. In other cases, the mineral 
supplement is best mixed with salt to make it more palatable, and 
the mixture then supplied where the stock can have access to it. The 
instinct of farm animals guides them to consume sufficient of the 
mineral mixture to correct the deficiency in the ration. 

If the only deficiency is of calcium, such a mixture as 2 parts by 
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weight of ground limestone or some other calcium supplement and 1 
part of common salt is satisfactory. 

If phosphorus is deficient and there is plenty of calcium in the 
ration, such a mixture as 2 parts or more by weight of bone meal or 
other safe phosphorus supplement and 1 part common salt is excellent. 

When both phosphorus and calcium are deficient, a suitable mix- 
ture is 2 parts by weight of steamed bone meal or other safe phosphorus 
supplement, 2 parts ground limestone or other calcium supplement, and 
1 part common salt. 

In using one of these mixtures, it is wise to supply common salt 
separately in addition, so that the animals will not have to consume 
more of the mineral mixture than they need in order to get sufficient 
salt. If no salt is supplied separately, a mineral mixture for cattle 
should contain one-half salt and one for swine at least one-third salt. 
A suitable mixture for cattle when no additional salt is provided, is 
1 part by weight of bone meal, 1 part ground limestone, and 2 parts 
common salt. A good mixture for swine is made up of equal parts by 
weight of these three supplements. 

In areas where there is trouble from goiter in livestock, 1 ounce 
of potassium iodide should be included in each 300 lbs. of mineral 
mixture for pregnant animals, unless iodnzed salt is fed separately. 
In the very rare localities where there is a deficiency of iron or of 
iron and copper, these minerals should be supplied, as previously 
advised. 

182. Complex mineral mixtures. — ^Many complex proprietary min- 
eral mixtures are on the market that contain several other minerals, 
in addition to those that have been advised in the preceding recom- 
mendations. Among the additional substances used in such complex 
mineral mixtures are sulfur, Epsom salts, Glauber ^s salts, sodium car- 
bonate, potassium salts, manganese salts, silicates, charcoal, coal, and 
iron salts. 

To determine definitely whether there is an advantage in adding 
any of these substances to good rations for livestock would require 
several experiments, in each of which one lot of animals was fed a 
well-balanced ration without the supplement, while the particular sup- 
plement to be tested was added to the ration for the other lot. Several 
experiments would be needed before definite conclusions could be drawn, 
because excellent results are secured without any of these substances, 
and they cannot therefore be expected to produce any marked improve- 
ment in the ration. 

In a few experiments, especially with swine, complex mineral mix- 
tures have been compared with simple mineral mixtures, and in other 
tests such substances as sulfur, charcoal, coal, or sodium carbonate 
have been added to good rations.^® Prom a study of the data 
thus far secured, the author has come to the conclusion that there is no 
positive evidence that it is advantageous to include in mineral mixtures 
for livestock other minerals than those in the mixtures previously ad- 
vised in this chapter. 

Practically all of the animal husbandmen in this country evidently 
have the same point of view on this matter, for they recommend simple 
mineral mixtures, instead of complex preparations. For example, 
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Weber reports that of 32 animal husbandmen in 29 agricultural col- 
leges who replied to a questionnaire concerning minerals for swine 
feeding, all except two recommended only simple mineral mixtures 
supplying merely common salt, calcium, and phosphorus, with iodine 
in addition for goitrous sections.^^ 

183. Acid-base balance. — It is the belief of some investigators in nutrition 
that care should be taken to have a proper balance of bases and acids in the human 
diet. This means that the food should provide a sufficient amount of bases, or 
alkalies, to neutralize the acid supplied by such acid mineral constituents of the 
food as phosphates, sulfates, and chlorides. However, the body possesses much 
power to maintain the neutrality of the blood in spite of considerable differences 
in the intake of alkalies and acids in the food. (The manner in which this is 
done is exj^lained in texts on biological chemistry.) The importance of the acicj- 
base balance in normal diets for humans is therefore doubted by other investigators. 

Farm animals, especially ruminants, have great ability to produce ammonia in 
the body tissues to neutralize any ordinary excess of acid. Therefore any amount 
of acid that may be present in an ordinary ration will probably not be at all 
injurious, provided that the ration furnishes sufficient amounts of calcium and 
other essential minerals. 

It has been abundantly proven that the continued feeding of liberal amounts 
of corn silage to dairy cows for several years has no injurious effect whatsoever, 
though silage has a considerable amount of organic acids. Cows in Ohio tests 
were fed 50 lbs. of corn silage per head daily for several months without any 
harmful effect.72 Also, they were fed without injury larger amounts of lactic 
acid and acetic acid than they would ever get in a normal ration. In other tests 
calves and swine have been fed without injury greater amounts of dilute mineral 
acids or organic acids than would be contained in any normal ration.73 

III, Vitamins in Stock Feeding 

184. Vitamin discoveries of profound importance. — ^In no other 
field of nutrition have the discoveries during recent years been as 
surprising or important in our daily lives as those dealing with the 
vitamins and their functions. Through the results of these investiga- 
tions it has been possible to increase the general health and vigor of 
humans and to prevent entirely such diseases as rickets and beri-beri. 
These discoveries have also had a profound effect upon livestock farm- 
ing by increasing the efficiency of animal production and preventing 
serious nutritional diseases. 

For example, before the functions of vitamins were known, pigs 
that were born in the fall often failed to thrive and many became 
paralyzed or died from pneumonia or other diseases. This fall-pig 
problem has been solved through the use of improved rations that 
provide an ample supply of the essential vitamins. Similarly, before 
the necessity of vitamins in poultry feeding was understood, it was 
difficult to grow thrifty chicks during the seasons of the year when 
they could not get out in the sunshine and secure green forage. Now 
they can be raised efficiently at any season of the year. 

In the southern states cattle fed heavily on cottonseed meal often 
died from what was thought to be ‘‘cottonseed meal poisoning.’’ It 
is now known that the trouble was due to deficiencies of vitamins and 
minerals. As a result, it is now possible to feed dairy cows for long 
periods on cottonseed meal as the only concentrate without any in- 
jurious results whatsoever. 
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The discoveries concerning the occurrence and functions of vita- 
mins have all been made in a surprisingly short period. Previous to 
1911 even the existence of vitamins as definite food essentials was 
unknown. It was then generally believed that the only requirements 
for a satisfactory diet for humans or a complete ration for farm animals 
were adequate supplies of proteins, carbohydrates, fats, and mineral 
matter. 

Certain investigators had previously reported that laboratory test 
animals, such as rats or mice, did not thrive on a diet made up of the 
highly-purified nutrients that were then known. They had furthermore 
found that when certain natural foods, like milk, were added to such 
a diet the animals would thrive. They therefore concluded that certain 
other substances must be essential for animal life, in addition to the 
recognized classes of nutrients. It is rather surprising that these 
interesting observations attracted little attention at the time from other 
investigators. 

Beginning in 1911, important discoveries came with great rapidity. 
It was first discovered that a mysterious substance (now known as 
vitamin B) was able to prevent or cure experimental beri-beri in 
laboratory animals. The following year it was announced that scurvy 
in experimental guinea pigs could be cured by feeding small amounts 
of fresh green feeds that supplied the anti-scorbutic factor, which we 
now call vitamin C. Then in 1913 investigators in twO’ different labora- 
tories discovered a food essential in butter fat that was necessary for 
growth and even for life itself. Since that time hardly a year has 
passed without some discovery of major significance in this field. 

The existence of at least 14 different vitamins hfis been definitely 
proved, and their functions and occurrence in foods have been studied 
to a greater or less extent. As is indicated in the discussion of the vita- 
min B complex, it is probable that there are still other vitamins which 
are essenti^ for certain species of animals. The recently-discovered 
vitamin K is apparently needed by poultry but seems to be provided 
amply by ordinary rations. 

Vitamin A and vitamin D are necessary for all classes of farm 
animals and are of great importance in stock feeding. They are there- 
fore considered first in the discussions which follow. The requirements 
of the various classes of stock for these two vitamins are discussed 
in detail in Part III. Apparently there is no general lack of any of the 
other vitamins in the usual rations fed livestock, with the exception of 
vitamin G for poultry. Their requirement for this vitamin is particu- 
larly high, and it therefore must be . given especial consideration in 
making up poult^ rations. 

Only the briefest summary can be presented here concerning the 
nature, the functions, and the occurrence in various feeds of the dif- 
ferent vitamins. For further information the reader is referred to 
recent texts on biological chemistry and to the books dealing exclusively 
with this subject.^* 

186. Vitamin content of various feeds. — The available informa- 
tion on the relative amounts of the different vitamins in various 
important feeding stuffs is summarized in Appendix Table V. Data 
of this kind are still exceedingly scanty, since most of the investigations 
in this field have been conducted upon human foods, rather than on 




Vitamin A Was Discovered in Experiments With Rats 

The thrifty rat on the right received plenty of vitamin A in the form of 
butter fat. The rat on the left, which received oleomargarine instead of butter, 
is of the same age, but has been stunted, due to a lack of the vitamin. Also, 
it is nearly blind. (From Stecnbock and Hart, Wisconsin Station.) 



Vitamin 6 Is of Much Importance in Poultry F'eeding 

The chick on the left received plenty of vitamin G. The one on the right 
is the same age. but it has been stunted by a lack of this vitamin. Especial 
attention must be given to vitamin G in poultry feeding, but other classes ot 
livestock apparently receive an ample supply in ordinary rations. (From Halpin 
and Hart, Wisconsin Station.) 



Young Chick Paralyzed by Lack of Vitamin B 


This 9-day-old chick was fed an experimental ration lacking vitamin B and 
is suffering from severe polyneuritis. (From Norris and Heiiser, N('w ^'ork, 
Cornell, Station.) 



Effect of a Lack of Vitamin C on Guinea Pigb 
Above — A thrifty guinea pig, which received ample vitamin C, Below, a 
guinea pig suffering from scurvy, produced by a lack of the vitamin, (From 
Wisconsin Station.) 
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feeds for livestock. Also, the amount of a particular vitamin in a 
certain kind of feed may vary widely, depending on the quality of 
the feed, on the stage of growth, and, in the case of hay or other dry 
forage, on how it has been cured. 

Therefore no attempt is made in this table to express the amounts 
of the various vitamins in the terms of the quantitative units that are 
employed by investigators in their measurement. By appropriate sym- 
bols it is merely indicated whether a given feed is a fair, a good, or 
an excellent source of the particular vitamin, or whether it has no 
appreciable amount. 

Though the number of feeds included in this table is very limited, 
the data will indicate the approximate vitamin content of other feeds 
of the same general nature. 

186. Vitamin A; its importance and its functions. — ^Vitamin A is 
of very great importance in animal husbandry, for it is required by 
all classes of livestock, including poultry. Unless care is taken to 
include in the rations fed farm animals a sufficient amount of feeds 
rich in the vitamin, unsatisfactory production will result and disaster 
may follow. 

Vitamin A is essential even for the maintenance of mature animals. 
For growth, reproduction, and lactation, greater amounts are required 
than for the mere maintenance of the body. The experiments by 
McCollum at the Wisconsin Station and by Osborne and Mendel at 
Yale University in which vitamin A was first discovered were with 
growing animals. The importance of the vitamin for growth therefore 
received the most attention for some years, and as a result it was 
often called ^Hhe growth vitamin. This designation should not be 
used, however, for its other functions are just as important. Moreover, 
vitamins B and G are also necessary for growth. 

One of the chief functions of vitamin A is to keep the epithelium, 
or surface tissues, of the mucous membranes of the body in a healthy 
condition so that they will resist bacterial infection. A deficiency of 
the vitamin causes these tissues to become so changed and weakened 
that bacteria can readily invade the body. Due to this effect, animals 
suffering from a lack of vitamin A are especially subject to diseases 
of the respiratory system. For example, pigs fed rations lacking vita- 
min A often die from pneumonia. The characteristic eye disease, known 
as xerophthalmia, which is often produced by a severe deficiency of 
the vitamin, is due to injury of the mucous membranes of the eye. 
These membranes can no longer resist bacteria, and infections occur 
that eventually cause blindness. 

A lack of vitamin A also results in degeneration of the nervous 
system. This is characterized in advanced stages by a striking lack of 
co-ordination of the legs, by severe spasms or paralysis, and by impair- 
ment of vision (not due to xerophthalmia). Kansas experiments show 
that such symptoms are especially marked in swine fed for long periods 
on rations lacking in the vitamin.^® It is shown in Chapter XVIII 
that the disastrous effect on cattle of a ration consisting of cottonseed 
meal and poor-quality roughage is due chiefly to the lack of vitamin A. 

A lack of this vitamin also prevents successful reproduction. In 
males it causes sterility. Females fed rations seriously deficient in 
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vitamin A may not conceive, and if they do, the young are usually 
born dead or so weak that they perish. 

In humans a lack of vitamin A causes the disease known as night 
blindness. The person is unable to see in a dim light,, due to an effect 
Upon the retina of the eye. The condition is also found in stock 
suffering from vitamin A deficiency. In recent Texas experiments pigs 
from sows fed a ration devoid of the vitamin have been born without 
any eyeballs.^® 

Blindness of calves at birth has resulted in Michigan experiments 
when cows have been fed on poor-quality roughage lacking vitamins 
and probably also other nutritive essentials. Normal calves fed poor 
rations also became blind. In these cases the blindness was due to 
a constriction of the optic nerve.^’' Other factors than lack of vita- 
min A were apparently concerned, at least in part, in these tests, 
for calves still went blind on the poor rations, even when a vitamin A 
supplement was fed. 

That disastrous results due to a lack of vitamin A may occur in 
livestock even when they are on range pasture is shown in a striking 
manner by recent California investigations.^® During the dry season 
in some of the range districts of that and certain other western states, 
no green feed may be available for several months. The stock must 
then subsist on dry and bleached grass and other forage, which is 
practically devoid of vitamin A, 

When stock are kept on such feed alone for too long a time, 
disaster usually occurs. The calves are born dead or so weak that 
they die soon after birth, and the cows often abort long before the 
normal calving time. After calving, the cows may fail to come in 
heat until green feed is again available. Young cattle also suffer 
seriously, showing a general unthrifty appearance, intermittent diar- 
rhea, and respiratory infections. If exposed to inclement weather such 
animals usually die from pneumonia. Unless the animals have been 
too seriously affected, they recover when supplied with feed rich in 
vitamin A, such as fresh green forage. 

Opinions, of investigators differ as to whether or not resistance 
to infectious diseases is increased by providing a greater supply of 
vitamin A than is needed to prevent any actual symptoms of deficiency. 
There is no question, however, but that animals fed rations deficient 
in the vitamin are much more susceptible to certain infections, espe- 
cially those of the respiratory tract, than animals receiving an ample 
supply. 

Animals are able to store considerable amounts of vitamin A in 
their livers and other tissues when they receive a liberal supply. There- 
fore, if they are later fed a ration deficient in the vitamin, the length 
of time it will take for the lack to produce injurious results will depend 
on whether or not they have a store in their bodies. Also, because 
of their greater requirements for vitamin A, young animals suffer 
from a deficiency much sooner than those which are mature. 

187. Vitamin A and carotene. — Recent investigations have shown 
that vitamin A, which is colorless, can be formed in the body of animals 
from carotene supplied in their food. Carotene is the yellow-colored, 
fat-soluble substance that gives the characteristic color to carrots and 
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to butter fat. The conversion of carotene into vitamin A occurs chiefly 
in the liver. When an animal receives in its food an abundant supply 
of vitamin A or of carotene, it stores vitamin A in the liver, and to 
a lesser extent in other body tissuefs. Also, unchanged carotene from 
the food may be similarly stored in the body. 

With foods of plant origin it is probable that all or nearly all of 
the vitamin A value is due to the carotene they contain, and that they 
have little or no actual vitamin A. The general term carotene is 
applied to the different forms of carotene that occur in plants, and also 
to closely-related compounds from which vitamin A can also be formed. 

Those foods of animal origin that possess a vitamin A value may 
contain both the yellow carotene and the colorless vitamin A. The 
carotene has been assimilated by the animals from foods of plant 
origin. The vitamin A has been formed by the animals from carotene 
supplied by their food. In the white milk from Holstein or Ayrshire 
cows there is more vitamin A and less carotene than in. the yellow 
milk from Guernseys or Jerseys. However, even in the latter, the 
amount of carotene is generally less than that of vitamin A. 

Since carotene can be converted into vitamin A in the body and 
thus indirectly performs the same functions, the terms ‘‘vitamin A 
value or “vitamin A content’’ are commonly used to indicate the 
combined effect of the carotene plus the actual vitamin A in a food. 
Therefore in this volume when reference is made to the vitamin A 
content of a feed, it will mean its total value as a source of vitamin A 
to the animal, irrespective of whether this value is due to carotene or 
to vitamin A in the feed. 

Both carotene and vitamin A are readily destroyed by oxidation. 
For this reason a great loss of vitamin A value occurs in the making 
of hay from green forage. A considerable loss also takes place when 
dry roughage or a concentrate mixture containing vitamin A is stored 
for any long period. 

188. Vitamin A content of various feeds. — All green parts of 
growing plants are very rich in carotene, and therefore they have a 
high vitamin A value. The yellow color in such plant tissues is masked 
by the green color of the chlorophyll, but may be seen if the plant 
becomes etiolated or blanched. Due to the richness of the green parts 
of plants in vitamin A value, stock on good pasture always have an 
abundance of the vitamin. 

There is but little information concerning the relative vitamin A 
content of various pasture crops. The limited data available indicate 
that certain grasses at the pasture stage may be fully as rich as alfalfa 
and other legumes, or even richer. In Idaho tests green brome grass 
was unusually high in vitamin A, and red top was richer than timo- 
thy.*^® All green pasture crops can, however, be considered excellent 
sources of the vitamin. 

A considerable part of the carotene is destroyed in the field-curing 
of hay or other dry roughage, but if the forage is cured so that it 
retains a green color, it will still be an excellent source of vitamin A. 
On the other hand, forage that has been bleached or weathered in the 
curing process will have its vitamin A content seriously reduced, and 
it may even have only a negligible amount. 



126 


FEEDS AND FEEDING 


The relative amount of carotene in any particular lot of hay and 
therefore its vitamin A value may be estimated from its color, for 
the amount of carotene is generally proportional to the degree of green- 
ness. Hay that is brown in color has but little carotene. In recent 
investigations by the United States Department of Agriculture, alfalfa 
hay of United States Federal Grade No. 3 contained only about one- 
eighth as much carotene as did alfalfa hay of Grade No. l.®° Even 
the latter excellent hay contained only one-seventh as much carotene 
per pound of dry matter as was present in the green alfalfa before it 
was cured into hay. 

In these studies clover hay and timothy hay were somewhat lower 
in carotene content than alfalfa hay of equal quality. Poor-quality 
timothy hay (Grade No. 3) had practically no carotene. In Indiana 
studies good-quality soybean hay was somewhat lower in vitamin A 
value than good alfalfa hay.®^. As is shown in Chapter XI, artificially- 
dried hay is very rich in vitamin A if it is dried at proper temperatures, 
but it has only a small amount of vitamin D. 

The green leaves of plants contain much more carotene than the 
stems, alfalfa leaves containing over 6 times as much as alfalfa stems 
in the tests by the United States Department of Agriculture. In Texas 
studies some samples of alfalfa leaf meal were excellent in vitamin A 
value, while alfalfa stem meal supplied but little of the vitamin.®* 

Early-cut hay is higher in carotene than that cured equally well 
which has been cut at a later stage of growth.®^ Severe heating of hay 
in the mow or stack undoubtedly reduces the carotene content seriously. 
Indiana tests indicate that the fermentation that takes place in hay 
during ordinary hay making is also an important factor in the lowering 
of the carotene content.®® 

Com forage is rich in carotene when the plants are still green, but 
the content decreases rapidly as they mature.®® The carotene content 
of silage varies widely, due to differences in maturity and to differences 
in the proportion of the carotene destroyed in the ensiling process. 
Per pound of dry matter, good corn silage may be fully as rich in caro- 
tene as well-cured hay. In Washington tests silage made from mixed 
clovers and grasses was even higher in carotene than hay made from 
the same forage.®^ 

With the single exception of yellow com, the cereal grains are all 
practically devoid of vitamin A value. Yellow com is an important 
source of the vitamin, even though the chief coloring matter is not caro- 
tene, but a related compound called xanthophyll. However, yellow com 
contains only about one-tenth as much carotene as well-cured hay. 
Com gluten feed, com gluten meal, and hominy feed that are made 
from yellow com are richer than yellow corn in carotene content. Only 
a very few of the other seeds used in stock feeding have any appreciable 
vitamin A value. Pipe peas of green varieties equal yellow com in 
vitamin A content, and millet seed supplies some of the vitamin. 

?With the exception of carrots and yellow sweet potatoes, roots and 
tubers probably supply no appreciable amounts of vitamin A. Yellow 
pumpkins and yellow squash have considerable. 

Among human foods whole milk, butter, and all other dairy prod- 
ucts containing the butter fat are perhaps the most important sources of 
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vitamin A. The richness of milk in this vitamin is undoubtedly one of 
the chief reasons why it is necessary, in raising dairy calves on milk 
substitutes, to continue the feeding of whole milk until the calf is old 
enough to eat considerable hay. If lactating animals have been fed for 
long periods on rations seriously deficient in vitamin A, the content of 
the vitamin in the milk will be low. (189) 

Practically all the vitamin A in milk is present in the butter fat. 
Therefore skim milk and other milk products from which nearly all of 
the fat has been removed will have but little of the vitamin. Indeed, 
skim milk may contain only one-twenty-fifth as much vitamin A as 
whole milk.®® 

The yolks of eggs from properly-fed poultry are rich in vitamin A, 
and liver is also an excellent source. Tankage and meat scraps supply 
little or no vitamin A. If fish meal has not been processed at too high 
a temperature, it will usually supply some vitamin A. However, the 
content is so variable that reliance cannot be placed upon it as a source 
of the vitamin, unless the source and method of manufacture are defi- 
nitely known. Cod-liver oil and other fish-liver oils are the richest 
common source of vitamin A, and other fish oils are also generally 
rich in it. 

In the discussions of the vitamin requirements of the various classes 
of stock in Part III, it is shown that it is not generally necessary to use 
any special vitamin supplements, such as cod-liver oil or vitamin con- 
centrates, in the feeding of horses, cattle, sheep, or swine. Their vitamin 
needs can be amply supplied by the use of good roughage, fed as is there 
advised. On the other hand, in the feeding of poultry in confinement 
or during the winter, vitamin supplements supplying both vitamin D 
and vitamin A are now commonly used. 

189. Effect of feed and breed on vitamin A content of milk. — 
Recent investigations have shown that the vitamin A content of milk 
depends on the supply of the vitamin provided in the ration of cows 
or other lactating animals.®® The highest possible vitamin A content is 
present in the milk of cows which arc on good pasture, and a low con- 
tent is found in milk from cows that have received for a considerable 
period no pasture, or well-cured, green-colored hay, or other feeds rich 
in vitamin A. Often the vitamin A content of pasture-produced iftilk 
will be twice as high as that from cows fed the usual kinds of winter 
rations. 

By feeding dairy cows on plenty of well-cured, green-colored hay^ 
the vitamin content of the milk may be maintained at a satisfactory 
level during the winter. The feeding of good legume hay will aid in 
maintaining a higher content of vitamin A than the use of grass hay 
of similar quality. Silage will also help keep the content of the vitamin 
at a good level, providing the silage is of good quality and if it has 
been made from com, sorghums, or other crops harvested while the 
leaves are still green. 

When cows have been fed rations extremely low in vitamin A for 
long periods, the milk has contained only one-fifth as much vitamin A 
as milk produced on pasture or even less. In trials by the United States 
Department of Agriculture cows fed poor-quality grass hay as the only 
roughage for long periods produced milk so low in vitamin A that 
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calves raised pn it by the usual whole milk-skimmilk method would not 
thrive unless they received the vitamin from some other source.®^ 

For many years there has been much interest in the relative vitamin 
A value of milk from cows of various breeds. This was especially the 
case after it was discovered that vitamin A was made by animals from 
carotene supplied in their feed, since carotene is the chief coloring 
substance in butter fat. 

Recent investigations have shown conclusively the surprising fact 
that there is no marked difference between the vitamin A value of yel- 
low-colored butter fat from Guernsey or Jersey cows and that of the 
much paler butter fat from similarly-fed cows of other breeds.®® Indeed, 
in certain tests the butter fat from Holstein milk was a trifle higher in 
vitamin value than the yellow fat from Guernsey or Jersey milk. 

This surprising fact is due to the following conditions: Guernseys 
and Jerseys do not convert into colorless vitamin A so large a propor- 
tion of the carotene they assimilate as do cows of the other breeds. They 
therefore secrete more carotene and less vitamin A in their milk. This 
makes it yellower in color. Likewise, their body fat is colored yellow 
by carotene stored in the fatty tissues. Holsteins, Ayrshires, Brown 
Swiss, and Shorthorns convert most of the carotene into vitamin A, and 
therefore their milk and their body fat have but little yellow color. It 
seems probable that, due to the much higher fat content, a given weight 
of normal Guernsey or Jersey milk will contain more vitamin A than 
the same weight of normal Holstein or Ayrshire milk. However, this 
question has apparently not yet been studied in detail. 

190. Vitamin D, its functions and importance. — ^It has been shown 
earlier in this chapter that animals must have an adequate supply of 
vitamin D to enable them to assimilate and utilize the calcium and 
phosphorus in their food. (169) Since vitamin D is necessary for the 
prevention of rickets, it is often called the anti-rachitic vitamin. 

The requirements for vitamin D are especially great during growth, 
when the skeleton is being developed. The vitamin is also essential even 
for mature animals, though lesser amounts are required. During preg- 
nancy there is a special need by the mother for vitamin D and also for 
calcium and phosphorus, to enable her to build the skeleton and other 
tisSlies of the fetus without depleting her own skeleton. During lactation 
there is an even greater demand for the vitamin, due to the large 
amounts of calcium and phosphorus that must be assimilated and util- 
ized in the production of milk. 

The discoveries concerning the functions and sources of vitamin D 
have been of untold value to humans and also to the livestock industry. 
It has been estimated that a generation ago nearly 80 per cent of the 
children in the large cities of western Europe and of America were 
afflicted to a greater or less degree with rickets. As a result of the dis- 
coveries made since 1918, human rickets is fast disappearing in coun- 
tries where the results of such research are widely adopted by the 
people. 

In livestock farming the knowledge recently gained concerning vita- 
min D is of similar significance. By utilizing the information now 
available, it is possible to prevent the disastrous results from rickets 
that were once common, especially among pigs, calves, and poultry. The 
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effects upon animals of a lack of vitamin D or of an inadequate supply 
of calcium or phosphorus have been described earlier in this chapter. 
(163) In the respective chapters of Part III the requirements of the 
various classes of stock for vitamin D are considered in detail. 

191. Nature of vitamin D and its relation to light.— Before 1918, 
the exact cause of rickets was unknown. Previously it had been attrib- 
uted to many different factors, including insanitary surroundings, in- 
fection, and hereditary influences, as well as to improper diet. Mellanby, 
an English scientist, then proved that rickets definitely could be pre- 
vented in experimental animals by certain foods. It had earlier been 
observed that cod-liver oil seemed to aid in curing rickets and also that 
exposure to direct sunlight had a beneficial effect. However, opinions 
differed greatly as to the effectiveness of these widely differing methods 
of treatment, which seemed to have no relationship to each other. 

It was soon found that rickets in experimental animals could be 
cured by exposing them to ultra-violet light (light of such short wave 
length that it is invisible). The next great steps came rapidly. In 
1922 McCollum of Johns Hopkins University showed, by passing heated 
air through cod-liver oil to destroy vitamin A, that it contained a second 
vitamin which prevented and cured rickets. This vitamin was named 
vitamin D and is also known as the anti-rachitic vitamin. 

In 1924 Stecnbock of the Wisconsin Station and also Hess of 
Columbia University reported nearly simultaneously that the exposure 
to ultra-violet light of certain foods which contained no vitamin D pro- 
duced the vitamin in them. It was later found that the production of 
vitamin D in this manner was due to the effect of the ultra-violet light 
upon very small amounts of ergosterol, a compound contained in traces 
in many common foods and stock feeds. (12) 

Ergosterol itself has no anti-rachitic effect. However, upon expos- 
ure to ultra-violet light, the atoms are apparently rearranged in the 
molecules of ergosterol, thereby converting it into vitamin D. Too long 
exposure will destroy some of the vitamin D that has been produced. 
Recent studies indicate that small amounts of vitamin D can also be 
formed from cholesterol by certain methods. (12) 

The prevention and cure of rickets when animals are exposed suf- 
ficiently to direct sunlight result from the ultra-violet light in the sun- 
light penetrating the skin and producing vitamin D from traces of 
ergosterol in the tissues. If the light passes through ordinary window 
glass, practically all the ultra-violet rays are removed. Such light does 
not therefore have an anti-rachitic effect. Some special kinds of glass 
and also certain glass substitutes permit the passage of more or less of 
the ultra-violet rays. 

The ultra-violet rays in sunlight are absorbed to some extent as 
they pass through the atmosphere^ before reaching the earth. In the 
North the sunlight therefore has much less anti-rachitic effect during 
the winter months when the rays are very slanting and must penetrate 
a greater distance of atmosphere. Also, the ultra-violet rays are largely 
screened out by clouds or smoke. Owing to the reflection of the ultra- 
violet light, the indirect light from ‘‘sky shine on a clear day has a 
slight anti-rachitic effect, even though the direct rays of the sun do not 
reach the body. 
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During the growing season livestock that are out in the sunshine 
much of the time will be amply provided with vitamin D through the 
effect of sunlight on their bodies. Even during the winter, exposure to 
sunlight will have considerable anti-rachitic effect. When stock are 
exposed but little to sunlight that has not passed through ordinary 
window glass, it is necessary to give attention to their vitamin D require- 
ments. This is of particular importance during winter in the northern 
states, especially in those districts where the sky is clouded much of 
the time. 

Vitamin D is not readily destroyed even by heating at temperatures 
much above the boiling point of water. It is soluble in fat and is there- 
fore classed as one of the fat-soluble vitamins. 

Sources of vitamin D. — Among the common stock feeds the 
only important sources of vitamin D are hay and other dry roughages 
that have been field-cured by exposure to sunlight. Even such sun-cured 
forages unfortunately have only a rather limited amount of the vitamin. 

• There is as yet but little information on the relative amount of 
vitamin D in various grades and kinds of sun-cured hay and other dry 
roughage. It would seem probable that the amount will be higher in 
good-quality, leafy hay than in that of lower grade. In experiments by 
the United States Department of Agriculture timothy hay of Federal 
Grade No. 1 seemed to have greater vitamin D potency than timothy 
hay of Grade No. 3.®® 

Green, growing plants contain little or no vitamin D, but it is 
formed during the sun-curing process by the action of the ultra-violet 
rays upon traces of ergosterol in the plant tissues. As is shown in 
Chapter XI, artificially-dried or dehydrated hay or other forage has 
little or no vitamin D, but it is exceedingly rich in vitamin A, if it is 
properly dried. 

Whole milk from cows fed normal rations contains a significant 
though a relatively small amount of vitamin D, and milk and butter fat 
are of considerable importance as sources of the vitamin for humans. 
As is shown later, the vitamin D content of milk can be greatly increased 
by certain methods. Skimmilk and other dairy products containing but 
little fat have only traces of the vitamin. The yolks of eggs from poultry 
receiving a plentiful amount of vitamin D are rich in it. 

An exceedingly important fact in human nutrition and also in 
stock feeding is that cereal grains and all other seeds contain no ap- 
preciable amounts of vitamin D. Also, roots and tubers have little or 
none. 

The livers of fish are strildngly rich in vitamin D, and also the 
body oils of most fish contain considerable amounts. For this reason 
cod-liver oil and certain other fish oils are widely used as vitamin D 
supplements for infants and in poultry feeding. 

Fish meal is variable in vitamin D content, some fish meals being 
a fair source and others containing but little. The content depends on 
the i^ource of the raw material and on the degree of heat used in the 
process of manufacture. 

Meat scraps and tankage supply no appreciable amounts of vitamin 
D. In general, meat from mammals contains no significant amounts 
of the vitamin, with the exception of such organs as the liver and kid- 
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neys, which may supply limited amounts. Clams and oysters are a 
good source of vitamin D. 

By removing the true fat or oil (which contains no vitamin D) 
from cod-liver oil or other fish oils, vitamin concentrates are now pre- 
pared which are much more potent in vitamin D than the original fish 
oils. These contain more or less vitamin A, as well as being high in 
vitamin D, and are commonly sold on definite guarantee of vitamin 
potency. 

Vitamin D concentrates that are very potent are also manufactured 
by the Steenbock process of irradiation with ultra-violet light. In the 
production of the product known as viosterol, purified ergosterol is. 
separated from yeast, which is rich in it, and then irradiated. Irradiated 
yeast is also made for use as a vitamin D supplement through the direct 
radiation of yeast with ultra-violet light by the Steenbock process. 

It has been found in recent investigations that the potency of the 
vitamin D in irradiated ergosterol and irradiated yeast is much lower 
for chicks than for rats, in comparison with cod-liver oil. This indicates 
that there are various related forms of vitamin D, some of which are 
more potent for certain species of animals than for others. 

193. Vitamin D milk. — Special vitamin D milk for human use is 
now produced commercially by various methods.®® One of these methods 
is the feeding of irradiated yeast to the cows. Since cows are able to 
transfer into their milk only a small portion of the vitamin D in their 
feed, the amount of irradiated yeast that is fed must be standardized 
to insure milk of the desired vitamin D potency. Vitamin D milk is also 
produced by the direct irradiation of the milk with ultra-violet light, 
or by the addition to the milk of a vitamin D concentrate. 

When cows are fed normal rations, irradiating the cows with ultra- 
violet light or exposing them to sunlight does not usually cause any 
appreciable increase in the vitamin D content of the milk.®^ Neither 
does it have any appreciable beneficial effect on the cows. The vitamin 
D potency of goat’s milk can, however, be increased somewhat by irra- 
diating the animals with ultra-violet light. 

If dairy cows are fed good rations which supply a normal amount 
of vitamin D, there is apparently no significant benefit to the cows 
themselves through feeding them irradiated yeast or other vitamin D 
supplements.®^ 

194. Effect of cod-liver oil on herbivora. — Recent investigations 
have raised the question as to whether cod-liver oil should be fed to 
herbivora as a vitamin supplement over a long period. In experiments 
at the New York (Cornell) Station fatal results were produced when 
sheep, goats, rabbits, or guinea pigs were fed cod-liver oil for an ex- 
tended time, though the amounts were no greater than are sometimes 
recommended.®^ In these animals there was a degeneration of various 
muscles, including the heart in certain instances. Paralysis and even- 
tually death ensued if the animals were continued too long on the 
rations. 

The results were apparently not due to vitamin A or vitamin D, 
but to some constituent in the fat of the cod-liver oil. The injury was 
most marked and occurred soonest in animals fed rations composed of 
purified nutrients. However, disaster finally resulted when cod-liver 
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oil was fed to animals on pasture at the rate of one-half ounce daily 
per 100 lbs. live weight. Similar injurious results to various animals^ 
including calves, have also been reported by other investigators. 

Cod-liver oil has been widely used as a vitamin supplement for 
humans and also in poultry feeding. It has been extensively employed 
with entire success as a source of vitdmins A and D in nutrition ex- 
periments with rats. It therefore seems possible that the effect is en- 
tirely different in the case of herbivora than with other animals. In 
this connection the fact that cod-liver oil markedly depresses the fat 
percentages in the milk of cows is of interest. (See Chapter XXIV.) 

Because of these results it does not seem wise to use appreciable 
amounts of cod-liver oil over long periods as a vitamin supplement for 
herbivora (including cattle, sheep, goats, and possibly horses). In the 
few cases where it is advisable to add a vitamin supplement to rations 
made up of ordinary feeds for these classes of stock, it is apparently 
safer to use a vitamin concentrate instead. 

196. The vitamin B complex. — In the regions of the Orient where 
polished rice was the chief food of the people, the disease known as 
beri-beri had been wide-spread for many years before the cause was 
finally discovered. The symptoms of this disease are loss of appetite, 
fatigue, depression, and other nervous symptoms, including numbness 
and stiffness of the legs and a tingling or burning sensation in feet, 
legs, and arms. 

Through studies by several investigators from 1897 to 1911 it was 
learned that a disease similar to beri-beri could be produced in pigeons, 
chickens, and rats by feeding them entirely on polished rice. If young 
pigeons were fed such a diet they failed to grow and became paralyzed 
after only 15 to 20 days. It was then found that administering the 
water extract of rice polishings to these animals would bring recovery 
in a short time. For example, pigeons would recover from the paralysis 
in only a few hours. 

Through these investigations it was definitely proved that the 
disease in humans was due to the lack of some factor in polished rice 
which was supplied by the inner skin and germ of the rice kernel. It 
was next found that this nutritive factor was widely distributed in 
natural foods, but was lacking in certain highly-milled products, such 
as polished rice and patent wheat flour. By including in the diet a 
sufficient amount of foods rich in this factor, it was possible to cure 
beri-beri and prevent its recurrence. 

Until recently it was believed that the lack of a single vitamin was 
the cause of this disease, and also of the failure of young animals to 
make normal growth. This vitamin was called vitamin B. It has been 
discovered recently, however, that what was formerly considered to be 
one vitamin actually consists of separate vitamins that have different 
functions. The term ^‘vitamin B complex is therefore now used for 
the group of vitamins included in what was formerly considered to be 
the single factor, vitamin B. All of the vitamins in the vitamin B com- 
plex are soluble in water. 

The first of these is the vitamin now known as vitamin B in the 
United States and as vitamin Bj in Great Britain. (This vitamin was 
first called vitamin F in the United States, but this name has been dis- 
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carded.) Later, the vitamin called vitamin G or riboflavin (also called 
vitamin B 2 in Great Britain) was identified and studied in detail. This 
vitamin is of much importance in poultry feeding. Still more recently, 
at least 6 other water-soluble vitamins have been separated and identi- 
fied in the vitamin B group. 

Fortunately, recent investigations have shown that the various 
vitamins in the vitamin B complex can be synthesized by the bacteria 
or other micro-organisms in the paunch of ruminants. Therefore, 
apparently there are not apt to be any deficiencies of these vitamins in 
the case of cattle, sheep, or goats, at least after the animals have reached 
an age when the paunch has become well developed. 

196. Vitamin B, or thiamin. — Vitamin B, or thiamin, prevents the 
polyneuritis (nervous symptoms) in beri-beri and has therefore been 
called the anti-neuritic vitamin. A lack of vitamin B also causes loss 
of appetite, a failure to grow, emaciation, and general weakness. Experi- 
mental animals fed a ration devoid of the vitamin finally die as a result 
of the deficiency. 

Vitamin B is widely distributed in natural human foods and stock 
feeds. The unmilled cereal grains are all rich in it. Fresh green forage 
contains a fair supply, as do well-cured hay and other dry forages of 
good quality. It is supplied in fair amounts by milk and whey. Yeast 
is especially rich in vitamin B. Though vitamin B can be destroyed by 
prolonged heating at temperatures above the boiling point, it is stable in 
ordinary feeds. For example, whole rice stored in an arid climate for 
100 years was found to be still rich in it. 

Due to the wide distribution of vitamin B in common feeding stuffs, 
livestock undoubtedly secure ample amounts when fed any usual ration 
that would be otherwise satisfactory. Also, it has been found that the 
vitamin B complex can be synthesized in the paunch of ruminants 
through the action of bacteria.®* 

197. Other B complex vitamins. — Vitamin G, or riboflavin, is nec- 
essary for growth and is of much importance for poultry, which have 
high requirements for it. Vitamin G is also required for hatchability 
of eggs. Other farm animals commonly secure plenty of the vitamin 
in their usual rations, and it is synthesized in the paunch of cattle, sheep, 
and goats, except perhaps in the case of very young animals. 

Especially rich sources of vitamin G are milk and dairy by-products, 
including dried skimmilk, dried buttermilk, and dried whey. This gives 
dairy by-products a YQvy high value for poultry feeding. Yeast and 
distillery by-products are also very high in vitamin G ; liberal amounts 
are furnished by green forages and well-cured hay; and whole grains 
and legume seeds have significant amounts. 

Nicotinic acid, or niacin, is necessary for the prevention of skin dis- 
eases in some animals. It is the factor that prevents pellagra, a serious 
disease of humans, and black tongue, a disease of dogs. A lack of nico- 
tinic acid may cause or increase trouble from necrotic enteritis, a disease 
of swine. Liver, kidneys, and yeast are very rich in this vitamin. Lean 
meat, linseed meal, soybean oil meal, peanuts, and peanut oil meal are 
fairly good sources, and barley and wheat contain more than corn. 

Other B-complex vitamins that have been separated and identified 
are pantothenic acid, pyridoxine (also called vitamin Be), choline, biotin, 
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and the antirgray hair vitamin (which prevents gray hair in some ani- 
mals). Young growing grass and other immature forage also contain 
another factor, called the grass juice factor, which is apparently required 
by some animals. Certain of these B-complex vitamins are evidently 
needed by some species of animals and not by others. Little is yet known 
as to whether or not any of these vitamins may be deficient in practical 
livestock rations that are otherwise satisfactory. 

198. Yeast as a vitamin B or vitamin 6 supplement.-^The etfect of 
adding yeast, which is rich in vitamin B and vitamin G, to various 
rations for c^ves, pigs, and poultry has been tested in several experi- 
ments. In the experiments with pigs there has generally been no benefit 
from adding yeast to ordinary well-balanced rations. (1299) 

When sufficient milk by-products and alfalfa meal are fed to poultry 
tp furnish plenty of vitamin 6, there will generally be no advantage in 
adding yeast. In recent experiments there has been some benefit from 
adding yeast to the rations of dairy calves raised on a minimum amount 
of milk and a dry calf meal, but in earlier experiments the addition of 
yeast to rations of whole milk or skimmilk, hay, and grain for dairy 
calves did mot have a beneficial effect. (961) 

199. Vitamin 0, or ascorbic acid. — Vitamin C, or ascorbic acid 
(also called the anti-scorbutic vitamin), is not apparently of impor- 
tance in the feeding of farm animals. However, it must be supplied in 
the food of humans, monkeys, and guinea pigs, or scurvy will result. 
The chief symptoms of this nutritional disease are loosening of the 
teeth, inflammation of the gums, hemorrhages, brittleness of the bones, 
slow healing of wounds, and loss of vigor. In this country scurvy 
among humans has now become rare, because of the universal inclusion 
of fruits and vegetables, in the diet, and the use of orange juice or tomato 
juice for young infants before they can consume other foods rich in 
vitamin C. Vitamin C is soluble in water. 

The striking difference in the vitamin C requirements of various 
kinds of animals is due to the fact that many species can make this 
vitamin in their bodies from other compounds in their food. On the 
other hand, humans (except very young infants), monkeys, and guinea 
pigs do not have this power. Consequently, they must have adequate 
amounts of the vitamin in their food. Farm animals probably require 
vitamin C, but they can apparently synthesize it in their bodies.®® 

Fresh fruits, vegetables, and green forages supply vitamin C, the 
content in citrus fruits, tomatoes, spinach, cabbage and peppers being 
especially high. The vitamin is destroyed by heating in the presence of 
air and by the drying of forage. Mature seeds and their by-products, 
and also hay and other dry forage, have no vitamin C. Silage may con- 
tain appreciable amounts. The vitamin is formed during the germina- 
tion of seeds, and therefore sprouted seeds are rich in it. 

It has been found in recent Wisconsin investigations that in certain 
cases of sterility of bulls and also of cows, the blood had a lower content 
of vitamin C than normal.®®*^ H^odermic injections of vitamin C 
(ascorbic acid) restored fertility in such cases. It has been found 
recently that one of the reasons why a liberal supply of carotene or 
vitamin A is important in the feed of breeding animals, is because it 
helps prevent a deficiency of vitamin C in the blood. 
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Feeding vitamin C was of no benefit, because it w^as apparently destroyed 
in the fermentations in the paunch. 

200. Vitamin E. — Vitamin E, discovered by Evans and Bishop of 
California in 1922, is necessary for reproduction in rats and at least in 
certain other animals. If rats are fed on a ration made up of highly- 
purified nutrients containing none of this vitamin, the females will con- 
ceive normally, but the fetuses die at an early stage of development and 
are absorbed. A lack of vitamin E also causes sterility of male rats, 
and it may also be concerned with lactation in the rat. Vitamin E is 
soluble in fat and fat solvents, such as ether. 

Experiments show that vitamin E is necessary for good reproduc- 
tion in poultry, but the usual poultry rations provide sufficient amounts 
of it.®^ In recent experiments at the Iowa Station goats reproduced 
normally on a ration in which the vitamin E had been destroyed, and 
which would not permit reproduction in rats.®® This indicates either 
that goats require little or no vitamin E, or that they are able to syn- 
thesize it from other substances in their food. 

Vitamin E is widely distributed in stock feeds and also in human 
foods that have not been artificially refined. It is abundant in the 
cereal grains and other seeds, where it is present in the oil of the embryo 
and not in the endosperm. It is also abundant in the green-leaved parts 
of plants and in good-quality hay, and is supplied by milk, butter, 
egg yolk, and meat. Wheat germ oil is especially rich in vitamin E 
and most vegetable oils contain it, although some are not rich in the 
vitamin. 

Nebraska experiments indicate that even if farm animals require 
vitamin E, the usual rations will furnish ample amounts of it.®® Fer- 
tility was restored to female rats when the ration contained only 20 
to 25 per cent of any of the following common feeds: Wheat bran, 
wheat shorts, linseed meal, hominy feed, white or yellow com, kafir 
grain, or alfalfa hay. On the other hand, corn gluten meal, com 
gluten feed, and dried beet pulp provided very little vitamin E. 

Most rations for livestock which are otherwise satisfactory will 
include at least 20 to 25 per cent of cereal grains and other seeds or 
their by-products rich in vitamin E, or this proportion of good hay. 
Therefore it seems very doubtful whether there is an advantage from 
adding wheat germ oil or any other vitamin E concentrate to the usual 
rations for farm animals, in spite of certain claims that such supple- 
ments cure sterility and produce other benefits. 

QUESTIONS 

1. Discuss the effects of feeding livestock more protein than is needed to meet 

their requirements. 

2. Explain what is meant by essential and non-essential amino acids. 

3. What is known about differences in the amino acid requirements for various 

kinds of stock and for different body functions? 

4. Why is not the value of the protein in a feed determined by analyzing it for 

the percentages of various amino acids it contains? 

5. What different methods are used to measure the nutritive values of proteins? 

6. What three principles must be observed in determining the nutritive value of 

the protein in a ration? 
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Y. Discuss the supplementary effects of protein. 

8. What quality of protein is furnished by the cereal grains; by wheat bran? 

9. Discuss the quality of the protein in milk, meat, fish, and eggs. 

10. Explain the wide difference in the values of the proteins in various legume seeds. 

11. What is the quality of the protein furnished by the following: (a) Linseed 

meal; (b) cottonseed meal; (c) coconut meal? 

12. Discuss the quality of the proteins in legume forage and other roughages. 

13. What are some of the vital functions of minerals? 

14. Discuss the importance and use of common salt in stock feeding. 

16. Why are calcium and phosphorus of especial importance in stock feeding? Why 
is there now more often a lack of these minerals than formerly? Which of 
these minerals is most frequently deficient? 

16. State the relative calcium content of the following: (a) Legume forage; (b) 

nondogume forage; (c) cereal grains and other seeds and their by-products; 
(d) roots and tubers; (e) milk; (f) meat scraps, tankage, and fish meal. 

17. State the relative phosphorus content of each of the above groups of feeds. 

18. When do lacks of calcium or phosphorus occur in stock feeding under farm 

conditions? 

19. What is the importance of the calcium-phosphorus ratio? 

20. What is the cause of rickets? Describe its effects. 

21. What are the effects on mature animals of a lack of calcium or of phosphorus? 

22. Name 5 satisfactory calcium supplements. 

23. Name 5 satisfactory phosphorus supplements and state their origin. 

24. Discuss the effects of fluorine upon livestock. 

25. Discuss the importance of iodine for farm animals. Would you feed an iodine 

supplement to stock in a non-goitrous area? 

26. Explain the functions of iron and copper in the animal body. Under what 

definite conditions may there be a lack of these minerals for livestock? 

27. From what source do farm animals get most of the sulfur they need? 

28. Is there a need of adding potassium, magnesium, manganese, or zinc to the 

rations for livestock? 

29. State a satisfactory mineral mixture for use under each of the following con- 

ditions: (a) When only calcium is lacking; (b) when both calcium and 
phosphorus are lacking; (c) for cattle fed no additional salt, and when both 
phosphorus and calcium are lacking. 

50. Discuss the use of complex mineral mixtures. 

31. Mention 3 instances where the discoveries concerning vitamins have solved im- 

portant livestock problems. 

32. Discuss vitamin A briefly, stating: (a) Its importance for farm animals; 

(b) its functions and the effects of a deficiency; (c) relative content of the 
vitamin in various classes of feeds. 

33. Explain the relationship between carotene and vitamin A. 

34. What is the effect of feed and of breed of cattle upon the vitamin A content 

of milk? 

35. Discuss vitamin D, following the same outline as for vitamin A. (Question 32.) 

36. Explain the relation of light to vitamin D. 

37. State 3 methods by which vitamin D milk is produced. 

38. What effect may cod-liver oil have on herbivora? 

39. Explain what is meant by the vitamin B complex. 

40. Discuss vitamin B, following the same outline as for vitamin A. 

41. Discuss vitamin G, following this same outline. 

42. Would you feed yeast to livestock as a vitamin supplement under usual con- 

ditions ? 

43. Discuss vitamin C, following the same outline as for vitamin A. 

44. Discuss vitamin E, following the same outline as for vitamin A. 
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CHAPTER VII 


GROWTH— KEPRODUCTION— FATTENING 
I. Growth 

201. Importance of thrifty growth. — Growth is one of the most 
important forms of livestock production. While the maximum produc- 
tive possibilities of any animal depend on its inherited characteristics, 
its full capacity cannot be reached unless it is properly fed during 
the growing period. 

Growth is the foundation of meat production in all classes of stock. 
Young cattle, sheep, and swine will not make economical gains while 
being fattened, unless they have been raised so that they are thrifty 
and vigorcrus. ♦One cannot expect good yields of milk from dairy cows, 
unless they have been well developed as heifers. 

Similarly, brood mares, beef cows, and ewes may have their pro- 
ductive ability seriously reduced if they have been raised improperly. 
Work horses and mules cannot perform the maximum amount of labor 
if their growth has been stunted or if their skeletons have been injured 
by inadequate rations during the growth period. 

202. Nutritive requirements for growth. — The nutritive require- 
ments for growth are in strong contrast to those for the mere main- 
tenance of the body. Not only are far greater amounts of certain 
nutrients required, but also a young, growing animal suffers sooner 
and much more seriously from nutritive deficiencies than does a mature 
animal. The requirements for growth differ from those for mainte- 
nance in the following respects: 

1. A much larger amount of total digestible nutrients or net energy 
.must be provided in the ration for a growing animal than for an 
animal of the same size that is being maintained at constant weight. 
An animal can use for the formation of new body tissues only the 
amount of nutrients that remains after the requirements for main- 
tenance have been fully met. 

Therefore, for normal growth the ration must be much more liberal 
than for maintenance, and also it must generally be more concentrated 
in nature. It has been pointed out in Chapter V that mature cattle, 
sheep, and horses can be maintained largely or entirely on roughage, 
even that which is rather inferior. On the other hand, young calves, 
lambs, and foals cannot make good growth on roughage alone, even if 
it is of high quality. 

2. Since growth consists largely of an increase in the size of the 
muscles and other protein tissues, it is obvious that far more protein 
is needed for growth than for maintenance. Also, as has been empha- 
sized in the preceding chapter, the quality or kind of protein is probably 
more important in rations for growing animals than for those that 
are mature and are not producing protein in milk. 
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Fattening Stock Need a Liberal Supply of Concentrates 

Hereford cattle being fattened on an Iowa farm. The first requirement of 
u ration for fattening animals is an abundance of total digestible nutrients or 
net energy. These steers are being fed a liberal amount of corn. 




Milk Is the Natukal Kood for Yotwo IMaaiimals 

A study of th(' composition of milk shows that young animals should have 
rations which i)rovidc: (1) a liberal amount of easily-digested nutrients; (2) an 
ybundance of i)rotein of high cpiality; (3) plenty of minerals, es])('cial]y calcium 
<and phosi)horus; and (1) an adecpiate supply of \'itamins. (From Wisconsin 
Station.) 



Liberal Fp:eding Is Necessary for Rapid Growth 

In addition to their mothers’ milk, these carly-spring lambs are being supplied 
with a mixture of grain and other concentrates in a lamb creep, so they will 
make rapid growth. (From J. P. Willman, New York, Cornell, Station.) 
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3. For the building of the skeleton and also in the formation of 
the protein tissues, large amounts of minerals are required, especially 
calcium and phosphorus. Therefore the mineral needs for growth are 
very great in comparison with those for maintenance. 

4. The growing animal has a much greater requirement for vita- 
mins than an animal which is being maintained without gain in weight. 
For normal growth of all farm stock it is especially important, as has 
been pointed out in the previous chapter, that the ration provide a 
plentiful supply of vitamins A and D. With the exception of poultry, 
which require an unusually large amount of vitamin G, the other vita- 
min requirements are met by the rations usually fed growing animals. 

203. Rates of growth. — The different kinds of farm animals have 
rates of growth which are characteristic for the species. Also, the 
various breeds of the same species differ to some extent in the mature 
size that is reached and in the earliness of maturity. Tables showing 
the normal weights and heights of young stock at various ages, such 
as are presented in Chapter XXIII for horses and in Chapter XXVIII 
for dairy cattle, serve as convenient guides in determining whether 
stock have made normal growth. 

Studies by Brody and associates at the Missouri Station, as well 
as the investigations of others, have shown that the rate of growth by 
farm animals generally increases up to the age of puberty, or sexual 
development.^ After this, the rate gradually decreases as maturity is 
approafched. 

These studies also show that in proportion to their mature size and 
the length of time taken to reach it, the rates of growth of most species 
of animals have great similarity. However, the rate of growth in 
humans differs in a striking manner from the rates for farm animals, 
humans having a much longer juvenile period in proportion to their 
average length of life. 

204. Utilization of food by young animals. — It is well known that 
young animals make decidedly more rapid gains, considering their size, 
than those made by older animals, even. when the latter are fed liberal 
fattening rations. A month-old calf which is fed liberally on milk 
will gain more than 1 lb. a day per 100 lbs. live weight, while a daily 
gain of 0.3 to 0.4 lb. per 100 lbs. of weight is large for a 2-year-old 
fattening steer. 

The amount of protein built into body tissues per 100 lbs. live 
weight is high for the very young animal and rapidly decreases as it 
becomes older. Thus, a calf 8 days old will store nearly 0.40 lb. of 
protein daily per 100 lbs. live weight.^ At a month of age it will store 
only about 6.28 lb. per 100 lbs. live weight ; at 2 months, about 0.16 lb. ; 
and at 10 months, only about 0.05 lb. 

Young animals can retain and build into their protein tissues and 
skeleton a large part of the protein and mineral matter in their rations. 
For example, up to a month of age thrifty calves may store 70 per 
cent or more of the protein, calcium, and phosphorus supplied by the 
milk they consume. As they grow older, the percentages of these 
nutrients which are stored decrease. Thus 2-year-old fattening steers, 
fed a liberal ration in Illinois experiments, stored only 13 per cent of 
the total protein in their ration.® 
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After growth is completed, but little storage of protein or mineral 
matter can take place, for the skeleton, the muscles, and the internal 
organs have reached full development. The muscular fibers, of which 
the muscles are composed, increase in number only during youth. 
Indeed, it is believed that the muscles of the new-born young of some 
animals contain as many fibers as those of the mature animals. As 
the fibers can thicken only to a limited extent, the muscular tissues, 
or lean meat, of a mature animal can be increased but little in com- 
parison with the great storage of fat that may occur. 

If an animal is healthy but has poor muscular development, the 
size of the muscles can be increased somewhat through a thickening 
of the individual fibers produced by suitable exercise and food. Also, 
an animal whose muscles have wasted through sickness or starvation 
will rapidly repair its tissues upon a return to favorable conditions, 
thereby storing protein. With these exceptions the only storage of 
protein and mineral matter which can occur in mature animals is in 
the growth of the nitrogenous hair and hoofs, and in the small amount 
of protein and mineral matter in the fatty tissues. 

206. Importance of utilizing growth capacity. — ^From the practical 
standpoint, it is of prime importance in feeding animals for meat 
production to take advantage of the great stimulus to growth while 
they are young. Young animals should always be fed rations rich 
enough in total nutrients, in protein, in minerals, and in vitamins to 
permit rapid and economical growth of body tissues and skeleton. 

The rate of growth and the efficiency with which the nutrients 
are utilized depend not only on the adequacy of the ration, but also 
on the inherited growth capacity of the animal. By skillful breeding, 
much improvement can undoubtedly be made in the efficiency with 
which farm animals transform food into body tissue.* An excellent 
illustration of such possibilities is the improvement of swine in Den- 
mark, which is mentioned in Chapter XXXV. Through careful selec- 
tion of breeding stock, based on feeding and slaughter tests of the 
progeny, the amount of feed required per 100 lbs. gain has been 
materially reduced and the quality of the carcasses also markedly 
improved. 

206. Comparative efficiency of young and older animals. — Nu- 
merous feeding trials reviewed in Part III show that young animals 
require considerably less feed for 100 lbs. of gain in body weight than 
those which are older. Because of this, they have a marked economic 
superiority in the production of meat. There are several reasons for 
the more rapid gains and the more economical meat production of 
young animals. 

Their gains are more watery than those of older animals, and also 
contain more protein and far less fat, which has a much higher heat 
value than protein. More net energy is therefore required to make 
a pound of gain on a mature fattening animal than on one which is 
young and growing. 

Furthermore, the food consumed by young animals is ordinarily 
lower in fiber, and hence more digestible and higher in net energy, 
than that eaten by older animals. In addition, since young animals 
consume more feed in proportion to live weight, they have left for 



GROWTH— KEPKODUOTION— FATTENING 143 

building into body tissues a much larger part of their feed, after the 
maintenance requirements have been met. 

These factors account fully for the greater economic efficiency of 
young animals. Contrary to common popular opinion, there is no 
evidence that a young animal makes any better percentage utilization 
of the net energy supplied in the feed than an older one, after the 
maintenance requirements are deducted.® 

207. Milk the natural food for young mammals. — Milk is indis- 
pensable for mammals during the earliest stages of growth, and it is 
unexcelled as a food throughout the entire suckling period. A study 
of the composition of milk will therefore aid in showing the nutritive 
requirements for growth. Information on the composition of the milk 
of the various farm animals is given in the respective chapters of 
Part III and in Appendix Table I. While the milks of various species 
differ considerably in content of the various nutrients, especially of 
fat, all milk has certain general characteristics. 

First of all, milk is easily digested and assimilated. The nutrients 
are supplied in forms that are particularly adapted to the undeveloped 
digestive systems of mammals at birth. 

Milk is rich in protein, and the protein is of exceptionally high 
quality, supplying an ample amount of all the essential amino acids. 
On the dry basis, cow^s milk generally contains 25 per cent or more 
of protein, and on the average it has the very narrow nutritive ratio 
of 1:3.9. 

Milk is high in minerals, on the dry basis, and it is especially 
rich in calcium and phosphorus, the two minerals needed in largest 
amounts by growing animals. There is therefore no deficiency of 
these important minerals when young animals receive liberal amounts 
of milk. 

There is but little iron in milk, but this lack is offset, as has been 
pointed out in the preceding chapter, by the fact that the young are 
bom with a considerable store of iron in their bodies. Before this 
store is depicted, young animals normally begin to consume other foods 
which supply much more iron than does milk. Only in the case of 
suckling pigs not on pasture is this lack of iron in milk apt to cause 
serious anemia. 

Milk also contains less copper, manganese, and magnesium than 
do most foods. This does not cause any difficulty, unless animals are 
continued on milk as an exclusive diet during a far longer period than 
normal. 

When the mother receives a ration ample in content of vitamin A, 
her milk is rich in this vitamin, which is needed in particularly liberal 
amounts for growth. Milk from properly-fed animals is also high in 
vitamin G, fair in content of vitamin B, and supplies an appreciable 
amount of vitamin D. 

The fat and the sugar in milk furnish concentrated energy in 
readily-assimilated form and provide the nutrients for the formation 
of the fatty tissues in growth. 

It has long been known that the shorter the time it takes new-born 
young of different species to double their birth weights, the greater 
are the percentages of protein, calcium, and phosphorus in the milk. 
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Thus, for the young of each species there is provided milk of the 
composition particularly adapted for their growth. 

208. Deficiencies of milk as exclusive diet for long periods.— 

Under normal conditions young mammals begin to eat solid food in 
addition to milk early in the suckling period, and this food makes good 
the lack of iron and copper in milk. Attempts to raise animals on milk 
as an exclusive diet have ended in failure, unless small amounts of 
these minerals have been added.® (174) 

The results have been still further improved in Wisconsin studies 
when traces of manganese were also added.^ In Michigan experiments 
mentioned previously, calves fed only milk and starch with mineral and 
vitamin supplements finally died from convulsions unless magnesium 
salts were added to the ration.® (137) 

Since milk, even whole milk, is not high in vitamin D, there will 
generally be a lack of this vitamin when an exclusive milk diet is 
continued for an abnormal length of time, unless the young animal is 
exposed to sunlight or other ultra-violet rays.® 

It should not be concluded from these studies that milk is not 
an ideal food for young farm animals under normal conditions. It is 
only when milk is continued as an exclusive diet for an unusual length 
of time that these nutritive lacks manifest themselves. 

209. Rich and poor milk for young animals. — A very young ani- 
mal has only a limited ability to digest and assimilate fat. If it is fed 
milk containing a greater percentage of fat than is normal for that 
species, digestive disturbances may therefore result. Since human milk 
is lower in fat content than cow^s milk, this fact must be borne in 
mind in feeding very young infants. For delicate infants cow^s milk 
too high in fat may produce unsatisfactory results. 

Even for very young calves, particularly those that are not vig- 
orous, it is best to use milk that is not unduly rich in fat. Thus, in 
a Jersey or Guernsey herd it is wise to use milk from a low-testing cow 
for a week or two, or to add warm skimmilk or even water to lower 
the fat percentage. 

In Connecticut and Vermont experiments with young pigs, better 
results have been secured when they were fed milk moderate in fat 
content than when milk high in fat was used.^® Milk moderate in fat 
content was also more valuable per pound for young calves and lambs 
in the Connecticut tests than milk high in fat. For species of young 
animals, such as rats, that are able to utilize large proportions of fat, 
Illinois tests show there is no difference in the digestibility of cow’s 
milk rich and poor in fat content.^^ 

210. Importance of colostrum for the new-born. — Colostrum, which 
is the milk yielded by the mother for a short period following the birth 
of the young, differs from ordinary, milk in containing much more 
protein and also somewhat more minerals. The high protein content, 
which in the case of cow’s milk may be 17 per cent or more, is due 
chiefly to a large amount of globulin. This is a protein that occurs in 
the blood, but which is present in ordinary milk only in traces. The 
albumin content of colostrum is also considerably higher than that of 
normal milk. 

Recent investigations have shown that, at least in the case of 
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farm animals, colostrum has an exceedingly important function.^^ It 
contains specific antibodies, or immunizing substances which tempo- 
rarily protect the new-born against certain diseases, especially infec- 
tions of the digestive system. The young animal is born with very 
slight ability to resist these diseases, and, if it does not secure the 
colostrum, is apt to succumb to infection. Later in life the young 
animal itself develops more or less immunity to such infections. 

Colostrum is also especially rich in vitamin A, and, because of a 
laxative action, it is believed to aid in cleansing the digestive tract of 
accumulated fecal matter present at birth. 

211. Protein requirements for growth. — It has previously been 
emphasized that relatively large amounts of protein are required for 
growth, and also that the protein in the ration must be of* suitable 
quality. If there is an inadequate supply of any of the essential amino 
acids, an animal will be unable to make normal growth, even though 
the amount of digestible protein is plentiful. (142) 

Definite information is presented in Part III on the protein re- 
quirements of the various kinds of young stock, both as regards the 
quantity and the quality of protein needed. Many different rations 
are also suggested which will produce good growth and development. 

In the opinion of the author, the only safe method of determining 
the minimum amount of protein required for normal growth by any 
class of stock is to conduct experiments in which the animals are 
actually raised to maturity on rations containing various proportions 
of protein. Only by such long-time investigations can it be definitely 
ascertained whether the results are better from one proportion of 
protein than from a smaller amount. 

Unfortunately, relatively few experiments of this type have thus 
far been conducted. Our knowledge concerning the minimum amounts 
of protein needed for growth by the various classes of stock is therefore 
still very limited. In the Morrison feeding standards, presented in 
Appendix Table III, the author has followed the plan of not recom- 
mending less protein than has actually produced good growth in careful 
tests. It has been borne in mind that the actual amount of protein 
in individual feeding stuffs of the same kind may vary considerably, 
and therefore recommendations have been made which should be safe 
under varied practical conditions. 

A method sometimes used in studying the protein requirements 
for growth is to determine the amounts of protein stored daily in the 
bodies of growing animals. From what limited data are available, it 
is then estimated that the animals should utilize the digestible protein 
in their feed with a certain percentage of efficiency. On this basis, 
amounts of digestible protein are computed, which, it is believed, should 
produce normal growth. 

Based upon this method, Mitchell and associates of the Illinois 
Station have recommended amounts of protein for growing animals 
which are much lower than are commonly fed.^^ The author considers 
it unsafe to follow such recommendations in practical stock feeding 
until it has been proven by actual experiments with a sufficient number 
of animals that these amounts of protein are entirely adequate under 
practical conditions.^^ 
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If the ration of a young animal supplies protein of proper quality, 
but the amount of protein is insulScient, the only result may be to 
check the rate of growth, without causing permanent stunting, unless 
the lack is too great or too long continued. On the other hand, more 
serious consequences may follow when the total amount of protein is 
liberal, but the supply of one or more of the essential amino acids is 
decidedly inadequate. 

212. Mineral requirements for growth.-^On account of the largo 
amounts of minerals, especially calcium and phosphorus, that are 
required to build the skeleton and other parts of the body, normal 
growth cannot be expected unless the ration amply meets these min- 
eral needs. A lack of minerals may be much more serious to a young 
animal than a lack of protein or a lack of total digestible nutrients or 
net energy. 

If the ration is very deficient in calcium or phosphorus, rickets 
may result, and the animal may be permanently crippled or deformed 
if the deficiency continues too long. (163) Also, the skeleton may be 
seriously reduced in strength, and the bones may be so fragile that 
they will break under ordinary stresses and strains in later life. 

For calves, lambs, and foals the best insurance against a lack of 
calcium is to feed sufficient legume hay throughout the winter and to 
provide good pasture during the growing season. Well-cured legume 
hay not only has an abundance of calcium, but also sun-cured hay is 
the best source among common feeds of vitamin D, which animals must 
have in order to assimilate the calcium and phosphorus in their rations. 

Whenever there is any possibility that the rations for young stock 
may be lacking in phosphorus, a safe phosphorus supplement should 
be added, as advised in the preceding chapter and in Part III, where 
recommendations are made for each class of stock. 

In the case of suckling pigs not on pasture, there may be disaster 
from anemia caused by lack of iron, unless the precautions explained 
in the previous chapter are taken. (174) In districts where there is 
a definite deficiency of iodine, it is wise to supply this mineral in the 
form of iodized salt, or by other means. (172) 

213. Vitamins required for growth. — In the discussions of the 
vitamins in the preceding chapter, it has been emphasized that it is 
just as necessary that the rations of growing animals furnish an ade- 
quate supply of these substances as it is that they provide ample 
protein and minerals. 

Suckling animals will receive plenty of vitamin A in the milk 
if their dams are fed suitable rations. When they are weaned, care 
must be taken that sufficient of this vitamin is furnished by well-cured 
hay, good pasture or other green feed, or by yellow corn. In the 
case of calves changed from whole milk to skimmilk or milk substitutes 
at an early age, it is especially important that they be furnished with 
choice, green-colored hay as soon as they will eat it, to provide both 
vitamin A and vitamin D. 

Young stock on pasture will not suffer from a lack of vitamin 
D, because of the effect of the ultra-violet rays in sunlight. (191) 
Under winter conditions, however, young pigs are often severely crip- 
pled or even paralyzed by rickets, caused by a lack of this vitamin. 
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ALso, dairy calves and foals sometimes suffer from rickets. These con- 
ditions can usually be entirely prevented by the use of good-quality, 
field-cured legume hay, as described in the chapters of Part III. Beef 
calves and lambs rarely have rickets, because they are out doors in the 
sunlight more, even in winter. 

Except in the case of poultry and sometimes of pigs, there is gener- 
ally no lack of the other vitamins in the rations commonly fed to young 
stock. Poultry have particularly high requirements for vitamin G 
(riboflavin) , and pigs not on good pasture may sometimes suffer from a 
deficiency of nicotinic acid or other B-complex vitamins. 

214. Requirements for total digestible nutrients or net energy. — 
An animal can use for growth only the amounts of nutrients that are 
left after its maintenance needs have been met. Reasonable liberality 
of feeding is therefore necessary for normal growth. If a young animal 
does not receive sufficient total digestible nutrients or net energy, its 
rate of growth will be slow, and it may be permanently stunted in size 
if the underfeeding is continued too long. 

The amounts of total digestible nutrients recommended in the 
Morrison feeding standards for the different kinds of young stock are 
based upon the results of the feeding experiments conducted by the 
experiment stations. (Appendix Table III.) Recommendations in 
terms of net energy are also included in these standards, for use by 
those who prefer to compute rations on this basis. Specific information 
is presented in Part III of this book concerning rations suitable for 
raising each class of stock, especial attention being given to the amounts 
of concentrates that are required under various conditions. 

Young stock are not so apt to be permanently injured by a 
moderate deficiency of total digestible nutrients or energy as they are 
to be hurt by a lack of minerals or vitamins. As is shown in the 
following paragraphs, young animals have a remarkable power to re* 
cover from a period of scanty feeding when again fed with liberality. 

However, under practical conditions young female animals are apt 
to be stunted in size unless they receive sufficient feed to make normal 
growth up to the time they bear their first young. If they are under- 
sized at this time, they will usually get no opportunity to make up 
for the lost growth. In milk production there are hea\’y demands on 
their bodies for niitrients, and these demands take precedence over any 
use of nutrients for continued growth of the mother. Because of re- 
peated reproductions and lactations, the animals are unable to complete 
their growth, and they therefore never reach normal size. 

This is especially apt to occur with dairy heifers that have not 
made normal development by the time of first freshening. Because 
of the large amount of milk a good heifer produces, she will not be 
able to make much growth while in milk, unless she is fed with con- 
siderable liberality. In many a herd the cows are under-sized and 
lack high productive capacity, largely because the owner has fed his 
heifers too scantily. 

215. Effects of restricting the feed of growing animals.— It has 

been emphasized previously that young animals may be permanently 
injured or even killed by a serious lack of minerals or vitamins. A 
severe deficiency in the amount or the quality of protein may also 
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have grave effects. The question then arises as to what the effect will 
be if young animals are fed a ration that does not provide enough 
total digestible nutrients for normal growth, but which furnishes an 
adequate supply of protein, minerals, and vitamins. Does such scanty 
feeding permanently stunt the animal? 

The question is of great practical importance, especially in the 
western range districts. Under range conditions the feed during the 
winter is often so scanty that the young cattle weigh considerably less 
in the spring than they did in the fall. Also, under farm conditions 
young Stocker steers which are to be fattened for market the next 
summer are often wintered on a ration consisting chiefly of cheap 
roughage, on which they will make but little gain in weight. 

On account of the importance of this problem, extensive investi^ 
gations were conducted at the Missouri and Kansas Stations to deter- 
mine the effects of severely restricting the feed of young cattle.^® In 
these trials some steers were grown to maturity on liberal rations, while 
others for periods of several months were fed rations so scanty that 
they could make no gain in live weight. Still others were fed sub- 
maintenance Tuitions, supplying so little feed that they steadily lost 
weight. After the steers had been under-nourished for periods of 
various lengths, some were fed liberal rations to determine whether 
they would reach normal size. 

For 70 to 120 days, depending on how vigorous they were and 
how much fat they carried, steers, weighing 573 to 740 lbs. at the start, 
which were fed only enough to maintain their weights, gained as rapidly 
in height as others that were liberally fed. After this period the 
increase in height became less rapid, ceasing altogether in from 6 
months to a year and a half, by which time the animals had become 
very thin and had used up all the fat in their bodies which was not 
absolutely necessary to life. 

Striking changes were produced in the composition of the carcasses 
of the steers by this severe under-feeding. The carcass of a steer fed 
for 5 months so as to gain 0.5 lb. per head daily had a considerable 
amount of fatty tissue, and this contained 73 per cent fat and only 
18 per cent water. In strong contrast to this, the fatty tissue had 
practically disappeared from the carcass of a steer which had been 
losing 0.5 lb. per head daily for 12 months. What little ‘‘fatty tissue 
was left contained only 5 per cent fat and had 81 per cent water. 
The lean flesh was changed much less in percentage composition than 
the fatty tissue, but this steer had lost nearly 40 per cent of the lean 
meat from his body during the year of under-feeding. 

The skeleton is not affected by scanty feeding until practically 
all the fat has been removed from the fatty tissues and the muscles. 
In this steer, however, the withdrawal of fat had gone so far that 
nearly all the fat had been removed from the marrow of the bones 
and replaced with water. 

216. Effects of checking growth. — It was found in these investi- 
gatiohs that unless the under-feeding of the young steers was continued 
for a long time, they were not permanently stunted. When liberal 
feeding was resumed, they recovered to a surprising degree, and unless 
they had been under-fed for 3 years or more, usually reached full 
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mature size. Also, the under-nutrition did not seem to result in any 
abnormal body conformation. 

These experiments and also investigations at the New Hampshire 
Station show that unless the under-feeding has been so severe as to 
cause the animal to become unthrifty, it will make very rapid gains 
in weight when again liberally fed.^® During this period of rapid 
gains the amount of feed required per 100 lbs. gain will generally be 
less than normal. 

The growth periods of animals may be prolonged to a surprising 
extent when they are fed a ration that is limited in amount, but which 
supplies sufficient protein, minerals, and vitamins. In New York ex- 
periments rats had not lost the capacity to grow after they had been 
under-fed to an age of 911 days, which is much more than their normal 
length of life.^^ 

These studies on growth are highly significant to the stockman. 
They s^how that under certain conditions it may be profitable to carry 
growing animals through the winter on roughages alone. Even though 
they lose slightly in weight during the winter, they will make rapid 
and economical gains when they go to pasture, if they are in thrifty 
condition. However, the livestock breeder who seeks to develop his 
animals toward an ideal should supply ample feed during the whole 
growth period. 

II. Reproduction 

217. Importance of adequate rations for breeding animals. — It is 

essential that breeding cows, mares, ewes, and sows receive rations that 
fully meet the needs of their own bodies and also supply sufficient 
amounts of the various nutrients for the unborn young. Without 
question, many of the failures in raising young stock are due to im- 
proper nutrition of the breeding females. 

If the mother is fed inadequately, the offspring are apt to be 
weak or undersized at birth, and also the supply of milk may be 
scanty or of low vitamin content. Occasionally the ration is so defi- 
cient that the young are born dead. Fortunately, the mother is able 
to protect the unborn offspring to a certain extent against temporary 
or small deficiencies in her food by drawing on her own skeleton for 
calcium or phosphorus and on her muscular tissues for protein. Such 
maternal protection is, however, at the expense of the female’s own 
body. 

On account of the importance of the subject, especial attention 
is given in the chapters of Part III to the requirements during preg- 
nancy of each kind of breeding stock. Rations, adapted to various 
parts of the country, are suggested that will produce satisfactory re- 
sults. Breeding females should be so fed that they are in thrifty 
condition. However, they should not be allowed to become too fat, or 
their breeding efficiency may be seriously decreased. Abundant exer- 
cise is essential for the best results. 

Especial care should be taken that the rations of pregnant animals 
furnish ample amounts of those nutrients which are particularly needed 
in the development of the fetus. Sufficient protein and protein of 
good quality must be provided for the formation of the body tissues. 
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There must also be plenty of calcium and phosphorus and liberal amounts 
of vitamins A and D. A serious lack of vitamin A will not only injure 
the unborn young, but will also cause the mother ^s milk to be seriously 
deficient in the vitamin. 

While it is essential that mature pregnant animals receive a sufficient 
supply of these nutrients, it should be understood that they do not re- 
quire nearly such large supplies as do animals that are growing rapidly. 
Also, the requirements during pregnancy are much less than for milk 
production. Most of the growth of the fetus is made during the last 
third of pregnancy. Until then it is not necessary to give a pregnant 
animal much more feed than would be needed to keep her in thrifty 
condition, if unbred. However, more care should be taken to provide 
sufficient protein, minerals, and vitamins. During the last third of 
pregnancy the ration should be somewhat more liberal, to provide for 
the rapid growth of the fetus and also to get the dam in condition to 
produce a good flow of milk. In the case of an immature female, which 
is still growing, more feed will be needed than for a mature animal. 

The total amount of nutrients contained in a fetus are considerably 
less than many realize. At birth the body of the young animal is 
very high in water content, new-born calves containing 71 to 75 per 
cent water. In Missouri experiments new-born 65-lb. Jersey calves 
contained about 11.8 lbs. protein, 2.5 lbs. fat, and 2.7 lbs. mineral 
matter; and 80-lb. Hereford calves, 14.6 lbs. protein, 2.9 lbs. fat, and 
3.6 lbs. mineral matter.^® These are no greater amounts of nutrients 
than are contained in 400 to 500 lbs. of milk of average eomposition. 
To these amounts of nutrients must be added those contained in the 
fetal membranes and fluids. 

The requirements of male breeding animals have thus far been 
studied but little. Experience shows, however, that sires must be kept 
thrifty and must have ample exercise to retain their breeding powers. 
Recent investigations indicate that a liberal supply of vitamin A is 
necessary for high fertility in males. Information on the feeding and 
care of sires of each class of stock is given in Part III. 

Vitamin E is probably not deficient in the usual rations for farm 
animals. (200, 1242) Recent experiments indicate that some cases of 
sterility in dairy bulls and cows may be cured by hypodermic injections 
of vitamin C. (199) 


III. Fattening 

218. The object of fattening. — ^We all know that the lean meat 
from a well-fattened animal is better flavored and more juicy and ten- 
der than that from a lean one. This improvement in the quality of 
the lean meat, and not the storage of thick masses of fat, is the main 
object in fattening animals before they are slaughtered for meat. 

To some extent during growth and especially during fattening, 
fat 4 stored in the lean-meat tissues, chiefly between the bundles of 
fibers of which the muscles are composed. This storage of fat, which 
forms the so-called marbling of meat, adds to its tenderness, juici- 
ness, and flavor, besides increasing the digestibility and nutritive value. 
There is also an increase in the soluble protein and in other extractives 
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of the muscles, resulting in a further betterment of the quality of 
the meat, as an additional advantage obtained from fattening. 

219. What fattening is. — The fattening of animals is what the 
term implies, chiefly the laying on of fat. Many years ago Lawes 
and Gilbert of the Rothamsted (England) Experiment Station found, 
by analyzing the bodies of animals slaughtered at various stages of 
fattening, that the gains of steers when nearly full grown were about 
two-thirds fat, and only 7.7 per cent protein and 1.5 per cent mineral 
matter.^® With pigs the proportion of fat was even greater. 

The younger the animals are when they are fattened, the greater 
will be the storage of protein and mineral matter. This is shown in 
the following table, which presents the results of experiments at the 
Missouri Station.^® There is first given the composition of the carcass 
of a 755-lb. steer in thrifty growing condition, followed by the com- 
position of the gains made by similar steers during fattening. 


Composition of unfaitened steer and gains during fattening 



Fat 

Protein 

Mineral 

matter 

Water 


Per ct. 

Per ct. 

Per ct. 

Per ct. 

Carcass of unfattened steer 

18.0 

18.5 

5.7 

57.3 

First 500 lbs. of gain 

46.1 

11.8 

2.0 

39.8 

Second 500 lbs. of gain 

67.7 

6.6 

1.9 

22.3 


While the carcass of the steer killed before fattening contained 
only 18.0 per cent fat, the first 500 lbs. of gain were nearly one-half, 
and the last 500 lbs. over two-thirds fat. During the first 500 lbs. 
of gain, 11.8 per cent of the increase was protein, but in the last 500 
lbs. of gain only 6.6 per cent was protein. The storage of mineral 
matter was likewise less as the animal matured. 

The fact that the proportion of fat in the gain made by an animal 
steadily increases during the fattening period is of much practical 
importance. It is the chief reason why the feed cost per pound of 
gain increases rapidly after an animal has become fairly well fattened. 
Such flesh contains much more fat and less water, and it is corre- 
spondingly more expensive to produce. 

The fat animal also needs a greater proportion of its feed for 
maintenance than one which is not yet well fleshed, because of two 
factors; First, the maintenance requirement of a fat animal per 1,000 
lbs. live weight tends to be higher than for a thinner one ; and second, 
the fat animal eats less feed per 1,000 lbs. live weight, consequently 
having less nutrients left for meat* production after the maintenance 
requirements have been met. 

For these reasons, one should have the demands of the market 
very definitely in mind in fattening stock for sale. The animals should 
be fattened sufficiently to produce the best net returns, considering 
the probable sale price for animals of various degrees of fatness. How- 
ever, they should not be made fatter than necessary, or the additional 
cost of the gains will generally reduce the profits. 

220. Composition of steers of different ages. — ^For several years 
Haecker of the Minnesota Station conducted extensive investigations 
on the food requirements of steers of different ages, in which the entire 



152 


FEEDS AND FEEDING 


carcasses of many animals were analyzed.^^ The following table shows 
the average composition of the steers slaughtered at various stages of 
growth. 


Average composition of steers at various stages^ 


Normal weight 

No. of 
steers 

Water 

Dry 

matter 

Protein 

Fat 

Ash 

Lbs. 


Per cent 

Per cent 

Per cent 

Per cent 

Per cent 

100 

5 

71 M 

28.16 

19.89 

4.00 

4.26 

200 

4 

70.43 

29.57 

19.14 

6.01 

4.42 

300 

4 

65.72 

34.26 

18.77 

11.19 

4.30 

400 

5 

65.79 

34.21 

19.31 

10.56 

4.34 

500 

5 

62.90 

37.10 

19.15 

13.73 

452 

600 

3 

61.20 

38.80 

19.40 

15.04 

4.36 

700 

4 

60.35 

39.65 

18.60 

16.58 

4.48 

800 

3 

58.44 

41.56 

18.80 

18.52 

4.24 

900 

3 

54.10 

45.90 

17.66 

24.08 

4.16 

1,000 

4 

52.03 

47.97 

17.11 

26.91 

3.95 

1,100 

3 

47.77 

5253 

16.38 

32.03 

382 

1,200 

3 

47.96 

52.04 

16.02 

32.32 

3.70 

1,300 

2 

47.93 

52.07 

15.79 

32.50 

3.78 

1,400 

' 1 

47.76 

52.24 

16.15 

32.58 

3.51 

1,500 

1 

43.48 

56.52 

15.72 

37.59 

3.21 


♦Not including contents of the digestive tract. 


The table shows that the percentage of water steadily decreases 
as the animal matures, falling from 71 per cent in the calves to 43 
per cent in the 1,500-lb. steer. The percentage of fat increases rapidly 
during the growth and fattening of the animal, increasing from 4.0 
per cent soon after birth* to over 37 per cent in the 1,500-lb. steer. 
The protein and ash show less change than the water and fat, but 
the percentages decrease gradually as the animals grow older. 

Haecker found that the storage of protein by the animal, which 
is rapid in early life, shows a marked slowing up when the animal 
reaches a weight of about 800 lbs. On the other hand, the gain in fat 
is most rapid after the steer reaches a weight of 600 lbs. 

221. How body fat is formed. — Since fattening is chiefly a storage 
of body fat, in studying the feed requirements of fattening animals 
it is important to learn from what substances in the feed this body 
fat may be formed. By numerous feeding experiments it has been 
shown that after enough nutrients have been supplied to maintain the 
body, any excess — no matter whether of fat, carbohydrates, or protein 
—may be transformed into body fat. 

The largest part of the fat stored in the bodies of farm animals 
is undoubtedly formed from the carbohydrates of the food, for these 
are the most abundant nutrients in all common rations. When more 
protein is furnished than is needed for the repair of the body tissues^ 
the remainder may, after the nitrogen is split off, likewise be changed 
into body fat. The fat in fhe food can also be transformed into body 
fat, after more or less change. 

The relative values of different feeds for the formation of body 
fat depend on the amounts of net energy or of total digestible nutrients 
that they furnish. For this reason, such a feed as com grain is 
unexcelled for the fattening of stock. 
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222. Effect of food fat upon cliaracter of body fat. — Each species 
of animals produces a characteristic kind of body fat, differing in 
melting point and chemical properties from those formed by other 
species. These characteristics are due to differences in the proportions 
of the various fatty acids. It is well known that the tallow produced 
by cattle and the mutton suet formed by sheep have much higher 
melting points than lard from swine. This is because lard contains 
much more oleic acid, which is liquid at ordinary temperatures, and 
less stearic acid and palmitic acid, which melt at higher temperatures. 

In the case of some animals the character of the body fat can be 
changed greatly if rations are fed which contain considerable amounts 
of certain fats. This is because the fatty acids in these food fats are 
to some extent deposited unchanged in the body fats. Thus, if swine 
are fed any considerable amount of soybeans or peanuts, both of which 
are rich in fat containing much oleic acid, the lard will be much 
softer than normal. Indeed, the pork will be so soft that the quality 
of the carcass will be decidedly injured from the market standpoint. 
Just opposite in effect, cottonseed meal and coconut meal tend to pro- 
duce hard pork. On account of the great practical importance of 
this matter, it is discussed at length in Chapter XXXV. 

The character of the fat in feeds also greatly affects the properties 
of the body fats produced by chickens and rats,^^ and likewise the 
character of the milk fat produced by cows. (242) However, recent 
Georgia and Iowa experiments indicate that, for some unknown reason, 
the character of the body fat formed by ruminants, including cattle, 
sheep, and goats, is not appreciably affected by the kind of fat in the 
foed.^® In this respect these animals seem to differ from swine in a 
striking manner. 

223. Total digestible nutrients required for fattening. — The first 
requirement of a ration for fattening animals is an abundance of total 
digestible nutrients or net energy. Unless a large surplus of nutrients 
is left after the maintenance requirements of the body have been met, 
the rapid formation of fatty tissues is impossible. 

The supply of total digestible nutrients must be considerably more 
liberal for fattening than for normal growth. Thus a beef calf, after 
weaning, will make good growth during winter on roughage alone, if 
it is of excellent quality. On the other hand, a calf being fattened 
for baby beef needs a large amount of grain and other concentrates, 
in addition to good roughage. In the fattening of young animals it 
is especially necessary that they have an abundant supply of nutrients. 
If their ration is not liberal, they may merely continue to grow, because 
of their strong growth impulse, and may fail to put on the desired 
amount of body fat. 

As is explained in Chapter IV, animals digest and assimilate a 
slightly smaller percentage of the nutrients in their ration when they 
are given liberal rations than when their feed is limited. However, 
in the fattening of stock this difference is generally more than offset 
by other factors. (113) 

The animal that is fed liberally will have a much larger proportion 
of the total nutrients in its ration available for fattening, after the 
amount needed for maintenance is deducted. Less feed is therefore 
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commonly required per 100 lbs. of gain when an animal is fed with 
sufScient liberality to produce good gains than when the feed supply 
is so scanty that slow gains result. Also, slow gains greatly prolong 
the fattening period, and so increase the cost of labor and the other 
expenses. 

Espfecial consideration is given in Part III to the amounts of feed 
required for fattening the various classes of stock. The factors that 
should determine the proportions of concentrates and of roughages in 
the rations for fattening cattle and sheep are fully explained in Chap- 
ters XXIX and XXXII. 

224. Protein requirements for fattening. — In the fattening of 
mature animals there is but little storage of protein in the gain pro- 
duced. Much less protein is therefore needed than for growing animals. 
Indeed, experiments have shown that mature fattening animals will 
make fairly satisfactory gains on rations supplying only 0.75 to 1.5 
lbs. of digestible protein daily per 1,000 lbs. live weight.^^ However, 
it is probably not advisable in the practical fattening of mature animals 
to reduce the protein supply to this low level. 

It has^ beep pointed out in Chapter IV that the digestibility of a 
ration is considerably reduced if it contains too large a proportion 
of carbohydrates and fat and too small a proportion of protein. Also, 
a ration is usually more palatable if it has a reasonable amount of 
protein, and therefore animals will eat a greater amount of it than 
of a ration very low in protein. This is important in producing rapid 
gains. 

If fattening animals are fed rations that are rich in carbohydrates 
and fat, but too low in protein, they are apt to ‘‘go off feed'^ and 
may even suffer from digestive disturbances. Considering all these 
factors, it is recommended that even for mature animals a ration for 
fattening should not generally have a wider nutritive ratio than 1 :10.0. 

225. More protein needed for young fattening animals. — Most of 
the animals raised for meat in this country are now fattened for 
market at relatively young ages. For instance, but few steers are older 
than 3 years when slaughtered, and a large proportion are only 1 to 2 
years old. Likewise, practically all the lambs not retained for breeding 
are fattened and marketed before they are a year old. Most of the 
pigs reach the market at weights of 200 to 225 lbs. or less, when much 
less than a year of age. 

All these animals are thus growing rapidly during the fattening 
period, and therefore they are making considerable amounts of protein 
tissues. These young animals consequently need much more protein 
in their feed than do mature fattening animals. For example, while 
mature fattening cattle make good gains when their ration has a nutri- 
tive ratio as wide as 1 :10.0, the nutritive ratio should not be wider 
than 1 :6.0 to 1 :7.3 for the fattening of calves for baby beef. 

226. Mineral and vitamin requirements for fattening. — ^Mature 
fattening animals do not require a much greater amount of minerals 
than they need for mere maintenance, and their vitamin requirements 
are also low. On the other hand, young fattening animals have even 
greater needs for minerals and vitamins than those that are merely 
making normal growth. Particular care must therefore be taken that 
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Tlic\<e wt'i'o r;iis((l af fli(> Wisconsin Slation on grain and grain by- 

])ruduct.s widiout pa>tni L' or !< gnnie forag(\ They l:>ecanie stunted and finally 
d( ‘V(doped llu* s(‘\ er(^ iick('ls shown hoiaa The ])rof( ins in such a I’ation are (jf 
]i<)or (|ualil>’; tlare is a (hficidicy of mineral matter, es))ecially calcium; and 
there i.> also a seiious lack of \ itamin D. Tnh'ss the grain is yellow corn, there 
will also be a d('ficienc}' of \ itainin A. (From Hart, Wisconsin Station.) 



Pigs Fed (/ohn Alone Do Not Develop Normal Carcasses 

Upper row, cross sections of carcasses of pigs hxl for lean; i. r., on well- 
balanced ration, by Henry at the Wisconsin Station. Left, section at shoulder; 
middle, section between fifth and sixth ribs; right, section at loins. Lower row, 
carcasses of pigs fed corn alone. Note larger size of muscles of pigs fed well- 
balanced ration. 


y ^7 Mo yT/Mo. 

Round Steaks from Steers Variously Fed 
Left, from steers fed medium ration; middle, from steers fed full ration; right, 
from steers fed scant ration. Note large size and well-marbled appearance of 
muscles from the full-fed steers and the scarcity of fat in the meat from the steers 
fed the scant ration. (From Missouri Station.) 
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they have an ample supply of these nutrients, or the gains will be 
unsatisfactory, and the animals may even become decidedly unthrifty. 

The recent investigations which are reviewed in Chapters XXIX 
and XXXI 1 have shown in a striking manner that the poor gains often 
made by fattening cattle or lambs when there is no legume hay in 
the ration may be due chiefly to a lack of calcium. As is pointed out 
there and in the previous chapter, this can readily be provided in such 
forms as ground limestone or ground oyster shell. (165) 

227. Rations for fattening animals. — The nutritive requirements 
for fattening each class of stock are explained further in Part III, 
and many practical rations are recommended that are adapted to 
conditions in various districts. The amounts of nutrients advised for 
fattening the different classes of stock and at various ages are stated 
in the Morrison feeding standards. (Appendix Table III.) These 
recommendations are based upon a study of the results of the investi- 
gations by various experiment stations and also upon experiments by 
the author and associates. 

228. Factors influencing fattening. — In addition to the suitability 
and the liberality of the ration, certain other factors have a great 
influence on the rapidity and economy of gains during fattening. 

Unthrifty animals make slow and expensive gains. Young ani- 
mals that are thin and even somewhat small for their age, due to a 
previous scanty supply of feed, may make rapid and cheap gains when 
fed a liberal fattening ration. It will, of course, require considerably 
longer for them to reach a desired market condition than for animals 
which are in better flesh at the start of fattening. If young animals 
have been stunted by a lack of minerals or vitamins, they are apt to 
be unthrifty and therefore unprofitable in the feed lot. 

The ability of an animal to make economical gains and reach a 
good finish also depends upon temperament. While a wild animal, 
nervous and active, can be fattened only with extreme difficulty, do- 
mesticated animals are more quiet and usually fatten readily. The 
restless animal is rarely a good feeder, while the quiet one, which is 
inclined to '^eat and lie down/’ will show superior gains. This is 
not due to difference in digestive or assimilative powers, but rather 
to the fact that the quiet animal has, from a given amount of food, a 
greater surplus of nutrients available for fat building. 

Fattening animals must not be allowed to exercise too much, as 
this wastes nutrients wdiich they might store in their bodies. 

IV. Studies on Growth and Fattening 

229. Effects of inadequate rations on young animals. — Several 
experiments have been conducted to determine the effects on the growth 
of animals and on the composition of their bodies of feeding unbalanced 
rations, which supplied too little protein or mineral matter. These 
studies are of much practical importance, as they show clearly the 
folly of failing to provide proper rations for young animals. 

Many years ago experiments were carried on at the Missouri, Wis- 
consin, Kansas, and Alabama Stations, and also in France, in which 
pigs that were already fairly well grown were then fed com alone, 
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in comparison with well-balanced rations made up of corn and various 
protein supplements.^® If younger pigs had been used in the trials/ 
those fed only com would have made practically no growth or would 
have died or been permanently stunted. 

The partly-grown pigs fed only corn made poor gains and required 
much more feed per 100 lbs. gain than those fed the balanced rations. 
Also, the feeding of corn alone greatly modified the carcasses. The 
pigs fed the balanced rations had much larger muscles, and therefore 
their carcasses had a greater proportion of lean meat. The carcasses 
of the pigs fattened on com alone had a wastefully high proportion 
of fat, with correspondingly less lean meat. 

It was also found that the pigs wliich had been fed only corn 
had a smaller amount of blood and also smaller livers and other internal 
organs per 100 lbs. of carcass than did those fed the rations containing 
ample protein and mineral matter. Moreover, the bones of the corn- 
fed pigs were abnormally weak. In the first Wisconsin trial their 
thigh bones broke at an average pressure of 380 lbs. for each 100 lbs. 
of carcass, while the bones of pigs fed milk, dried blood, and wheat 
middlings broke at 500 lbs., a difference of 32 per cent. 

To determine whether the poor results from com alone were due 
to the lack of minerals, Henry conducted 3 experiments at the Wis- 
consin Station in each of which one lot of pigs was fed corn alone; 
a second lot, com and hard-wood ashes, which are rich in calcium; 
and a third lot, com and bone meal.^® The pigs were confined in pens, 
with exercise yards floored with boards, so they could eat no dirt. The 
pigs fed corn alone soon failed to grow and became unduly fat and 
dwarfed. Those receiving wood ashes or bone meal in addition grew 
quite well for a time, but later their gains were poor. 

On corn alone 629 lbs. of com were required for 100 lbs. gain in 
weight, while only about 490 lbs. of corn were required when wood 
ashes or bone meal was added. Also, the bones of the pigs fed corn 
alone were only half as strong as those of the others. These trials 
clearly showed that adding a liberal supply of minerals to the ration 
was of some benefit, but it did not entirely remedy the deficiencies 
of com for growing animals. 

In later years numerous trials have been conducted to study this 
matter further. These investigations have clearly shown that to make 
a complete and satisfactory ration for growing animals, there must 
be added to com not only a supply of minerals, but also an additional 
supply of protein, and furthermore, protein which is better balanced 
in composition than that which the corn grain furnishes. For pigs 
not on pasture, white corn is unsatisfactory, unless a supplement is 
furnished that provides vitamin A. Also, the pigs must receive vitamin 
D, unless they are exposed to direct sunlight. 

The earlier trials with com alone were carried on chiefly with 
pigs which were fairly well grown when the experiments began. That 
youpg pigs cannot be raised on com alone is shown by extensive 
experiments at the Kansas Station.^^ In these trials pigs weighing 
about 25 lbs. were fed com with various supplements. On corn plus 
a mixture of mineral matter containing an ample supply of calcium, 
pigs made practically no growth, gaining only 12 lbs. on the average 
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in 180 days ! In comparison with this, the pigs fed com supplemented 
not only with mineral matter but also with milk casein, a protein of 
high quality, made an average gain of 179 lbs. in the same time. 

It should not be concluded from these experiments th^t corn is 
not an excellent feed for pigs and other stock. On the contrary, as 
is shown in later chapters, it is unexcelled for feeding all classes of 
stock when it is properly supplemented. 

230. Influence of soil upon breeds of livestock. — It is a common 
belief among those familiar with the livestock of various countries 
that the fertility of the soil in any district has a marked effect on 
the size and ruggedness of a breed of livestock which originates there. 

Ashton, who recently studied this subject in Europe, concluded 
that the dwarf size of the Brittany breed of cattle in Prance was duo 
largely to the great deficiency of calcium and phosphorus in the district 
where the breed was developed.^^ This dwarfed condition is apparently 
a result of the cumulative effort on the part of animals through suc- 
cessive generations to adapt themselves to their environmental condi- 
tions. If the animal cannot get enough calcium and phosphorus to 
build a strong skeleton of large size, there is a tendency to reduce tho 
size of the bones. 

Ashton concluded that, on the other hand, the large size and 
rugged frames, of the Brown Swiss breed were due in part to the high 
calcium content of the soil in Switzerland. Also, for generations the 
cattle have secured their living from roughage, with little or no con- 
centrates. This roughage has undoubtedly supplied a goodly amount 
of calcium, and of phosphorus as well. 

It was also pointed out that in the Island of Jersey the soil is 
more deficient in calcium and phosphorus than in Guernsey, where the 
cattle are larger. Breeders of the ^‘Island type^^ of Jerseys in the 
United States recognize that there is a tendency for their cattle to 
become somewhat larger and more rugged in bone when they are amply 
fed and kept on soil rich in minerals. 

It is also well kno\vn that the small size of the Shetland pony is 
due to the rigorous climate of the Shetland Islands and the lack of 
fertility in the soil. In marked contrast are tlie Percheron, Belgian, 
Clydesdale, and Shire breeds of horses, all of which were developed in 
districts where the soil was rich and the climate was moderate. 

231. Comparative economy of animal production. — The economy 
with which the various classes of farm animals produce human food 
is discussed in detail in the respective chapters of Part III, but it will 
be interesting to compare directly in the following paragraphs the 
economy of each class of animals with the others. 

Cooper and Spillman of the United States Department of Agri- 
culture^® computed the following instructive estimates of the amounts 
of human food produced from an acre of crops fed to livestock and 
also from an acre of various crops consumed directly for human food. 
In each instance the pounds of digestible protein and the therms of 
energy furnished by an acre are shown. 

The production of livestock per acre was arrived at by assuming 
that the land was devoted to crops suitable for feeding the kind of 
animal under consideration, and in the proper proportion to make a 
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well-balanced ration. For instance, in the case of hogs, four-fifths of 
the acre was in com and one-fourth in clover, and it was estimated 
that an acre used in this manner would produce 350 lbs. of live-weight 
increase in hogs. In order to make an efficient ration, it was assumed 
in some cases that a part of the product of the acre was exchanged for 
a high-protein feed not produced on the farm, such as cottonseed meal. 

The estimates given for the various farm animals are for merely 
the edible human food, after all waste in the carcass and in slaugh- 
tering has been deducted. The figures for corn, wheat, and soybeans 
are for the entire seeds and not for the milled product, such as corn 
meal and wheat flour. The estimates for rice are for polished rice 
and those for oats are for the hulled kernels. 


Human food from an acre of staple farm products 



Yield 
per acre 

1 Human food per acre 


Digestible 

protein 

Energy 


Lbs. 

Lbs. 

Therms 

Dairy products * 


1 


Milk 

1 2,190 

219 

72.3 

56.7 

711 8 

Cheese 

427.0 

Butter 

99 

1.0 

355.3 

Meat 

Pork, 350 lbs. live wt 

273 

22.7 

672.9 

Poultry, 267 lbs. live wt 

171 

33.0 

178.7 

Mutton, 205 lbs. live wt 

113 

14.7 

137.3 

Beef, 216 lbs. live wt 

125 

18.5 

130.0 

Eggs, 122.4 dozen 

184 

24.6 

1322 

Food crops 




Com, 35 bu 

1,960 

* 147.0 

3,124.2 

Sweet potatoes, 110 bu 

5,940 

53.5 

2,8512 

Irish potatoes, 100 bu 

6,000 

66.0 

1,908.0 

Wheat, 20 bu 

1,200 

110.4 

1,788.0 

Rice, polished (40 bu. rough rice) 

1,086 

50.0 

1,581.2 

Soybeans, 16 bu 

960 

294.7 

1,534.0 

Peanuts, 34 bu 

524 

1262 1 

1,265.0 

Oats, 35 bu 

784 

89.4 

1,254.4 


The table shows that if whole milk is used for food, the dairy 
cow leads all other classes of livestock in the economy with which she 
produces human food from a given area of land. In producing milk 
the cow yields 711.8 therms (711,800 Calories) of energy from 1 acre, 
and 72.3 lbs. digestible protein. Where only the cheese or the butter 
produced from milk is used for human food, the acreage yield of food 
nutrients is correspondingly reduced. 

Among the meat-producing animals, the hog greatly excels in 
economy of production. In pork there are produced per acre in edible 
human food 672.9 therms of energy and 22.7 lbs. digestible protein. 
It will be noted that in amount of energy in human food produced 
per acre, the hog even excels the cow if only butter or cheese is used 
for human food. Far below the hog in amount of food produced per 
acre come poultry, beef cattle, and sheep. 

The tood crops all surpass the livestock products in amount of 
food energy furnished per acre. This is the reason why animal products 
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cannot form any considerable part of the human diet in countries 
where there is a great congestion of population. 

Among the food crops, corn excels in yield of energy, producing 
3,124.2 therms per acre. Wheat,, rice, and oats fall far below corn 
in the economy with which they furnish both protein and energy. 
Though ranking relatively low as a producer of energy, soybeans lead 
all the crops in yield of protein per acre. 

In comparing the yields of the various classes of livestock and 
in studying the returns from the food crops consumed directly as human 
food and the returns from farm animals, the following facts should 
be borne in mind: Beef cattle and sheep can be maintained largely, 
except for the fattening period, on cheap roughages. They can even 
utilize considerable of such feeds as com stover, straw, stubble-field 
pasturage, etc., much of which would otherwise be wasted. Though 
dairy cows require a liberal amount of concentrates for high produc- 
tion, they can dispose of much roughage, even some of relatively low 
value. The farm flock of poultry can secure much of its feed from 
kitchen scraps, insects, and farm waste in general. 

Furthermore, in studying data of this character one must have 
in mind the relative expense for labor and other items with the various 
classes of stock. For instance, more labor is required for each dollar’s 
worth of product in the case of dairy cattle than with beef cattle, 
sheep, or swine. The.se estimates present but one side of a most 
complicated economic question, as they show merely the relative effi- 
ciency with which the various animals and the various food crops utilize 
land in the production of human food. 

In this connection the fact that the colored laborers in the cotton 
fields of the South live largely on corn meal and pork products is of 
interest. By the force of circumstances they have been driven in 
their struggle for existence to live mainly on the crop producing the 
largest amount of human food per acre — Indian com, the king of the 
cereals — and for the sake of variety in their food and an additional 
supply of protein, the most efficient meat-producing animal of the 
farm — ^the pig. Undoubtedly, better nutrition and an even more eco- 
nomical diet would result if they made greater use of milk. 

QUESTIONS 

1. Discuss the importance of thrifty growth for farm animals. 

2. Compare the food requirements for growth and maintenance, considering: (a) 

Amount of total digestible nutrients; (b) amount and quality of protein; (c) 

minerals; (d) vitamins. 

3. Discuss the utilization of feed by young animals. 

4. Why do young animals make cheaper gains than older ones? 

5. Why is milk such an excellent food for young animals? 

6. What deficiencies does milk have as an exclusive food over long periods? 

7. Discuss the use of rich versus poor milk for young animals. 

8. Why is it important that new-born animals receive the colostrum? 

9. Discuss the requirements of growing animals for the following (a) Protein; 

(b) minerals; (c) vitamins; (d) total digestible nutrients or net energy. 

10. What are the effects of restricting the feed of growing animals? 

11. Of what practical importance are the results of the experiments in which growing 

animals have been fed scanty rations for a time? 
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12. Discuss the nutrieut requirements of pregnant animals. 

13. What is the object of fattening meat-producing animals? 

14. Discuss the composition of the gains during the various parts of the fattening 

period. 

15. Why is it generally uneconomical to carry an animal to a greater degree of 

fatness than necessary to meet the market demands ? 

16. From what nutrients may body fat be formed ? Prom what source is most of it 

usually made by farm animals? 

17. Discuss the effect of food fat upon body fat in swine and in ruminants. 

18. Discuss the requirements of fattening animals for the following: (a) Total 

digestible nutrients or net energy; (b) protein; (c) minerals; (d) vitamins. 

19. What factors, other than the ration, influence the rapidity and economy of gains 

during fattening? 

20. Discuss the effects of feeding young pigs such a ration as corn alone. 

21. How may the soil of a region influence the size of a breed of livestock developed 

there ? 

22. Discuss the relative economy with which various farm animals produce humau 

food. 
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CHAPTER VIII 

PRODUCTION OP MILK, 'WORK, AND WOOL 
I. Production op Milk 

232. Secretion of milk. — Milk, the marvelous fluid designed for 
the nourishment of the young of all mammals, is secreted by the special 
organs called mammary glands.^ The fully-developed mammary gland 
consists of a multitude of small, sac-like secreting bodies (called alveoli) 
and the duct system into which the milk is poured. The alveoli are 
grouped into clusters, somewhat like bunches of grapes. The alveoli 
may be compared to the grapes and the small ducts to the stems in 
the bunch of grapes. 

The smallest ducts, into which the alveoli secrete the milk, unite 
to form large ones. The ducts are not uniform in size throughout 
their length but are greatly enlarged in places, to provide greater 
storage capacity for the milk as it is secreted. In some animals the 
large milk ducts open directly on the surface of the teat, but in other 
animals, including the cow, they open into a small cavity, called the 
milk cistern, which is just above the teat. 

Our information is still incomplete concerning the exact process 
by which milk is produced in the alveoli, which form the secreting 
tissue of the udder. However, we do know that the blood, laden with 
nutrients, is brought by the capillaries of the udder to the alveoli. 
The nutrients then pass through the walls of the capillaries into the 
lymph and thence enter the cells of the alveoli. Here, by one of 
nature’s wonderful processes they are converted into milk, which dif- 
fers greatly in composition from the blood whence it is made. 

Casein, the chief protein of milk, is unlike all other proteins of 
the body, and the milk fat also has entirely different properties than 
the body fat of the same animal. Lactose, or milk sugar, the carbo- 
hydrate of milk, is found nowhere else in the body. While the blood 
contains more sodium than potassium, potassium predominates in milk. 

The opinions of scientists have differed concerning the method by 
which the milk, as secreted, passes from the cells of the alveoli into 
the ducts. Some believe that the milk constituents pass through the 
intact cell wall, while others conclude that the cell wall ruptures to 
let the milk constituents, especially the fat globules, pass out. 

In considering the food requirements for milk production it should 
be borne in mind that the mammary gland does not receive a particular 
kind of blood suited to its special needs. It receives the very same 
kind of blood that flows to the other body tissues, and therefore it 
must compete with the other organs for its supply of nutrients. Recent 
investigations have proved, as would be expected, that, as the blood 
flows through the udder, the content in the blood of amino acids, 
glucose, and fats is appreciably decreased. 
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233. When is milk secreted? — It was formerly believed that the 
greater part of the milk secured at any one milking was secreted during 
the milking process. Recent investigations have shown definitely, how- 
ever, that the secretion is a continuous process and that most of the 
milk obtained at a milking is already present in the udder when 
milking begins. 

The rate of secretion is probably most rapid for a time after milk- 
ing is completed, for there is then little or no pressure in the udder.^. 
As the milk gradually accumulates in the> milk ducts before the time 
of the next milking, it is believed that the rate of secretion tends to 
slow up somewhat, due to the increasing pressure. Also, the pressure 
may tend to hold the fat globules back in the cell, the milk then 
secreted being lower in fat. 

In some experiments to determine when milk is secreted, cows 
have been slaughtered immediately before the usual milking time. Their 
udders have then been removed, kept at body temperature, and milked 
out thoroughly in the usual manner. In experiments by Swett and 
associates of the United States Department of Agriculture an average 
of 70 per cent as much milk was secured from the udders that had 
thus been removed, as the cows had yielded previously at a milking.^ 
This milk was, however, much lower in fat than normal. 

Other investigations likewise show that most of the milk has already 
been formed in the udder when milking starts.^ In some of these 
studies cows have been slaughtered just before the usual milking time 
and their udders analyzed for lactose. Even more lactose has been 
found in the udder than would be contained in the milk yielded at 
one milking. This was due toi the fact that even after thorough 
milking some milk still remains in the smaller ducts of the udder. 

234, “Letting down” and “holding up” of milk. — The secretion 
of milk is involuntary and cannot be prevented by the animal, any 
more than can breathing or the circulation of the blood. The yield 
may, however, be reduced considerably through nervousness caused by 
fright or unusual conditions. 

Any experienced milker has learned that when he begins to milk 
a cow, a small quantity of milk can readily be obtained at the start. 
Then there may be a short period when it is more difficult to get the 
milk. If the cow responds to the milking process, soon there is a 
great inflow of milk into the milk cistern, and we say that the cow 
has “let down” her milk. If the cow is nervous or disturbed she may 
refuse to “let down” her milk, and sometimes she will “hold up” 
her milk, even after milking has been proceeding satisfactorily. 

From experiments in which the pressure in the udder of cows 
was determined at various times. Turner of the Missouri Station ex- 
plains these well-known occurrences as follows;® He believes that the 
“letting down” of the milk by the cow is due to the contraction of 
muscle fibers throughout the udder. This causes an internal squeezing 
actiem upon all the milk storage spaces, including the ducts and the 
alveoli. This forces the milk downward into the milk cistern and teats. 

If the cow becomes excited, a relaxation of the udder tissues may 
occur, making it difficult or impossible for the milker to secure the 
normal amount of milk, and he says the cow has “held up” her milk. 




1. Longitudinal Rection Tifur One Ride of Udder and Teats of 

Uow 

The narrow duet at the end of the teat, or the teat canal, may he seen, also the 
cavity in the teat , and the milk cis((*rn. Alt ho there is no septum, or visible division, 
between the fore and hind quarters, no communication exists between the milk 
ducts in the two quarters. In this sc'ction the tissue of th(i fore quarter is colored 
slightly lighter than tnat of the hind (juarter. 

2. Horizontal Rection of the Foru Qi akpers of the Cow's 

Udder 

TTie septum, or division, between the right and left halves of the udder is eUairly 
visible. Note the size and distribution of the milk ducts. 

T. Milk Cistern and Milk Ducts of a Fore Quarter of Udder 

A metallic cast of the milk cistern and the larger milk ducts of one of the fore 
(juarters. 

4. Cross-section of an Alveolus Before Milking 

The al veoli are small sac-like bodies, lined with secret ing cells. The droplets of fat , 
indicated in the figure by the light-colored spots in the cells, are discharged into the 
cavity of the alveolus thru the cell walls when milk is secreted. 

5. Cross-section of an Alveolus After Milking 

This should be contrasted with Figure 4, as it shows the appearance of the cells 
of the alveolus following secretion. Note that the cells have lost their fat droplets 
and their fluid to a large degree. (Reproduced from charts by Rubeli, Berne, 
Switzerland.) 




6. Blood Vessels of the Udder of the Cow 

In this drawing both the artcri(‘S and tho voins am shown. From tiic lower 
left-hand portion of the udder only the skin has Ixuai removed. In the portion above 
this and in all of the n>ar quarter the blood vessels and the secretory tissue of the 
udder have been exposed. Note the network of blood vessels in the teats. 

7. Cross-section Near the End of a Cow’s Teat 

The triangular figure in the center is the narrow duct, or teat canal, at the end of 
the teat. 

8. Cross-section of the Upper Part of a Cow’s Teat Between 
Times of MilkinCx 

The round figures indicate the blood vessels and the irregular, slit-like figure at 
the center, the contracted cavity of the teat. Note the large size of the blood 
ve.ssels and the small size of the teat cavity. 

9. Cross-section at the Same Point During Milking 

Note that the teat cavity is distended, while the blood vessels are contracted and 
carry relatively little blood. (From charts by Rubeli, Berne, Switzerland.) 
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Probably what has occurred is that she has failed to co-operate and 
force down’^ the milk. 

The largest yield of milk is usually obtained when the milker 
milks a cow rapidly, as soon as she has let the milk down. This is 
probably because the contraction of the muscular tissues will not con- 
tinue for a very long period, and when the udder has relaxed, the 
milk cannot be drawn out as completely. 

These recent studies provide an interesting explanation for the 
well-known fact that regularity in feeding and stable management is 
necessary to secure the largest yields from good cows. Also, the kind 
milker who gains the confidence of cows secures more milk from them 
than a rough or indifferent person. 

236. The development of the mammary gland.^ — In a yoimg 
female before sexual maturity the mammary glands are but slightly 
developed. For example, in the case of dairy calves, the milk ducts 
leading out from the milk cistern are small and short, with but few 
branches. After sexual maturity is reached and the animal comes in 
heat, the duct system begins to grow and branch out into the fatty 
pad of tissue which at that time composes most of the udder. This 
growth is caused by a hormone which is secreted in the ovaries and 
carried in the blood to the udder. This hormone, usually called theelin 
or estrin, is the same hormone that is responsible for the heat period 
in females. With each successive heat period, further growth of the 
duct system occurs. 

If the animal does not become pregnant, the duct system becomes 
fairly extensive, but there is not much development of the true secret- 
ing tissues, the groups of alveoli. When pregnancy occurs, a further 
growth takes place in the duct system, and also the secreting tissues 
develop rapidly. This is caused by theelin and also by a hormone 
secreted by the corpus luteum, or “yellow body,^^ in the ovary of the 
pregnant animal. This hormone is called by various scientists progestin, 
corporin, or lutein. 

At about the middle of the pregnancy period the growth of the 
glandular tissue has been largely completed. The cells of the alveoli 
then begin to secrete a fluid that resembles colostrum, which is the 
first milk yielded by the mother after the birth of the young. The 
beginning of secretion is brought about, not by either of the two 
hormones that have been mentioned, but by a hormone called galactin 
or prolactin, which is secreted by the forward, or anterior, part of the 
pituitary gland. (63) 

Because of the rapid enlargement of the udder during the latter 
part of pregnancy, it has been commonly thought that the greatest 
growth in the gland takes place at that time. However, the opposite 
is true. The increase in size is chiefly due, not to a growth in the 
glandular tissue, but to the accumulation in the duct system and 
alveoli of the secretion. This colostrum is not commonly removed until 
the young are bom and begin suckling. 

The function of the colostrum in protecting the new-born against 
disease has been explained in the previous chapter. (210) 

When the milk yield decreases during the latter part of the lacta- 
tion period and the animal finally “goes dry,’' the alveoli disappear 



164 


FEEDS AND FEEDING 


to a considerable extent, leaving only the cistern and duct system. 
Then the alveoli are rebuilt during the first half of the next pregnancy 
period. 

Since, the development of the udder tissues and the secretion of 
milk are controlled by hormones, it has seemed possible that the yield 
of milk might be increased by the injection of hormone extracts into 
the blood. It has been possible by such injections to cause the secretion 
of milk in non-pregnant females or even in those that had been spayed. 
Injecting thyroxine extract or feeding dried thyroid gland generally 
increases the milk production of good cows, especially at the period in. 
lactation when the yield is normally declining.^ 

Young heifers often develop the habit of sucking each other, and 
this manipulation of the udder will sometimes start the secretion of 
milk, even in the unbred animal. In one instance at the Wisconsin 
Station a barren heifer produced over 5,000 lbs. of milk in 630 days^ 
the maximum daily yield being 18.7 lbs.® 

Such a milk flow is, however, much less than the animal would 
produce following pregnancy and the birth of young. 

236. Nutrients required for milk production. — In the discussion 
of the composition of milk, which has been given in the preceding 
chapter, it was emphasized that milk is especially rich in protein of 
high quality and also in calcium and phosphorus. The ration of a 
lactating animal must therefore supply adequate amounts of these 
nutrients in order to make possible a satisfactory yield of milk. The 
large requirements of protein, calcium, and phosphorus for milk pro- 
duction are in strong contrast to the relatively small amounts needed 
by an animal that is being fattened, or one that is merely being 
maintained without yielding any product. 

Milk is also rich in fat and in lactose, or milk sugar. The ration 
of an animal in milk must therefore supply liberal amounts of total 
digestible nutrients or of net energy. In this respect a ration for 
heavy milk production is similar to a ration for an animal that is 
being fattened rapidly or for a horse at hard work. 

It has been shown in Chapter VI that the ration must contain 
an abundance of vitamin A to enable an animal to produce milk having 
the normal richness in this vitamin. There must also be a liberal 
supply of vitamin D to make possible the assimilation and use of the 
large amounts of calcium and phosphorus required in milk production. 

It should be self-evident that the quantities of the various nutrients 
required by any particular milking animal will depend primarily on 
the amount of milk that is actually being produced. Thus, a cow 
yielding 60 lbs. of milk a day will require twice as great a supply of 
nutrients, above her maintenance requirements, as will a cow producing 
only 30 lbs. of milk of the same richness. This simple fact is disre- 
garded by far too many dairymen, who allow the net returns from 
their herds to be seriously reduced because they do not feed the indi- 
vidual cows in proportion to their actual productions. This important 
question is discussed in detail in Chapter XXIV. 

The heavy nutrient requirements for milk production are evident, 
if we compute the total amounts of nutrients produced by a good cow 
in a year. A cow that yields annually 8,000 lbs. of milk containing 



PRODUCTION OF MILK, WORK, AND WOOL 16& 

3.5 per cent fat will produce in her milk about 270 lbs. protein, 280 
lbs. fat, 390 lbs. lactose, and 55 lbs. mineral matter. This milk will 
have a total energy value of about 2,600 therms. In comparison with 
these figures, the entire body of a fat 2-year-old steer weighing 1,200 
lbs. will contain about 190 lbs. protein, 390 lbs. fat, 45 lbs. minerals, 
and only an insignificant amount of sugar. The body of the steer will 
have a total energy value of about 2,275 therms. 

Thus, each year such a cow yields a much greater quantity of 
protein and somewhat more energy and minerals than have been built 
into the body of the steer during its entire life. As has been shown 
in the previous chapter, the cow will also have built into the body 
of her calf during pregnancy nutrients which are equivalent to those 
in 400 lbs. or more of milk. (217) 

237. Protein requirements. — The investigations on the protein 
requirements for milk production by farm animals have been chiefly' 
with dairy cows. These investigations are reviewed in some detail in 
Chapter XXIV. 

Satisfactory milk production is secured when cows receive in their 
feed, in addition to the amounts of protein that they need for main- 
tenance, only 1.25 times as much digestible protein of a suitable 
quality as is actually contained in their milk. A supply that is some- 
what more liberal than this allowance may, however, increase the yield 
of milk, as is pointed out in Chapter XXIV. 

The great economy of the dairy cow in converting the protein of 
her feed into the high-quality protein of milk is evident from the 
fact that she needs, in addition to her maintenance requirements, only 
1.25 lbs. of digestible protein in her food for each pound of protein 
in the milk. In the economy with which she converts the protein 
of feeding stuffs into protein of the highest nutritive value, the 
dairy cow far excels the other farm animals, as has been emphasized 
previously. (231) 

The importance of supplying milking animals with proteins of 
suitable quality has been treated in the preceding chapter. Specific 
information on the protein requirements of dairy cows is presented 
in Chapter XXIV, and the protein needs of other stock when suckling 
their young are likewise discussed in Part III. The feeding standards 
presented in Appendix Table III show the amounts of digestible protein 
advised by the author for the various classes of milking animals. 

238. Pat requirements. — At one time it was believed that an 
animal producing milk could form the milk fat only from the fat 
in her feed. That other nutrients could also serve as the source of 
milk fat was proved many years ago by Jordan and associates at the 
New York (Geneva) Station.^ 

For over 3 months a cow was fed on hay, com meal, and oats, 
from which the fat had been extracted by naphtha, as is done in one 
method of extracting the oil from flax seed. During this time the 
cow received only 5.7 lbs. digestible fat in her feed, but yielded 62.9 
lbs. of fat in her milk. She was fatter at the end of the trial than 
at the beginning and so could not have converted her body fat inte 
milk fat. From the amount of digestible protein in her feed, it was 
computed that not over 17 lbs. of the milk fat could possibly have 



166 


FEEDS AND FEEDING 


come from the food protein. Thus, the larger part of the fat must 
have been formed from the carbohydrates of the feed. 

Later investigations, especially experiments by Maynard, McCay, 
and associates at the New York (Cornell) Station, have shown that 
lactating animals can apparently make most of the milk fat more 
readily from the fat digested from their feed than they can from 
carbohydrates or protein.^® As a consequence, if the amount of digesti- 
ble fat in the ration is too small, the milk yield will be decreased 
considerably. 

In these experiments, which are reviewed in greater detail in 
Chapter XXIV, it was found that the milk and fat yields of high- 
producing cows receiving the usual type of roughage were reduced 
appreciably unless the concentrate mixture that they were fed con- 
tained at least 4 per cent total fat. 

When the concentrate mixture was richer than this in fat, con- 
taining 6 or 7 per cent fat, there was a tendency for the production 
of milk and fat to be increased very slightly. It was concluded, 
however, that the difference was not si^ciently marked to be of prac- 
tical importance. When a concentrate mixture containing 4 per cent 
fat was fed with com silage and mixed clover and grass hay for 
roughage, the ration supplied about 70 per cent as much fat as there 
was in the milk. Somewhat more than 30 per cent of the milk fat 
was therefore made from other nutrients in the ration, for part of 
the so-called ‘^fat’’ in feeds consists of other substances than true 
fats. (12) 

When a low-fat ration was fed to dairy cows in these experiments, 
the percentage of fat in the milk was not appreciably affected, but 
the total yield of fat was decreased, due to the fall in milk yield. 
However, in the case of milk goats a ration very low in fat decreased 
the percentage of fat in the milk. 

There is probably no deficiency of fat for efficient milk production 
in the rations commonly fed beef cows, brood mares, ewes of the 
common breeds, and brood sows. This is because their milk yield is 
relatively low in comparison with that of good dairy cows or milk 
goats. In feeding these last two classes of stock, due care should be 
taken that the ration furnishes at least the minimum amount of fat 
necessary for high production. 

239. Mineral and vitamin requirements. — The mineral and vita- 
min requirements of farm animals have been discussed at some length 
in the preceding chapter. The importance was there emphasized of 
supplying sufficient calcium, phosphorus, vitamin A, and vitamin D to 
make possible a high yield of milk, without injury to the animal. 

The mineral and vitamin requirements for milk production by the 
various classes of stock are considered further in Part III, and the 
influence of the vitamin supply in the ration upon the vitamin content 
of the milk is discussed later in this chapter. 

240. Total digestible nutrient or net ener^ requirements. — The 
importance of' rapid growth in young farm animals has been empha- 
sized in the preceding chapter. To produce such growth in young 
mammals it is essential that the mother be so fed that her milk yield 
will be ample. 
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Many do not realize that the requirements during milk production 
for total digestible nutrients and also for protein, minerals, and vita- 
mins are far greater than the requirements during pregnancy. On 
account of her strong impulse to secrete an ample amount of milk for 
her young, the mother will draw heavily on her body during the first 
part of lactation, if her food supply is insufficient. However, a good 
flow of milk cannot long be maintained unless the ration is fully 
adequate in nutrients. 

For efficient milk production, dairy cows, beef cows, brood mares, 
and breeding ewes should, first of all, receive a liberal supply of 
good-quality roughage. This will not only furnish total digestible 
nutrients and net energy, but it is also important in providing minerals 
and vitamins. In addition to roughage, these animals should receive 
whatever amounts' of concentrates are necessary to maintain a satis- 
factory flow of milk. Brood sows must get most of their nutrients for 
milk production from concentrates. 

The amount of concentrates required for any class of stock will 
depend on the quality of the roughage they receive and on the amount 
of milk they are yielding. Thus, beef cows nursing calves need no 
grain in addition to good pasture, while high-producing dairy cows 
cannot secure enough nutrients from pasture alone, unless it is most 
excellent. 

Specific information is given in the respective chapters of Part 
III on rations suitable for the various classes of lactating animals. 
The amounts of total digestible nutrients and of net energy recom- 
mended by the author for various classes of milking animals are stated 
in Appendix Table III. 

241. Effect of various factors upon the composition of milk. — > 

The effects of various factors upon the yield and composition of milk 
have been studied chiefly in experiments with dairy cows. These fac- 
tors are therefore discussed in detail in Chapter XXIV. 

In general, there is a strong tendency for a lactating animal to 
produce milk of normal composition under widely varying conditions. 
Any inadequacy in the ration or fault in the methods of care and 
management will generally manifest itself by a reduction in the yield 
of milk, rather than by a change in its chemical composition. However, 
certain factors have an effect on the fat percentage. Also, a continued 
lack of vitamin A will result in the milk being very deficient in this 
vitamin. 

242. Effect of protein, fat, and sugar. — Cows that were fed ra- 
tions unusually low in protein at the Ohio Station yielded milk that 
did not differ in any important respect from that produced by cows 
fed rations rich in protein.^^ Calves and also laboratory test animals 
made equally good growth on both kinds of milk. The only significant 
difference was that the milk from the high-protein feeding contained 
more of the non-protein nitrogenous compounds, including urea, which 
are found in traces in milk. Also this milk was slightly higher in the 
vitamin B complex. (196) 

If the ration of a dairy cow does not contain a certain minimum 
amount of fat, the yield of milk will be reduced, as has already been 
shown in this chapter. The percentage of fat in the milk is not, how- 
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ever, reduced in the case of cows, but may be with goats. The experi- 
ments reviewed in Chapter XXIV show that the richness of the milk 
may be considerably increased for a few days by adding fat or fat-rich 
feeds to the ration. The fat content, however, tends to fall back to 
normal later, even though the feeding of fat is continued. Certain 
feeds, especially coconut meal and palm kernel meal, may cause a very 
slight increase in the fat content of the milk over a longer period. 
Cod-liver oil and certain other fish oils decrease the percentage of fat 
in the milk of cows. 

When fed in considerable amounts, feeds that are rich in fat may 
have a decided effect on the character of the fat in milk, just as they 
do upon the body fat produced by swine. (222) Thus, soybeans and 
peanuts tend to produce soft butter, while cottonseed meal and coconut 
oil meal make hard butter with a high melting point. 

The percentage of lactose in milk cannot be changed by any ordi- 
nary method. In a Kansas test it was increased somewhat when a 
glucose solution was pumped into the stomachs of cows.^^ On the 
other hand, in. a Minnesota trial there was no change in the lactose 
content of the milk when a solution of glucose or lactose was injected 
into the blood.^® When the glucose content of the blood was decreased 
abnormally by the injection of the hormone, insulin, the lactose per- 
centage was reduced. 

243. Effect of feed on mineral content of milk. — The mineral 
content of milk is not affected to any appreciable extent by the amounts 
of minerals in the ration, except in the case of iodine. A ration 
deficient in phosphorus or calcium will reduce milk production and 
may cause injury to the milking animal.^^ However, the milk that is 
produced will contain about the normal percentages of phosphorus 
and calcium. 

As has been stated before, milk is low in iron and copper. (174) 
Experiments have shown that it is apparently impossible to increase 
the percentage of these minerals in milk by increasing the supply in 
the feed.^® Likewise, increasing the manganese content of a ration 
does not appreciably increase the manganese content of the milk.^® 

Cow^s milk normally contains only traces of iodine, the content 
ranging from less than 9 up to 40 parts per billion. By adding 
potassium iodide or* some other source of iodine to the ration, the 
iodine content of the milk can usually be increased several-fold. How- 
ever, the cow is very inefficient in transferring this expensive mineral 
constituent into her milk.^^ Only 3.5 to 29.0 per cent of the iodine 
supplied in the feed has been recovered in the milk when it has been 
added to the rations of dairy cows. Also, the feeding of iodine may 
lower the percentage and yield of milk fat. 

It has been advocated by a few that iodine should be added to 
the rations of dairy cows so that their milk might be used as a goiter 
preventative for humans in iodine-deficient districts. The production 
of such iodized^' milk seems inadvisable and unnecessary. The use 
by humans of iodized salt as insurance against goiter is much cheaper, 
and the dosage of iodine in this form can be much more easily 
Standardized. 

In spite of claims sometimes made to the contrary, it has not 
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“been proved in controlled experiments that the addition of iodine to 
the rations of dairy cows is of any appreciable benefit to them in 
sections where there is no deficiency of iodine in the soil and water. 
(172) 

244. Effect of feed on vitamin content of milk. — The effect of 
the ration upon the vitamin content of milk has been considered in 
the previous chapter, in which the functions and the occurrence of the 
various vitamins have been discussed. 

While milk produced by an animal fed a suitable ration is rich in 
vitamin A, the amount of the vitamin will be low if the ration is 
deficient in this nutritive essential. This is an important matter, not 
only from the standpoint of the value of milk for humans, but also in 
rearing livestock. 

It has been explained in Chapter VI that the vitamin D content of 
milk is not high from cows fed any ordinary rations. However, the 
amount of this vitamin can be increased several-fold by feeding cows 
irradiated yeast or irradiated ergosterol, as has been mentioned in the 
previous chapter. (193) 

The vitamin B (thiamin) content of milk produced by cows on a 
normal ration cannot apparently be increased by the feeding of yeast 
or other feeds rich in the vitamin.'® The amount of vitamin 6 (ribo- 
flavin) in cows’ milk is somewhat higher when the ration includes a 
liberal supply of feeds such as green pasturage or green forage, rich in 
the vitamin.'®® Milk contains but little vitamin C, and it is apparently 
impossible to increase the vitamin C content of cows’ milk by the use 
of feeds rich in the vitamin.'*” Apparently cattle are able to synthe- 
size the vitamin in their bodies, for the milk from cows kept for 7 years 
at the Wisconsin Station on a vitamin-C-free ration still contained the 
vitamin.'® 


II. Production of Work 

246. The source of muscular ener^. — It has long been known 
that muscular exertion or work greatly increases the amount of nutri- 
ents oxidized in the body, but scientists have disagreed as to the exact 
source of the energy required for the muscular contractions.®® 

By painstaking experiments it was at length proved that all the 
organic nutrients may serve as sources of the energy for muscular 
work. Under normal conditions the carbohydrates and the fats of the 
food are first drawn upon, and little more or no more protein is broken 
down than during rest. Should the carbohydrates and fats of the 
food not furnish enough energy, the body fat is next used. Finally, 
as a last resort, the muscles or other protein tissues can be called 
upon, if the energy can be secured from no other source. Since the 
greater part of the food of farm animals consists of carbohydrates, 
most of the energy they expend in muscular activity undoubtedly comes 
from them. 

Many investigations have been conducted by physiologists and 
biochemists to determine whether there is any increase in the amount 
of protein broken dowm in the body during work, providing there pe 
abundant supplies of carbohydrates and fat. Opinions on this question 
still differ, but it is agreed, at least, that even during hard work 
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there is no material increase in the amount of protein used in the 
body, if the amounts of other nutrients are ample. 

For this reason, a mature animal needs during work but little 
more protein than is required for satisfactory maintenance at rest. 
The protein requirements for work therefore differ greatly from those 
for growth, for milk production, or for wool production. 

246. Production of muscular movements. — It is known definitely 
that the glycogen stored in the muscles while at rest is used up in 
muscular work. During work, increased amounts of oxygen are taken 
up from the blood, and the amount of carbon dioxide produced in the 
body is increased in proportion to the amount of work accomplished. 
Part of the energy contained in the nutrients used up in the muscular 
contractions is changed into the mechanical work produced, while part 
is set free as heat. 

While glycogen, or animal starch, is undoubtedly the chief source 
of the energy for work under usual conditions, the exact process that 
occurs is still in question. In a marvelous manner some compound or 
compound 3 stored in the muscular fibers are broken down suddenly 
to provide the* energy for the muscular contraction. A recent theory 
is that the compound which is chiefly broken down at the instant of 
contraction may not be glycogen or any derivative of it, but a com- 
pound called phosphagen, formed by the union of phosphoric acid and 
a nitrogenous substance called creatine. 

It is thought that this compound breaks down during contraction, 
and then, during the relaxation of the muscle which follows, the com- 
pound is again formed in the muscle fibers by a complicated process. 
It is believed that the energy required for this process comes from 
some substance formed from the glycogen in the muscle, perhaps lactic 
acid. 

The production of mechanical energy in the muscles is in a way 
similar to the production of power by a gasoline engine, where the 
fuel undergoes such a rapid breaking down that it becomes an explo- 
sion. In the gasoline engine and also in the muscle, part of the energy 
of the fuel is turned into useful work and part is set free as heat. 
This latter part yields no useful work. 

During rest, glycogen is stored in the muscles, forming from 0,5 
to 0.9 per cent of the weight of well-nourished muscle when resting. 
A smaller amount of glucose is also stored in the muscles. During 
muscular activity the stored glycogen is used up in proportion to the 
severity and duration of the work, and after prolonged hard work 
the supply may be entirely exhausted. 

Though the amounts of glycogen and glucose in the muscular 
tissues at any one time are small, a supply of glucose is being con- 
tinuously brought to them in the blood. This glucose is in part built 
up into glycogen in the muscle fibers. 

247. Nutrient requirements for work animals. — ^From the preced- 
ing 'discussion it is evident that the primary need in rations for work 
animals is a sufiicient supply of feeds rich in total digestible nutrients 
or net energy. The value of any particular feed for work production 
will depend strictly on the amount of net energy it yields. This is 
because the energy used up in the so-called work of digestion is all 



The Musculau System of the Horse 

The work lioiie yearly in this eountry by liorscs and mules is worth more 
thiin a billion dollars. (From hdlenbergor.) 



Left — Small Portion of Mammary Gi.and of Cow 

Small portion of gland, greatly magnified. A, alveoli, in which milk is 
secreted; b, small milk duct; c, larger milk duct. (After Klein.) 


Right — Wool Fibers 

Appearance of fibers, greatly magnified, after dirt and yolk have been re- 
moved. Left, fiber of Merino wool; right, fiber of Down wool. Note the 
overlapping scales covering the fibers. 







High-Producing Dairy Cows Also Require Much Net Energy 
M any people fail to realize that high-producing cows are expending as much 
energy in producing milk as horses at hard work expend in their labor. 
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converted into heat, and, as has been explained in Chapter III, is 
wasted so far as the production of work or the formation of body 
tissues is concerned. (86-87) 

The amounts of digestible nutrients or net energy that are required 
for any particular work animal will obviously depend on the amount 
of labor performed. Accordingly, the proportion of concentrates in 
the ration must be increased as the work becomes harder. For severe 
work, horses and mules must be fed a liberal amount of such concen- 
trates as the farm grains, and they can use only a limited amount of 
hay or other roughage. On the other hand, animals doing light work 
can be fed more largely on roughage. 

It has been explained previously in this chapter that little or no 
more protein is needed during work than when the animal is at rest. 
A mature work animal therefore needs but little more protein when 
at work than when idle. In experiments mentioned in Chapter XXI, 
work horses have been successfully fed rations in which the nutritive 
ratio was as wide as 1 :28.0. However, as has been stated in Chapter 
IV, the digestibility of a ration is usually decreased when the propor- 
tion of protein is too low. Also, it is believed that a supply of protein 
somewhat above the minimum requirements tends to give work animals 
better life and spirit. 

In recent New York experiments, which are also mentioned in 
Chapter XXI, rations having nutritive ratios of 1 :10.0 to 1 :11.0 have 
been as satisfactory over long periods as a ration with a nutritive ratio 
of 1:8.0 for farm horses doing medium to hard work. These and 
other investigations have been t^ken into consideration in the recom- 
mendations for work horses and mules which are presented in the 
Morrison feeding standards. (Appendix Table III.) 

The mature animal when at work does not need a much greater 
amount of minerals or vitamins than when merely being maintained 
at rest. However, since a long life of usefulness is important, it is 
wise to be sure that there is a plentiful supply of these nutrients in 
the ration. 

An immature work animal that has not yet completed its growth 
will obviously need somewhat more protein, more minerals, more vita- 
mins, and also more total digestible nutrients or net energy than a 
mature animal performing the same amount of labor. Likewise, the 
requirements of brood mares during pregnancy and especially during 
lactation arc increased by these functions. It is therefore important 
that the brood mare receive a ration containing ample protein, minerals, 
and vitamins, as is emphasized in Chapter XXIII. 

Detailed discussions of the nutrient requirements of horses and 
mules for various degrees of work are given in these later chapters. 
Typical rations which are adapted to various sections of the country 
are recommended in Appendix Table VII for idle animals and for 
those performing light, medium, and hard work. 

248. Efficiency of the animal as a machine. — Numerous experi- 
ments have shown that animals at moderate labor can convert into 
the actual work produced one-quarter to one-third of the energy they 
expend, after deducting the amounts they need for body maintenance. 
The rest takes the form of heat within the body, and is lost so far as 
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the production of work is concerned. These figures do not take into 
account the energy lost in the excreta, that expended for digestion 
and assimilation, or that used in maintaining the body when at rest. 

Allowing for all of these, a horse doing a full day’s work will 
turn about 9 per cent of the gross energy in the feed it eats during 
the 24 hours into actual useful external work, such as hauling a load. 
This does not count the energy expended in the work of moving his 
own body. It is shown in Chapter XXI, where the efficiency of the 
horse as a motor is discussed further, that this percentage is not far 
below that of the best farm tractors. 

The efficiency of the animal is especially striking when it is borne 
in mind that the tractor is supplied with purified fuel (kerosene or 
gasoline) while the horse must secure its energy from crude materials, 
including hay, of which only about half is actually digestible. Fur- 
thermore, he must digest this feed, and himself separate out the useful 
from the waste material. Also, he must make all body repairs. Last, 
but not least, he must maintain his body during the part of the 24 
hours that he is not working, while all expenditures of energy cease 
when the tractor stops work. 

249. Factors influencing energy required for work. — The amount 
of energy required to produce a given amount of useful work depends 
upon many factors. Practice in doing a certain kind of work lessens 
the amount of energy expended. In one instance, training for two 
weeks decreased by over 20 per cent the energy used by a man climbing 
a tower.2^ 

On the other hand, fatigue greatly increases the energy required 
to do a task. This is largely due to the fact that with increasing 
fatigue the muscles normally used, and which are thus most efficient 
in performing the given work, are put out of use. Then other less 
efficient muscles are called upon to a constantly increasing degree, and 
these cannot perform the work so economically. 

Increasing the speed at which the work is done also lessens the 
efficiency with which it is performed. This is because the work of 
the heart is increased, the body temperature rises, and much heat is 
lost by the evaporation of water through the skin and lungs. This 
decreases the amount of work that a given quantity of feed will pro- 
duce. Furthermore, when a horse trots or gallops, the rise and fall 
of the body is much greater than in walking, and therefore it has 
available for onward movement a smaller part of the total energy that 
is expended. 

The part of the expended energy which is converted into useful 
work varies with the build of the animal, the development of its 
muscles, and the structure of its limbs. For example, a lame horse 
may use nearly twice as much energy in traveling a certain distance 
as one with sound legs. An animal which is able to perform one kind 
of work most economically may have to expend undue energy at other 
kinds* of work. Thus, horses bred for generations to the saddle can 
carry the rider with a smaller expenditure of energy than those whose 
breeding and form specially fit them for draft purposes. 

Additional discussions of the factors influencing the production 
of work, as applied to horses, are given in Chapter XXI. 
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III. Wool Production 

260. Oomposition of wool. — ^Wool is made up of pure wool fiber 
and yolk, the latter including the suint and the wool fat. The wool 
fiber is practically pure protein, and it is of the same chemical com- 
position as ordinary hair, but it differs in being covered with minute 
overlapping scales. 

The suint, chiefly composed of compounds of potassium with or- 
ganic acids, comprises from 15 to over 50 per cent of the unwashed 
fleece, being especially high in the Merino breed. As suint is soluble 
in water, most of it is removed by washing the unshorn sheep or the 
fleece, and less is present in the wool of sheep exposed to the weather. 
Wool fat, or lanolin, is really a wax and not a true fat. (12) It is 
often incorrectly called yolk. The wool fat is insoluble in water and 
may form 8 to 30 per cent of the weight of a washed fleece. 

251. Requirements for wool production. — Owing to the large 
amount of protein stored by sheep in the fleeces, their rations should 
contain somewhat more protein than rations for cattle or swine at the 
same stage of maturity. This is taken into consideration in the feeding 
standards for the different classes of animals. (See Appendix Table 
III.) With ewes which are pregnant or suckling lambs, there is a 
double demand for food protein, which makes a liberal supply especially 
advisable. 

The mohair produced by Angora goats has the same general chem- 
ical composition as wool fiber, though differing in structure. Therefore 
the nutrient requirements of these goats are similar to the require- 
ments of sheep. The requirements of milk goats, on the other hand, 
are similar to those of dairy cows. 

Adverse conditions, such as sickness, undue exposure, or a decided 
lack of feed, will decrease the yield of wool, will produce smaller and 
weaker fibers, and will sometimes cause weak spots in the fibers. Unless 
the undernutrition is severe, the amount of yolk (wool fat plus suint) 
will be decreased more than the yield of scoured wool (gross weight 
of fleece minus the suint, wool fat, and dirt).^^ 

In a California trial sheep produced more than three times as 
much scoured wool when fed a liberal fattening ration for 6 months 
as when poor-quality alfalfa hay was fed in amounts not quite sufficient 
to maintain their weights.^® The wool fibers were only half as strong 
on the sub-maintenance ration, and they were seriously lacking in 
crimp. In a Nebraska trial lambs fed a liberal ration for about a 
year produced more than twice as much scoured wool as others given 
slightly less than a maintenance ration.^* The wool fibers produced 
on the scanty ration were shorter and much smaller in diameter. 

Exposure and insufficient feed, such as ewes are often subjected 
to under range conditions during the winter, will considerably reduce 
the yield of scoured wool, in comparison with the yield under better 
conditions of feeding and shelter.^® A Louisiana experiment indicates 
that underfeeding of sheep may even cause shedding of the wool, 
which sometimes occurs in sheep even when not infected with scab.*® 

If lambs are fed so that they make rapid gains, they will have 
larger bodies at a given age and be more mature than if fed somewhat 
less liberally. They will consequently shear heavier fleeces. 
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In most of the tests that have been reported, ewes have had heavier 
fleeces at 2 to 3 years of age than as yearlings, but in some trials the 
yearlings have shorn the most wool.^^ After 3 to 4 years the fleece 
weight gradually declines with increasing age. The diameter of the 
wool Ambers, at least in Bambouillet sheep, remains relatively constant 
throughout the useful life of the sheep. 

QUESTIONS 

1. Describe the structure of the udder, and tell what is known about the manner 

in which milk is secreted. 

2. When is milk secreted? 

3. Give an explanation of the way in which cows “hold up” and “let down” their 

milk. 

4. Describe the development of the mammary gland after the animal reaches sexual 

maturity; after pregnancy occurs. 

5. Compare the nutrient requirements of a lactating animal with the requirements 

for maintaining a mature animal. Consider protein, minerals, vitamins, and 
total digestible nutrients or net energy in your discussion. 

6. Discuss the protein requirements for milk production. About how much digestible 

protein does a dairy cow require in her feed, in addition to the maintenance 
requirement, for each pound of protein she produces in her milk? 

7. Discuss in detail the fat requirements for milk production. What is the minimum 

amount of fat that a concentrate mixture for dairy cows should contain? 

8. Discuss the mineral and vitamin requirements for milk production. 

9. Discuss the requirements of total digestible nutrients or net energy for milk 

production. 

10. In what manner can the composition of milk be changed by the feed the animal 

receives? Consider; (a) Protein; (b) amount and character of fat; (c) min- 
erals; (d) milk sugar; (e) vitamins. 

11. What is your opinion concerning the production of “iodized” milk? 

12. From what food nutrients can muscular energy be produced? 

13. Describe some of the chief processes that occur in the production of muscular 

movements. 

14. Compare the requirements for a work animal with those for maintaining the 

eame animal when idle, considering (a) total digestible nutrients or net energy ; 
(b) protein; (c) minerals and vitamins. 

15. Discuss the efficiency of the animal as a machine for the production of work. 

16. WTiat are the effects of fatigue, speed, lameness, and build of the animal on the 

economy with which work is produced? 

17. Of what is wool composed? 

18. Discuss the food requirements for wool production, and state what effects unfav- 

orable feed or conditions may have upon wool. 
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CHAPTER IX 

BALANCED RATIONS— FEEDING STANDARDS 
I. Balanced Rations 

252. Purpose of feeding standards. — To guide farmers in select- 
ing properly balanced rations for their livestock, scientists have pre- 
pared feeding standards. These are tables stating the amounts of 
nutrients which, it is believed, should be provided in rations for farm 
animals of the various ages and classes in order to secure the best 
results. 

Before reviewing the history of feeding standards and comparing 
the recommendations made by various scientists, let us compute a 
ration, balanced according to the recommendations of a feeding stand- 
ard, to show h(5w these aids in stock feeding are used. 

253. A balanced ration for a dairy heifer. — A dairy farmer wishes 
to compute a balanced winter ration for a dairy heifer weighing 400 
lbs., which is no longer being fed milk. He has available plenty of 
good red clover hay, com grain (No. 2 grade), and oat grain. A 
study of the practical recommendations in Chapter XXVIII for feeding 
dairy heifers shows that these feeds, in proper combination, are excellent 
for this purpose. 

The next step is to find the amounts of nutrients recommended 
for heifers of this age in an up-to-date feeding standard. By turning 
to Appendix Table III, which presents the complete Morrison feeding 
standards, we find that the requirements of a 400-lb. dairy heifer per 
head daily, according to these standards, are as follows: Dry matter, 
9.0 to 10.0 lbs.; digestible protein, 0.80 to 0.90 lb.; total digestible 
nutrients, 6.1 to 6.6 lbs. ; and nutritive ratio, 1 :6.5 to 1 :7.0. 

These recommendations mean that a heifer of this size has a 
digestive tract that is sufficiently large for her to consume 9.0 to 10.0 
lbs. of dry matter a day in her feed, and that her ration should 

supply 0.80 to 0.90 lb. of digestible protein and 6.1 to 6.6 lbs. of 

total digestible nutrients. To be balanced properly, the ration should 
have a nutritive ratio between 1 :6.5 and 1 :7.0. In other words, there 

should be in the ration 1 lb. of digestible protein to each 6.5 to 7.0 lbs. 

of other digestible nutrients (including fat multiplied by 2.25). (73) 

A range is indicated in the recommendations of the Morrison 
standards in recognition of the fact that feeding standards can only 
be approximate guides. They are thus very different from the exact 
figures in the multiplication table. As has been pointed out in the 
previous chapters, individual lots of the same kind of feed may differ 
very appreciably in chemical composition and in feeding value. Also, 
individual animals differ in ability to digest and use feeds. (105-109) 

In general, a ration made up of suitable feeds will be satisfactory, 
if the amounts of dry matter and of digestible nutrients fall within 
the limits set in the standard for that particular animal. 
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For those desiring to compute rations according to the net energy 
system, the standards also give recommendations of the amounts of 
net energy, expressed in therms, for the various classes of stock. In 
this discussion, we will consider only the working out of a ration which 
is balanced according to the recommendations for dry matter, digestible 
protein, total digestible nutrients, and nutritive ratio, as this is the 
method most commonly used in America. 

264. Computing the ration. — ^Before proceeding to compute a 
balanced ration, one should first write down in tabular form the re- 
quirements for the particular animal, as in the table on this page. 

Let us next see how nearly a ration of only clover hay would 
come to meeting the requirements for this heifer. Appendix Table I 
shows that red clover hay of average quality (Clover hay, red, all 
analyses) supplies 88.2 per cent of dry matter, 7.0 per cent of digestible 
protein, and 51.9 per cent of total digestible nutrients. According 
to the standard, the heifer should receive 6.1 to 6.6 lbs. of total digesti- 
ble nutrients a day. As we desire the heifer to make excellent growth, 
we will feed her a ration that will supply at least 6.5 lbs. of total 
digestible nutrients. 

Since each pound of hay furnishes 0.519 lb. of total digestible 
nutrients, the amount of hay needed to provide approximately this 
amount of total digestible nutrients can be found by dividing 6.5 
lbs. by 0.519 lb., which gives a result of 12.5 lbs. This amount of 
hay would furnish the amounts of dry matter and digestible nutrients 
shown in the table: 


First trial ration for 4004h. dairy heifer 



Dry 

Digestible 

Total 

Nutritive 


matter 

protein 

digestible 

nutrients 

ratio 


Lbs. 

Lb. 

Lbs. 

1: 

Requirements 

9.0-10,0 

0.80-0.90 

6.1-6.6 

6.5-7.0 

Red clover hay, 12.5 lbs 

11.03 

0.88 

6.49 

6.4 


This ration supplies sufficient digestible protein and total digesti- 
ble nutrients for the heifer, but it is too high in dry matter. This 
means that the ration is too bulky and that it is too low in digestible 
nutrients per pound of dry matter. In other words, the heifer will 
not be able to eat sufficient hay to meet fully her need for total 
digestible nutrients. To make the ration satisfactory it is therefore 
necessary to replace pai’t of the hay by grain or other concentrates. 

In the discussion of '‘Feeding heifers from 6 to 12 months of 
age’’ in Chapter XXVIII, it is stated, "The amount of concentrates 
required will depend on the quality of roughage fed. With good 
roughage 2 to 3 lbs. of concentrates per head daily should be enough, 
while with that of only fair quality 4 or 5 lbs. may be needed to keep 
the heifers gaining properly.” 

A mixture of equal parts, by weight, of com and oats is excellent 
for dairy heifers, when fed with plenty of legume hay. Therefore 
let us see if the requirements will be met fully if we use 3 lbs. of a 
mixture of one-half corn and one-half oats, and reduce the amount 
of hay so that the amount of total digestible nutrients will be approxi- 
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mately the same as before. This will make possible the reducing of 
the hay allowance to 8 lbs. a day. The ration will then provide the 
following : 

Balanced ration for dOOdb. dairy heifer 


Dry Digestible Total Nutritive 

matter protein digestible ratio 

nutrients 

Lbs. Lb. Lbs. 1 : 

Requirements 9.0-10.0 0.80-0.90 6.1-6.6 6.5-7 .0 


Red clover hay, 8 lbs 7.06 0.56 4.15 

Com, No. 2, 1.5 lbs 1.28 0.11 121 

Oats, 1.5 lbs 1.37 0.14 1.07 


Total 9.71 0.81 6.43 6.9 


This ration comes within the limits set in the standard in all 
particulars, and is therefore balanced. It will be noted that the amount 
of protein in the ration is but slightly above the minimum of the 
standard. Those who believe in supplying growing animals with an 
abundance’ of protein might therefore prefer to substitute a small 
amount of some protein-rich concentrate, such as wheat bran, linseed 
meal, cottonseed meal, etc., for a part of the corn and oats. However, 
this is not necessary for satisfactory results, as is pointed out in 
Chapter XXVIII. 

255. A balanced ration with roughage lower in protein. — If good 
le^me hay had not been used as the only roughage or at least as the 
chief roughage for this heifer, it would have been necessary to use 
some protein supplement to balance the ration. Let us suppose, for 
example, that the heifer is to be fed mixed clover and timothy hay, 
containing 30 to 50 per cent clover, as the only roughage. (Appendix 
Table I. Clover and timothy hay, 30 to 50 per cent clover.) If we 
feed 8 lbs. of this hay with the same amounts of corn and oats as in 
the preceding ration, we will have the following; 


Ration too low in protein for 4004b. heifer 


Requirements 

Dry- 

matter 

Lbs. 

9.0-10.0 

Digestible 

protein 

Lb. 

0.80-0.90 

Total 

digestible 

nutrients 

Lbs. 

6.1-6.6 

Nutritive 

ratio 

1: 

6.5-7.0 

Mixed clover and timothy hay, 8.0 lbs. 

7.35 

0.38 

4.11 


Com, No. 2, 1.5 lbs 

128 

0.11 

1.21 


Oats, 1.5 lbs 

U7 

0.14 

1.07 



Total 10.00 0.63 6.39 9.1 


This ration falls considerably under the requirements in amount 
of digestible protein, furnishing only 0.63 lb. of digestible protein and 
having a nutritive ratio of 1:9.1. Therefore let us replace some of 
the cpm-and-oats mixture with linseed meal (33 to 37 per cent protein 
grade) . 

The next step is to find how much of the com-oats mixture must 
be replaced with linseed meal. The preceding ration supplies only 
0.63 lb. digestible protein, while 0.80 to 0.90 lb. is recommended. 







Ax Unsatisfactokv and Expkxsive '‘Bai^axced” Katiox 

riiks ration of 20 lbs. ordinal y-q.i:ilit y timothy hay, 3 lbs. ground corn, 2 lbs. 
frround oats, 3 lbs. whi'at bran, and 3.5 lbs. lins('('d meal, nnn'ts the standard 
for a 1,200-lb. cow yielding 30 lbs. of 3.5 per cent milk. However, timothy hay 
ol ordinary quality is a ])Oor ron^haj^e for dairy cows, and also the ration is 
exiiensivo, due to the large amount of costly jirotein-rich concent rati's needed. 
Cost. 30.2 cents. (From \\’i.se(m.''in Station.) 


A Ratiox Wiiicri Is Oooi), but L\rKS Suceulexce 

This ration of 24 lbs. real clo^'er hay, 3 lbs. ground corn. 2.5 lbs. ground oats, 
and 2 lbs. wheat bran furnishes no mon' nutrient.s than the previous one, but 
it will produce more milk, because clover is far supcu'ior to ordinary timothy 
hay as a roughage, (\)st, 20.6 C(‘nts. (IToin AA’iscon.^in illation.) 
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An Excellent and Economical Ration for Milk Production 

This ration of 12 lbs. red clover hay, 36 lbs. corn silage, 3 lbs. ground corn, 
1.5 lbs. wheat bran, and 2.25 lbs. cottonseed meal is far superior to the two 
previous ones, for the feeds are all palatable and suitable for dairy cows, and 
the silage provides succulence. Cost only 25.9 cents, over 4 cents less than the 
first ration. (From Wisconsin Station.) 
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Pigs Fed an Efficient Balanced Ration 

This lot of pigs received barley supplemented by whey. Th(\v wore carried 
in dry lot, without pasture, from an initial weight of 128 lbs. to an average 
weight of 225 lbs., and made the most excellent gain of 2.53 lbs. a head daily. 
While this ration was excellent for fattening these well-grown pigs, it would 
have been deficient in vitamins A and D for feeding over a long period. (Fiom 
Wisconsin Station.) 
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Pigs Fed an Inefficient but ‘^Balanced'' Ration 

These pigs, fed barley and wheat middlings, without pasture, were just as 
thrifty at the start as the lot above. However, due to the inefficiency of their 
ration they gained only 1.27 lbs. a head daily, or only one-half as much as the 
others. This ration was seriously deficient in quality of protein and in calcium, 
as well as lacking in vitamins A and D. (From Wisconsin Station.) 
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Therefore we should add 0.17 to 0.27 lb. digestible protein to the ration 
to balance it properly. The 3 lbs. of com-oats mixture has a total 
of 0.25 lb. digestible protein, as shown by the table. (0.11 lb. + 0.14 
lb. = 0.25 lb.) Thus each pound of this mixture supplies only 0.083 
lb. digestible protein. 

Prom Appendix Table I we find that each pound of linseed meal 
(33 to 37 per cent protein) has 0.307 lb. digestible protein. There- 
fore, by substituting 1.0 lb. of such linseed meal for 1.0 lb. of the 
com-oats mixture, we will increase the amount of digestible protein 
in the ration by 0.224 lb. This happens to be just sufficient to bring 
the protein content of the ration well within the limits set in the 
standard. 

We should hence have a suitable ration, if we feed 8 lbs. of the 
mixed hay, 2 lbs. of the com-oats mixture (1 lb. of com and 1 lb. of 
oats), and 1 lb. of linseed meal. That this ration meets the require- 
ments of the standard is shown in the following table: 

Second balanced raiion for 400-lb, dairy heifer 

Dry Digestible Total Nutritive 

matter protein digestible ratio 

nutrients 


Requiremenis 

Lbs. 

9.0-10.0 

Lb. 

0.80-0.90 

Lbs. 

6.1-6.6 

1: 

6.5-7.0 

Mixed clover and timothy hay, 8.0 lbs, 

. 7A5 

0.3S 

4.11 


Corn, No. 2, 1.0 lb 

0.85 

0.07 

0.81 


Oats, 1.0 lb 

0.91 

0.09 

0.72 


Linseed meal, 1.0 lb 

0.91 

0.31 

0.78 


Total 

10.02 

0.85 

6.42 

6.6 


If it had not happened that the proper increase in the protein 
content of the ration was made by substituting just 1.0 lb. of linseed 
meal for 1.0 lb. of the grain mixture, we could have found the exact 
amount required by the following method: Let us suppose that it had 
been necessary to make an increase of 0.34 lb. in the protein content 
of the ration. It would then have been necessary to substitute for 
an equal weight of the grain mixture, the following amount of linseed 
meal : 


^.34 lb. (amou nt of incroaso in dig, protein nooded) 

*0224 ibTTainouQt of increase by substituting 1 lb. linseed metd) 


= 1.52 lbs. linseed meal 


Thus, to make an increase of about 0.34 lb. digestible protein in 
the ration, it would have been necessary to replace 1.5 lbs. of the com- 
oats mixture with linseed meal. If such a method as this is not used, 
it is often necessary to try out several combinations of feeds, before 
one finds the proper mixture to balance the ration. Time can also 
often be saved by using this method of computation when the ration 
is either too low or too high in total digestible nutrients, and one 
wishes to make a certain definite change in the amount of total digesti- 
ble nutrients by changing the proportion of roughage and concentrates. 

266. Finding the formula for a concentrate mixture.— In the 
practical feeding of livestock, it is not usually necessary to compute 
balanced rations for the individual animals in the herd or flock. In- 
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stead, a ration is found that will provide a proper supply of nutrients 
for the average animal, and then the amount of concentrates or the 
amounts of concentrates and of roughage may be varied for the indi- 
vidual animals. 

For example, in feeding a herd of dairy cows, the same concentrate 
mixture is generally used for all the cows, except perhaps for those 
which are exceptionally high producers. However, the amount of the 
concentrate mixture fed each cow should be regulated in accordance 
with Tier actual production of milk and fat. 

The following example will show the manner in which one should 
proceed to compute the formula for a suitable concentrate mixture to 
make a balanced ration: Let us find a good concentrate mixture for 
feeding to dairy heifers, averaging 400 lbs. in weight, with the same 
mixed clover and timothy hay for roughage as was used in the previous 
example. The previous table shows that such heifers require 0.80 to 
0.90 lb. digestible protein per head daily, and that 8.0 lbs. of such 
hay, which is about the amount that the heifers will eat a day, contain 
0.38 lb. digestible protein. The concentrate mixture should therefore 
furnish enough {)rotein to bring the total between 0.80 lb. and 0.90 lb. 
It should supply 0.42 to 0.52 lb. of digestible protein. 

Since 3.0 lbs. of concentrates should be sufficient for such heifers, 
if they are fed good roughage, the necessary minimum percentage of 
digestible protein in the concentrate mixture is found by dividing 0.42 
by 3.0, which gives us 14.0 per cent. This means that the concentrate 
mixture must furnish at least 14.0 per cent of digestible protein to 
balance the ration properly. 

Let us now find the proportions of corn, oats, wheat bran (all 
analyses), and cottonseed meal (43 per cent protein grade) in a con- 
centrate mixture that will furnish this amount of protein. We will 
try first a mixture of 30 lbs. corn, 30 lbs. oats, 30 lbs. wheat bran, 
and 10 lbs. cottonseed meal. From Appendix Table I, we find on 
computation that the mixture will supply the following amounts of 
protein : 

Digestible 


protein 

Lbs. 

Corn, No. 2, 30 lbs 2.13 

Oats, 30 lbs 2.82 

Wheat bran, 30 lbs 3.93 

Cottonseed meal, 10 lbs 3.50 


In 100 lbs. of mixture 12.38 


Since 100 lbs. of this mixture contain 12.38 lbs. of digestible 
protein, the percentage of digestible protein is 12.38 per cent. This 
is less than is needed in the ration. Therefore, we must increase the 
proportion of a protein-rich feed in the mixture and decrease the 
amount of another feed correspondingly. 

We desire to feed as large a proportion of home-grown com and 
oats as is possible. Therefore, since cottonseed meal is much richer 
than wheat bran in protein, we will increase the proportion of cotton- 
seed meal and reduce the proportion of wheat bran. By trying out 
various combinations we find that a mixture of 30 lbs. com, 30 lbs. 
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oats, 20 lbs. wheat bran, and 20 lbs. cottonseed meal will contain 14.57 
per cent of digestible protein. It should therefore be satisfactory in 
this ration. 

To check the ration, let us now find the amounts of dry matter 
and of digestible nutrients in 1 lb. of the concentrate mixture. This 
is done as follows: 


Finding the composition of a concentrate mixture 



Dry 

Digestible 

Total 


matter 

protein 

digestible 

nutrients 


Lbs. 

Lbs, 

Lbs. 

Corn, 30 lbs 

25.56 

2.13 

24.18 

Oats, 30 lbs 

27.33 

2.82 

21.45 

Wheat bran, 20 lbs 

18.12 

2.62 

14.04 

Cottonseed meal, 20 lbs 

18.70 

7.00 

15.10 

In 100 lbs. of mixture 

89.71 

14.57 

74.77 

In 1 lb. of mixture 

0.897 

0.146 

0.748 


Having found the composition of the concentrate mixture, we can 
use these figures in working out a ration, just like the figures in 
Appendix Table I for the various single feeding stuffs. Let us now 
check this ration to see whether it fully meets the nutritive require- 
ments of 400-lb. dairy heifers. We will then have the following: 


Balanced ration y using preceding concentrate mixture, for 
4004h. dairy heifers 


Requirements 

Dry 

matter 

Lbs. 

9.0-10.0 

Digestible 

protein 

Lb. 

O.SO-0.90 

Total 

digestible 

nutrients 

Lbs. 

6.1-6.6 

Nutritive 

ratio 

1: 

6.5-7.0 

Mixed clover and timothy hay, 

8.0 lbs. 7 35 

0.3S 

4.11 


Concentrate mixture, 3.0 lbs 

1 2.69 

0.44 

2.24 


Total 

10.04 

0.82 

6.35 

6.7 


This ration fully meets the requirements and will prove very 
satisfactory for the heifers. 

257. Finding the percentage of protein needed in a mixed feed. — 

If one desires to use a commercial mixed feed instead of a home- 
prepared concentrate mixture, the question arises as to the percentage 
of protein needed in the mixed feed to make a balanced ration with 
the roughage available. 

In the case of most mixed feeds on the market, while the per- 
centage of total protein is guaranteed, the percentage of digestible 
protein in the feed is not stated. Therefore it is necessary to find 
the approximate percentage of total protein required in the mixed 
feed to make a balanced ration with the roughage that is to be fed. 
This can be done as follows: 

First, the percentage of digestible protein that is required in the 
mixed feed is found, as in the preceding example. In this example 
we found that 3.0 lbs. of the concentrate mixture should supply at 
least 0.42 lb. of digestible protein, and that therefore the concentrate 
mixture should contain at least 14.0 per cent of digestible protein. 
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In most good mixed dairy feeds from 75 to 80 per cent of the total 
protein is digestible. On this basis the necessary percentage of total 
protein in a mixed feed may be found by dividing 14.0 per cent by 
.75 and by .80. This gives us a result of 18.7 per cent to 17.5 per cent^ 
which means that a good-quality mixed feed which supplies 14.0 per 
cent digestible protein will contain about 17.5 to 18.7 per cent total 
protein. 

Therefore 3 lbs. of a good 18 per cent dairy feed, fed with 8 lbs. 
of such mixed clover and timothy hay as was used in the preceding 
example, will make a satisfactory ration for 400-lb. dairy heifers. 

258. Guides in selecting efficient balanced rations. — Before at- 
tempting to compute economical balanced rations for any class of stock, 
it is important to read the explanations and general hints in the fol- 
lowing paragraphs and in the next chapter. Also, one should study 
the information given in Part III on making up efficient rations for 
that particular class of stock. It is impossible to compute satisfactory 
and economical rations if reliance is placed only on the amounts of 
nutrients^ recommended in feeding standards. 

As a guide to students and stockmen alike, the author has com- 
puted example balanced rations for the different classes of stock, which 
are adapted to various conditions. These rations are given in Appendix 
Table VII. 

Often one will be able to find among these suggestions a ration 
that will exactly meet his particular conditions. Even when the feeds 
that are available differ somewhat from those included in these sug- 
gested rations, they will serve as convenient guides and will save much 
time in computation. 

259. Proportions of concentrates and roughages. — ^Unless a per- 
son is experienced in stock feeding, he may not know what proportions 
or amounts of roughages and concentrates should be included in rations 
for any particular class of stock. It has been pointed out in the 
previous chapters that the proportions of concentrates and roughages 
in the ration should be regulated according to the kind and class of 
animal to be fed and the results sought. 

For example, mature, idle horses may be maintained on roughage 
alone, if it is of fairly-good quality. On the other hand, work horses 
must receive considerable concentrates, and the proportion of concen- 
trates will depend on the amount of work performed. ‘ 

A.S has already been shown in this chapter, the amounts of dry 
matter and of total digestible nutrients recommended in a feeding 
standard for a particular class of stock furnish a guide to the proper 
proportion of roughages and concentrates in the ration. When the 
requirement of digestible nutrients or of net energy is high compared 
with the total amount of dry matter advised, the proportion of con- 
centrates in the ration must be large to meet the standard. On the 
other hand, for the mere maintenance of horses, cattle, or sheep the 
standards call for much less digestible nutrients or net energy in 
comparison with the amount of total dry matter. This is because 
these animals can be maintained largely or entirely on roughage. 

In Appendix Table III there will be found, immediately previous 
to the Morrison feeding standards, a set of convenient guides which 
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shows the approximate proportions of roughages and concentrates re- 
quired by the various classes of stock. By referring to these data, 
much time can often be saved in computing balanced rations for the 
different kinds of farm animals. 

II. General Requirements for Satisfactory Rations 

260. Feeding standards only approximate guides. — It has been 
shown in Chapter IV that average figures for the composition of any 
feeding stuff are only approximately correct when applied to any 
particular lot of the feed. (105) Because of the various factors there 
discussed, which affect the composition and nutritive value, there may 
be considerable difference in the feeding value of two different lots 
of flBe same kind of feed. Such differences are apt to be greater in 
the case of roughages than with concentrates. 

It has also been pointed out in Chapter IV that individual animals 
may differ somewhat in their ability to digest and utilize their feed. 
These facts must be taken into consideration in the preparation of 
feeding standards. The recommendations should be such that a suffi- 
cient margin of safety is provided to cover the usual variations in the 
composition of feeds and the differences in the individual animals to 
be fed. It should be borne in mind that tables of digestible nutrients, 
such as Appendix Table I of this volume, and also feeding standards, 
are averages and approximations. 

The amounts of digestible protein stated in the standards are the 
minimum amounts recommended for efficient results. If protein-rich 
feeds are cheaper than those low in protein, it is usually economical 
to furnish a greater amount of protein than is called for by the 
standards. It is shown in Chapter VI that any ordinary excess of 
protein will not be injurious to farm animals. (141) 

On the other hand, if protein-rich feeds are unusually high in 
price, in comparison with carbonaceous feeds, it may be economical 
to feed a ration containing somewhat less protein than is advised in 
the standards. However, it is rarely wise to depart far from the 
recommendations. 

261. Quality of protein. — The recommendations in feeding stand- 
ards concerning the amounts of digestible protein that should be fed 
the various classes of stock are made on the assumption that protein 
of average quality will be furnished by the ration. It has been empha- 
sized in Chapter VI that the quality or kind of protein in a ration 
may be fully as important as the amount. In order to secure satis- 
factory results from livestock, it is therefore necessary to give due 
attention to the quality of protein in their rations. This is of especial 
importance in the feeding of swine and poultry and in raising dairy 
ealves on milk substitutes. 

Information on the quality of the protein in various feeds is 
presented in Chapter VI and in the detailed discussions of the indi- 
vidual feeds in Part II. Full consideration has been given to the 
importance of proper quality of protein in the rations suggested for 
the various classes of stock in Appendix Table VII and in the respective 
•ohapters of Part III. 
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262. IMQnerals and vitamins not included in feeding standards. — 

The various feeding standards make recommendations only in regard 
to the amounts the ration should furnish of dry matter, of digestible 
protein, and of total digestible nutrients or net energy. It has been 
emphasized in previous chapters that for health and for efficient pro- 
duction, it is just as necessary that farm animals receive an adequate 
supply of vitamins and minerals as that their rations be properly 
balanced in protein. While it is not yet possible to state the require- 
ments of most classes of stock for vitamins and minerals in the set 
mathematical terms of a feeding standard, these substances must be 
given full consideration. 

Detailed information concerning minerals and vitamins has been 
given in Chapter VI, and further data concerning the requirements 
of each class of stock will be found in Part III. In order to ^ect 
rations that will amply meet the needs of livestock for minerals 
and for vitamins, it is necessary to have this information fully in 
mind. 

263. Suitability of feeds; palatability. — The feeds selected for 
any animal should be such that they will not injure its health or the 
quality of the product yielded. Feeds which are suited to one class 
of farm animals may not be adapted to others. Again, a given feed 
may give satisfactory results when combined with certain feeds, yet 
in other combinations it may prove unsatisfactory. This matter has 
already been discussed in some detail in Chapter III. (69) One can 
readily learn whether any particular feed is suitable for a given class 
of stock by consulting the index to find the pages where detailed 
information is given on the subject. 

The palatability of the ration is an important factor in feeding 
livestock for production, as has already been emphasized. (66) The 
wise farmer will utilize feeds of low palatability chiefly for animals 
which are being merely maintained, and will feed growing and fat- 
tening animals, milk cows, and horses at hard work rations made up^ 
for the . most part at least, of well-liked feeds. 

Some concentrates, such as malt sprouts and dried distillers ^ grains, 
which may not be relished when fed alone, are entirely satisfactory 
if used in mixture with other better-liked feeds. Similarly, if such 
low-grade roughage as straw is combined with good hay that provides^ 
plenty of vitamins, a limited amount can be fed satisfactorily to dairy 
cows or to fattening cattle and sheep. In Europe such roughage is 
often chopped and mixed with the concentrates, the mass then being 
moistened and allowed to stand for a few hours, until the roughage 
becomes softer and more palatable. 

Livestock will usually yield the maximum of product only on 
rations made up entirely or chiefly of palatable feeds. However, it 
should be borne in mind that an important function of our farm 
jlnimals is to convert into useful products materials that would other- 
wise wasted. 

264. Cost of the ration. — The most important factor of all, for 
the farmer who must depend on the profits from his stock for his 
income, is the cost of the ration. In securing a ration which provides 
the nutrients called for by the standards and meets the other conditions 
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previously discussed lies a great opportunity for exercising foresight 
and business judgment on every farm where animals are fed. 

The wise farmer-stockman will consider the nutrient requirements 
of his animals in planning his crop rotations. Through the use of 
farm-grown grain, legume hay, and such cheap succulence as silage 
from com or the soghums, it is possible in most sections of the country 
to go far toward solving the problem of providing a well-balanced, 
economical ration. 

Simple methods of determining which feeds are most economical 
to use in making up balanced rations for the various classes of stock 
are described in the following chapter. 

III. Early Feeding Standards 

At the beginning of the last century almost nothing was known 
concerning the chemistry of plants and animals. The farmer then 
gave his livestock hay and grain without knowing what there was in 
this feed that nourished them. But science soon permeated every line 
of human activity, and agriculture was benefited along with the rest. 
Davy, Liebig, Boussingault, Henneberg, Wolff, Lawes and Gilbert, and 
other great scientists were early laying the foundations for a rational 
agricultural practice based on chemistry. 

265. Hay equivalents.— The first attempt to express the relative 
value of different feeding stuffs in a systematic manner was by Thaer 
of Germany, who in 1810 published a table of hay equivalents with 
meadow hay as the standard.^ For example, in this table, 91 lbs. of 
clover hay, 200 lbs. of potatoes, or 625 lbs. of mangels were considered 
equal to 100 lbs. of meadow hay in feeding value. Naturally, opinions 
on feed values varied, and so there were about as many tables of hay 
equivalents as there were writers on the subject. 

266. The first feeding standard. — Chemistry having paved the 
way, Grouven in 1859 iiroposed the first feeding standard for farm 
animals, based on the crude protein, carbohydrates, and fat in feeding 
stuffs.^ This, however, was imperfect, since it was based on the total 
instead of the digestible nutrients. 

267. The Wolff feeding standards. — In 1864 Wolff, a German 
scientist, presented the first table of feeding standards based on the 
digestible nutrients in feeds.^ These set forth the amounts of digestible 
crude protein, carbohydrates, and fat required daily by the different 
classes of farm animals. The Wolff standards were brought to the 
attention of American farmers 10 years later and their value and 
importance were soon recognized. With their adoption came the fii*st 
wide-spread effort toward the rational feeding of farm animals. 

268. The Wolff-Lehmann feeding standards. — In 1896 the Wolff 
standards were somewhat modified by another German scientist, Leh- 
mann, as further scientific facts were then available regarding the 
nutrient requirements of livestock.** These standards, known as the 
Wolff-Lehmann feeding standards, were widely used for many years 
in Europe and also in America in computing balanced rations for 
livestock, but have now been superseded by more accurate, modern 
standards. It should be noted, in particular, that these standards 
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recominended considerably more protein than later investigations have 
shown to be necessary. 

The Wolff-Lehmann standards have been given in full in previous 
editions of this book. They are omitted from this edition, as they 
are now only of historical interest. To show the form in which these 
standards were presented, the daily requirements of a dairy cow, yield- 
ing 22 lbs. of milk, were as follows per 1,000 lbs: live weight : Dry 
matter, 29 lbs.; digestible crude protein, 2.5 lbs.; digestible carbohy- 
drates, 13,0 lbs. ; digestible fat, 0.5 lb. ; nutritive ratio, 1 :5.7. 

It is of interest to note that in these • standards the amounts of 
nutrients recommended for dairy cows depended only on the amount 
of milk produced. No consideration was given to the fact that more 
nutrients are required to produce a pound of milk rich in fat than 
fov a pound of milk low in fat. Also, it will be observed that in these 
standards separate recommendations were made not only for digestible 
protein, but also for digestible carbohydrates and for digestible fat. 
Balancing rations according to these standards therefore required more 
computation than when the modem and more simple method is used 
in which the requirements are stated in terms of digestible protein and 
of total digestible nutrients. 

IV. Later Feeding Standards 

269. Standards based on net ener^ or starch values. — The net 

energy method of measuring the nutritive values of feeding stuffs 
and rations has been explained in Chapter III. Also a full discussion 
has been presented of the advantages and disadvantages of this system 
in comparison with the system based on digestible nutrients. (81-94) 

In the method developed by Armsby the net energy values of feeds 
are expressed in therms of net energy. On the other hand, in the 
Kellner starch-value system, which is also explained in Chapter III, 
the productive values of feeds, which are net energy values, are ex- 
pressed in pounds of starch value. (95) 

In 1907 Kellner formulated feeding standards in which the recom- 
mendations were stated in terms of dry matter, of digestible true 
protein (not digestible crude protein), and of starch value.® For 
example, his standard for maintaining a mature steer calls for 15 to 
21 lbs. dry matter, 0.6 to 0.8 lb. digestible true protein, and 6.0 lbs. 
starch value. 

The Kellner starch values and feeding standards have been widely 
used in Europe, especially in Germany and in Great Britain, but were 
never employed to any large extent in the United States. 

Somewhat later Armsby presented feeding standards expressed in 
terms of digestible true protein and of therms of net energy.® In 1917 
these standards were amplified and revised in his book. The Nutrition 
of Farm Animals.*^ In the United States the Armsby standards have 
usually been employed instead of the Kellner standards by those de- 
siring to compute rations according to the net energy system. 

It should be pointed out that in both the Kellner standards and 
the Armsby standards the amounts of protein recommended were stated 
in terms of digestible true protein, instead of digestible protein (di- 
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gestible crude protein). These standards did not therefore credit the 
simpler nitrogenous substances in feeds with any value as a substitute 
for proteins. This point of view has now generally been discarded, as 
has been mentioned previously. (18) It is therefore much preferable 
to express the protein requirements of animals in terms of digestible 
protein (digestible crude protein), as is done in most of the more 
recent feeding standards. 

In the Armsby standards no recommendations were made concern- 
ing the amounts of dry matter to be included in the rations for the 
various classes of stock. Therefore, in computing rations according 
to these standards, it was necessary to rely, not on the standards, but 
on one’s general information, in deciding on how many pounds of 
dry matter an animal could consume and in determining the proper 
proportion of roughage and of concentrates to include in the ration. 

Recently Fraps has presented feeding standards expressed in terms 
of dry matter, digestible crude protein, and productive value, stated 
in therms of net energy.® These productive values are thus given in 
the same terms as Armsby ’s net energy values. 

These net energy standards are not presented in this volume, but 
instead there is included in the revised Morrison standards (Appendix 
Table III) an additional column showing the amounts of net energy, 
expressed in therms, which are advised for the various classes of stock. 
Those desiring to compute rations according to the net energy system 
can readily use this column of figures instead of the column showing 
the amounts of total digestible nutrients advised. 

In using these net energy standards for the computation of rations, 
the same general method is followed that has been described in the 
first part of this chapter. However, instead of using the values for 
total digestible nutrients, given in Appendix Table I, the net energy 
values of the various feeds are employed, which are given in Appendix 
Table II. 

270. Standards based on Scandinavian feed units. — The feed-unit 
system of measuring the relative values of different feeds, which is 
used extensively in the Scandinavian countries, has been explained in 
Chapter III. (96) It has there been pointed out that in this system 
protein-rich feeds are given somewhat higher values than those which 
are lower in protein content, but which furnish approximately the same 
amounts of total digestible nutrients or of net energy. 

The feed-unit values are therefore not true expressions of net 
energy. However, they are convenient measures of the approximate 
values of different feeds under the conditions in the Scandinavian 
countries, where the farm-raised feeds do not usually supply sufficient 
protein for well-balanced rations. 

Hansson prepared feeding standards, based on the feed-unit sys- 
tem, for the various classes of farm animals, in which the recommenda- 
tions are stated in terms of dry matter, digestible true protein, and 
feed units.® Slightly different standards have been widely used in 
Denmark, especially for dairy cows. 

These feeding standards and the feed-imit method of valuing feeds 
have never been used to any appreciable extent in the United States, 
for the reasons mentioned in Chapter III. 
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271. Standards, for dairy cows. — Several different feeding stand- 
ards have been formulated for dairy cows, based either on digestible 
nutrients or on net energy values. These standards are explained in 
Chapter XXIV, and comparisons are there given of the recommenda- 
tions made in the various standards. 

It is of esi)ecial interest to note that Haecker of the Minnesota 
Station was apparently the first to recognize in feeding standards for 
dairy cows the fundamental fact that the amount of nutrients a cow 
requires depends not only on the amount of milk she produces, but 
also on its richness in fat.^° 

272. Special standards for certain other classes of stock. — Special 
standards have also been prepared by various scientists for certain 
other classes of stock. The more important of these are mentioned 
in the chapters of Part III which consider the nutrient requirements 
of each class of stock. These standards include the Zuntz standards 
for horses, the Eckles-Qullickson standards for dairy heifers, the Bull- 
Emmett standards for fattening lambs, and the Eward standards for 
swine. 

273. The Jfforrison feeding standards. — Until 1915 the old Wolff- 
Lehmann feeding standards were employed more comr^only in the 
United States than any others, except for dairy cows. In computing 
rations for milk production these German standards had then been 
largely replaced by the more accurate American standards, especially 
by the Haecker standards, the Savage standards, and the Eckles stand- 
ards. For other classes of stock the Wolff-Lehmann standards were 
commonly used, in spite of the facts that they advised larger amounts 
of protein than necessary and were not well adapted to American 
conditions. 

At this time the need for modem standards for the various classes 
of stock was deeply impressed upon the author of this volume. ,He 
found that certain companies which fattened annually thousands of 
cattle and sheep were carefully computing rations according to these 
out-of-date standards. In order to balance the rations according to 
these standards they were spending large sums of money for entirely 
unnecessary amounts of protein supplements, thus considerably re- 
ducing their profits. 

Neither the Kellner nor the Armsby feeding standards had been 
widely adopted in this country, for instructors and farmers seemed to 
prefer standards based on digestible nutrients instead of energy values. 
The author therefore endeavored to combine in one set of standards 
what seemed in his judgment to be the best guides available in the 
computation of rations for the various classes of stock. These standards 
were first presented in the fifteenth edition of Feeds and Feeding, 
published in 1915, and were then called the ‘‘Modified Wolff-Lehmann 
Standards. 

To lessen the work of computing rations, the standards were ex- 
pressed in terms of dry matter, digestible protein, and total digestible 
nutrients, instead of giving separate recommendations for digestible 
carbohydrates and for digestible fat, as in the Wolff-Lehmann stand- 
ards. Also, since it was realized fully that feeding standards were 
only approximate and that they were not exact expressions of nutritive 
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requirements, a range was given in the amounts of nutrients recom- 
mended. 

Since the standards for most classes of stock were considerably dif- 
ferent from the old Wolff -Lehmann standards, they have more recently 
been called the Morrison feeding standards. From time to time certain 
changes have been made in the standards, as additional information 
has been gained concerning the nutrient requirements of the various 
classes of stock. 

274. Revised Morrison feeding standards. — Extensive changes 
have been made in the standards presented in Appendix Table III of 
this edition of Feeds and Feeding in order to incorporate the results 
of recent investigations. Also, a change has been made in the manner 
in which the recommendations are presented. 

Previously the standards have shown the requirements of the 
various classes of animals daily per 1,000 lbs. live weight. To find 
the requirements for a particular animal of any other live weight, 
computation has been required. In order to save time in computing 
rations, the revised standards state the amounts of dry matter and 
of digestible nutrients required per head daily by animals of the various 
weights. For those desiring to use net energy values instead of total 
digestible nutrients in the computation of rations, a column has been 
added to these revised standards which states the net energy require- 
ments, expressed in therms. 

The chief sources of data upon which the standards are based 
are stated in the explanatory paragraphs which precede the standards 
in Appendix Table III. 

275. Computing rations according to the Morrison standards. — 

The method of computing rations based on the digestible nutrient 
recommendations in the Morrison standards has been fully described 
in the first part of this chapter. In computing rations according to 
total digestible nutrients, one should entirely disregard the net energy 
values which are given in the last column of figures in Appendix 
Table III. He should base his computations solely on the recom- 
mendations given for dry matter, digestible protein, total digestible 
nutrients, and nutritive ratio, and should consult Appendix Table I 
to find the corresponding composition of the various feeding stuffs. 

On the other hand, if one desires to compute rations according 
to the net energy system, he should disregard the columns giving the 
total digestible nutrients and nutritive ratios, and should use instead 
the net energy values shown in the last column of figures. The net 
energy values of the most important feeds, for use in this method of 
computing rations, are stated in Appendix Table II. This table also 
gives the percentages of dry matter and of digestible protein in these 
feeds, * As has been emphasized in Chapter III, the net energy values 
given in this table are approximate values, which have been computed 
by the author from the limited data available. (94) 

Except for the difference in the figures used, the method of com 7 
puting a ration according to the net energy system is the same as 
when total digestible nutrients are used. It is therefore not necessary 
to present an example of the use of this method. 
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QUESTIONS 


1. What are feeding standards? 

2. Compute a ration for a 1,400-lb. horse at medium work according to the Morrison 

feeding standards. In this and the following problem use feeds available in 
your locality and find the cost of the ration. 

3. Compute a ration according to the Morrison feeding standards for 1,200-lb. dairy 

cows producing an average of 40 lbs. of milk containing 3.5 per cent fat daily. 
Determine first the necessary percentage of digestible protein in the concentrate 
mixture to feed with the roughages you select, using the method shown in 
Article 256, Then work out a formula for a satisfactory concentrate mixture, 
containing this percentage of digestible protein. Finally, compute the dry 
matter, the digestible protein, the total digestible nutrients, and the nutritive 
ratio of the entire ration, to see whether or not it meets the requirements. 

4. If you wished to use a good commercial dairy feed for these cows, approximately 

what percentage of total protein should it contain? 

5. What* guide do the Morrison feeding standards furnish as to the proper proportion 

of roughages and concentrates for a particular class of stock? 

6. What factors not included in the recommendations of feeding standards must be 

considered in computing efficient rations for stock? 

7. Why have the Wolff-Lehmann feeding standards been superseded by other feed- 

ing standards? 

8. In what terms are the nutrient requirements expressed in the Armsby feeding 

standards; in the Kellner feeding standards? 

9. What important advance did Haecker make in feeding standards for dairy cows? 

10. In what terms are the nutrient requirements of livestock expressed in the Mor- 

rison feeding standards ? 

11. Why is a range indicated in the recommendations given in these standards for 

each class of stock, instead of only one figure being given for dry matter, 
digestible protein, and total digestible nutrients, respectively? 
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CHAPTER X 

« 

ECONOMY IN FEEDING LIVESTOCK 

I. Selecting Economical Rations 

276. Providing efficient rations at minimum expense. — In order to 
secure the largest returns from his farm animals the stockman must, 
first of all, thoroughly understand the fundamental nutrient require- 
ments of the various classes of livestock, which have been discussed in 
the preceding chapters. He must next study the possibilities of his 
farm for the production of crops, paying attention both to the probable 
yields and to the value of the various crops for feeding to stock or for 
sale. It is also necessary to consider the feeding value of the many 
feeds on the market and compare the prices at which they can be secured. 

With this knowledge he is in a position to plan his rotations so that 
from the crops raised, supplemented when economical by purchased 
feeds, efficient rations for his stock may be provided at minimum ex- 
pense. As a rule it will be found wise to raise all needed roughage on 
the farm. On the other hand, it is often economical to sell more or less 
of the farm-grown grains and replace them with purchased protein-rich 
concentrates which economically supplement the farm-grown feeds. 

277. Market prices often not a guide to feeding values. — On 
studying the market prices of the different available fee^, it will often 
be found that the market prices are no index to the relative values of 
certain feeds. For example, one year there may be a short oat crop in 
this country, but a good crop of corn. This will make oats unusually 
expensive in comparison with corn. The next year the conditions may 
be reversed, and oats will then be an economical feed. Similarly, the 
relative prices of the various protein supplements vary considerably 
from year to year, and sometimes there are wide changes in the relative 
prices of feeds even during a single year. 

To secure the maximum net returns from livestock, it is necessary 
to give careful attention to the changes in feed prices. One should not 
get into the habit of feeding the same combination of feeds year after 
year, regardless of whether these feeds are cheap or costly. Whenever 
feed prices change decidedly, the wise stockman will make whatever 
changes are necessary in his rations to take advantage of the new 
conditions. 

Experiments have shown that there is no one best ration for any 
class of stock. It is therefore possible to increase the net returns by 
carefully selecting each season the particular combination of feeds that 
will make a well-balanced, efficient ration at the minimum cost. To aid 
stockmen in selecting balanced rations that will be economical under 
different conditions, there are presented in Appendix Table VII a con- 
siderable number of balanced rations for the various classes of animals. 
Any one of these should give excellent results when composed of good- 
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quality feeds and fed to thrifty animals. Many additional suggestions 
will be found in the chapters of Part III. 

By figuring out the cost of those rations or concentrate mixtures 
that seem adapted to the local conditions, one can readily determine 
which will be most economical. 

278. Determining which feeds are actually cheap. — The amounts 
of total digestible nutrients (or net energy) and the amounts of digesti- 
ble protein contained in various feeds provide general information 
concerning their values. Methods of determining the relative economy 
of feeds based on digestible nutrients are explained in paragraphs 
which follow. 

In using such a method, it must be borne in mind, however, that 
tables of digestible nutrients or of net energy supply information 
concerning only a part of the factors that determine the actual relative 
values of different feeds for any particular class of stock. Numerous 
experiments have proved that there are marked differences in the values 
of the same feed for the various classes of animals. Such differences 
may not be shown at all by the amounts of digestible nutrients the 
feed supplies. 

These differences may be due to several factors : One class of stock 
may have a much greater need than another class for vitamins or 
minerals that the particular feed furnishes. For example, a limited 
amount of choice alfalfa or other legume hay has an especially high 
value, not measured by its content of digestible nutrients, as a source 
of vitamins A and D in the winter feeding of pigs in the northern 
states. Similarly, excellent hay is nearly indispensable in the raising 
of dairy calves. On the other hand, idle horses and beef breeding cows 
can be wintered successfully on roughage of rather inferior quality. 
Another example is the fact that dairy by-products have an unusually 
high value for poultry on account of their richness in vitamin G. 

Protein of high quality is of especial importance for swine, for 
poultry, and for dairy calves being raised on milk substitutes. There- 
fore feeds that furnish protein of excellent quality, such as meat scraps, 
tankage, and fish meal, have a much higher relative value for these 
animals than for other classes of stock. 

Other differences in the relative values of a feed for various animals 
may be due to certain factors concerning -which we have but little 
de^ite information. For example, ground barley is equal to ground 
com for dairy cows, but for fattening cattle, sheep, or pigs it is worth 
appreciably less per ton than com. Wheat is fully equal to com for 
pigs and for fattening cattle, but it is worth only about 83 to 85 per 
cent as much as com for fattening lambs. Oats have a much higher 
relative value for horses and for dairy cows than they have for fattening 
cattle or sheep, and especially for pigs. 

For dairy cows and for fattening lambs, cottonseed meal is equal 
to linseed meal when fed in a suitable ration. On the other hand, for 
fattening cattle it is generally worth much less per ton than linseed 
meal when used as the only protein supplement. Soybeans are an 
excellent supplement for dairy cows, beef cattle, or sheep, but are not 
entirely satisfactory as the only protein supplement for pigs. They 
also teifd to produce soft pork. 
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Such facts as these have convinced the author that by far the best 
guides to the relative values of different feeds for any particular class 
of stock are furnished by the results of the feeding experiments in 
which these feeds have been carefully compared. This has been empha- 
sized previously in Chapter III. (68-69) Therefore in the preparation 
of this volume the author has spent much time in the compilation and 
analysis of the results of the many investigations of this kind that have 
been conducted by the experiment stations, particularly those in thp 
United States. 

Wherever data are available, definite statements based on these 
compilations are given in the respective chapters of Part III concerning 
the actual relative values of the different important feeds for each class 
of stock. By referring to the index, the pages can readily be found on 
which these data are presented for a particular kind of farm animal. 

279. Selecting feeds on the basis of cost of total digestible nutri- 
ents. — While the results of feeding experiments are the most reliable 
guide in showing the relative values of different feeds for any particular 
class of stock, definite data of this kind are as yet available only for 
some of the most important feeding stuffs. For other feeds the decision 
as to whether they are economical or not at a given market price must 
be based on their content of digestible nutrients (or net energy) and 
also on the general information concerning their usefulness for the 
particular kind of animal. 

In making up a balanced ration for stock we commonly base our 
computations primarily on the amounts of digestible protein and of 
total digestible nutrients (or net energy) required by the particular 
class of stock. It has been emphasized in previous chapters that other 
factors, such as quality of protein, amount of calcium or phosphorus, 
or vitamin content, may sometimes be just as important as the content 
of digestible nutrients, in determining whether or not a particular feed 
should be used in the ration. However, these factors cannot well be 
taken into consideration in feeding standards. 

In most parts of the United States feeds that are rich in digestible 
protein generally cost more than those which are low in protein but 
rich in digestible carbohydrates. Under such conditions digestible pro- 
tein has a greater value per pound than digestible carbohydrates, or 
than digestible fat multiplied by the factor 2.25 to change it to the 
carbohydrate equivalent. 

One method of comparing the economy of various feeds that has 
often been used is to compute the cost per pound of total digestible 
nutrients in each feed. This will readily show which feeds supply total 
digestible nutrients at least expense. It is a correct method of com- 
parison of the relative values of feeds when protein-rich feeds cost no 
more than those rich in other digestible nutrients. 

However, it has very decided limitations under more usual condi- 
tions, where digestible protein is more expensive than other nutrients. 
This is because this method does not take into consideration the dif- 
ferences in the amounts of digestible protein that the various feeds 
supply. This lack is of particular importance when one wishes to decide 
which of' several protein supplements is most economical for balancing 
a ration low in protein. 
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To overcome this difficulty partly, one can likewise compute for 
each feed the cost per pound of digestible protein. Both the cost per 
pound of total digestible nutrients and the cost per pound of digestible 
protein can then be taken into consideration in determining which 
protein supplements are cheapest. 

Even when both these methods of comparison are used, however, 
one will often have difficulty in deciding which supplements are most 
economical. One supplement may furnish digestible protein at the least 
cost, while another is a cheaper source of total digestible nutrients. 
Considerable experience is necessary to balance one factor against the 
other in estimating the actual relative economy of the two feeds. To 
obviate this difficulty, the methods described in the following para- 
graphs have been devised. 

280. Valuations based on both digestible protein and total digesti- 
ble nutrients. — Several methods have been suggested for considering 
both digestible protein and total digestible nutrients (or net energy) 
in determining the relative values of feeds. In one method a definite 
money value is assigned to each pound of total digestible nutrients (or 
net energy) in the feed and an additional value is assigned to each 
pound of digestible protein the feed contains.^ These values are deter- 
mined from the price of a standard, common carbohydrate-rich feed, 
such as com grain, and the price of a common protein supplement, such 
as cottonseed meal. 

The value of any other feed is then computed by adding together 
the valuation for the amount of total digestible nutrients it supplies 
and the valuation for its content of digestible protein. Tables can be 
worked out on this basis which show the relative values of various feeds 
in comparison, for example, with com and cottonseed meal at certain 
fixed prices. However, any such table can be used only so long as corn 
and cottonseed meal stay at approximately these set prices. The method 
therefore has only limited usefulness. 

281. The Petersen method of valuing feeds. — ^Petersen of the Min- 
nesota Station has recently devised an ingenious method which can 
readily be used to determine the relative values of various feeds with 
changing prices for the base feeds. Com and cottonseed meal are taken 
as the base feeds, since com is the most widely used carbohydrate-rich 
concentrate in this country and cottonseed meal the most important 
high-protein supplement. However, other base feeds may be similarly 
used in any section where com and cottonseed meal are not important. 

It is evident that whenever protein-rich feeds cost more than carbo- 
hydrate-rich feeds, as is usually the case, then the actual relative value 
of any other feed will depend partly on the price of the standard or 
base carbohydrate-rich feed and partly on the price of the base protein- 
rich feed. Two factors are therefore computed for each feed to be 
valued. One of these, called the ‘‘constant for com,’' shows the extent 
to which the price of com per ton affects the value of the given feed. 
The other factor, called the “constant for cottonseed meal,” shows the 
extent to which the price of cottonseed meal per ton affects the value 
of the particular feed in question. 

Constants of this kind for the most important concentrates are 
given in Appendix Table VIII, together with constants for certain 
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roughages. These constants have been computed according to the Peter- 
sen method from the data for each feed in Appendix Table I. In the 
case of roughages or of low-grade concentrates high in fiber, the con- 
stants are modified to take into consideration the fact that each pound 
of total digestible nutrients in such feeds has a lower value than a 
pound of total digestible nutrients in a high-grade concentrate. 

To illustrate the method of using these constants, let us determine 
the value of com gluten feed as a source of digestible protein and of 
total digestible nutrients, in comparison with ground com (Grade No. 
2) at $22.00 per ton and cottonseed meal (43 per cent protein grade) 
at $36.00 per ton. 

By referring to Appendix Table VIII, it will be seen that for com 
gluten feed the ‘‘constant for com’’ is 0.443 and the “constant for 
cottonseed meal’^ is 0.557. To find the value of com gluten feed we 
multiply the price of corn by 0.443, the “constant for corn;” then 
multiply the price of cottonseed meal by 0.557, the “constant for cot- 
tonseed meal;” and finally add the products. This gives us $29.80 as 
the value of com gluten feed with com and cottonseed meal at the 
particular prices stated. 

282. Graphs for finding the relative values of feeds. — In order to 
obviate the need for these computations, Petersen has also devised con- 
venient graphs, from which the relative values of feeds can be easily 
read, with com and cottonseed meal at any particular prices. Such 
graphs have distinct advantages over the use of the “constants.” First, 
no computation whatsoever is required. Second, if some other protein- 
rich feed is decidedly cheaper than cottonseed meal, it may be taken 
as the standard protein-rich feed in using the graphs. Likewise, barley 
or one of the other small grains may be used as the standard low-protein 
feed, if one of these grains is cheaper or more available locally than 
corn. 

To be used accurately, graphs of this kind must be of larger size 
than can be included in such a volume as this. Also, only a few feeds 
can be given in each graph, as otherwise the lines for various feeds 
would fall too close together to be legible.* 

It has been pointed out previously that when protein-rich feeds 
cost no more or even less than those low in protein, the amount of total 
digestible nutrients (or net energy) should be used as the basis for 
determining the relative values of various feeds. To make such com- 
parisons possible without any need for computations, graphs have also 
been devised from which the relative values of the important feeds 
can be determined at a glance, taking as a standard of comparison one 
of these feeds at any particular price.* 

283. A comparison of corn-belt feeds for dairy cows.— To illus- 
trate the manner in which the relative economy of different feeds may 
be determined by using the constants in Appendix Table VIII, let us 
assume that a dairyman in the com belt has' plenty of the following 
farm-grown grains: Shelled com (Grade No. 2), worth 56 cents a 
bushel, or $20.00 a ton, on the farm; oats, worth 40 cents a bushel, or 


•Pamphlets containlngr graphs for valuing ^he^st important 
methods, with directions for their use, may be ^ 

Department, Cornell University, Ithaca, New York. There is a small charge to cover 
the cost of publication. 
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$25.00 a ton ; and barley, worth 50 cents a bushel, or $20.83 a ton. He 
wishes to feed his herd the grain which is cheapest, considering its 
feeding value, and sell that which is highest priced. It will cost $2 a 
ton to grind these grains, as should be done for dairy cows. This will 
bring the farm price of ground corn to $22.00 a ton; ground oats, 
$27.00 a ton ; and ground barley, $22.83 a ton. 

To balance the ration the following supplements are available on 
the local market : Corn gluten feed at $30.00 per ton ; cottonseed meal 
(43 per cent protein grade), $36.00 per ton; distillers^ dried com 
grains, $33.00 per ton; linseed meal, $37.00 per ton; soybean oil meal 
(old process) , $34.00 per ton ; and wheat bran, $23.00 per ton. Limited 
amounts of these feeds can be hauled home on return trips from town 
without much of any additional cartage expense. It is not assumed that 
these prices represent average conditions in any section of this country, 
but they are merely taken to illustrate the manner in which the relative 
economy of various feeds may be compared. 

We will assume that this farmer has for his cows plenty of good 
mixed clover and timothy hay containing one-third to one-half clover, 
and in addition has sufficient com silage to feed throughout the winter. 
It is shown in Chapter XXIV and in Appendix Table VII that with 
such roughage a concentrate, or ‘‘grain,’’ mixture containing about 
14.5 per cent digestible protein or 18.0 per cent total protein will pro- 
vide ample protein for good dairy cows. Let us therefore compute an 
economical concentrate mixture which will supply this amount of 
protein. 

First, we will compute from the constants in Appendix Table VIII 
the values per ton of the various feeds, taking com and cottonseed meal 
as the base feeds, or the standards of comparison. We will set these 
values down in tabular form, along with the market prices of the various 
feeds. We will then set down for each feed the amount by which its 
computed value per ton is greater or less than the market price/ Though 
it is not at all necessary in the actual use of this method, we will also 
include in the table, in order to show certain facts, the percentages of 
digestible protein and total digestible nutrients in each feed. This table 
is given on the next page. 

The table shows that ground barley is worth $22.77 per ton, with 
cpm at $22.00 per ton and cottonseed meal at $36.00 per ton. Thus, 
ground barley is worth for feeding purposes within 6 cents of its market 
price. On the other hand, oats are worth only $21.22 per ton, which is 
$5.78 less than the market price. It is clear, therefore, that this dairy- 
man should sell the oats and feed the com and barley to his stock. 

It is of interest to note that with protein-rich feeds considerably 
higher in price than com, as is the case in this example, barley becomes 
worth slightly more per ton than com. This is due to the following: 
Though barley furnishes slightly less total digestible nutrients than 
does com, it has 9.3 per cent digestible protein, in comparison with 
only 7.1 per cent for com. When protein is relatively high in price 
the value of barley will be higher, in comparison with that of com, 
than when protein is cheap. 

The data for the protein supplements likewise show clearly that at 
these particular prices soybean oil meal is by far the cheapest supple- 
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ment. This is evident from the fact that its value is $5.08 per ton 
higher than its cost, in comparison with cottonseed meal and com. In 
this example the other supplements all rank much below soybean oil 
meal in economy. 

Comparison of the economy of various concentrates at the prices stated 



Digestible 

protein 

Total 

digestible 

nutrients 

Price 

per 

ton 

Value of 
feed per 
ton 

Difference per 
ton between 
price and value 


Per cent 

Per cent 

Dollars 

Dollars 

Dollars 

Farm grains 






Barley, ground 

9.3 

78.7 

22.83 

22.77 

— 0.06 

Corn, dent, ground 

7.1 

80.6 

22.00 

22.00 


Oats, ground 

9.4 

715 

27.00 

2122 

— *5.78 

Protein supplements 






Corn gluten feed 

22.7 

77.4 

30.00 

29.80 

— 0.20 

Cottonseed meal (43% 






protein) 

35.1 

74.9 

36.00 

36.00 

.... 

Distillers’ dried corn grains 

22.3 

85.0 

33.00 

3120 

— 1.70 

Linseed meal 

30.6 

78.2 

37.00 

3429 

— 2.71 

Soybean oil meal 

37.7 

822 

34.00 

39.08 

-f 5.08 

Wheat bran 

13.1 

702 i 

23.00 

22.96 

— 0.04 


284. Choosing an economical concentrate mixture. — ^With feeds at 
these prices the cheapest concentrate mixture can therefore be made up 
from proper proportions of ground corn, ground barley, and soybean 
oil meal. This would, however, make a much heavier mixture than most 
dairymen like to use. Such a mixture could be fed satisfactorily by 
distributing it over the silage, except perhaps in the case of very high 
producing cows that were receiving a large allowance of concentrates. 
To make the mixture much more bulky, it would be necessary to include 
oats, distillers’ grains, or wheat bran, for these are the only decidedly 
bulky feeds in the list. Of these, wheat bran is the most economical, 
for its value, merely on the basis of the nutrients it supplies, comes the 
closest to its market price. 

We will therefore find the proportions of ground com, ground 
barley, soybean oil meal, and wheat hmn that will give us a concentrate 
mixture containing 14.5 per cent digestible protein. Let us assume 
that the dairyman has about twice as much corn to feed his cows as he 
has of barley. A little figuring will show us that the formula shown 
in the following table will make up an exceedingly economical concen- 
trate mixture under these particular conditions. 


An economical concentrate mixture with feeds at the prices stated 


Ground corn, 450 lbs 

Ground barley, 200 lbs... 
Soybean oil meal, 200 lbs, 
Wheat bran, 160 lbs 

Total in 1,000 lbs 

In 100 lbs 


Digestible 

Total 

digestible 

Cost 

protein 

nutrients 

Lbs. 

Lbs. 

Dollars 

. 32.0 

362.7 

4.95 

. 18.6 

157.4 

228 

. 75.4 

184.4 

3.40 

. 10.7 

105.3 

1.73 

.145.7 

809.8 

12.36 

. 14.6 

81.0 

1.24 
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This mixture supplies 14.6 lbs. digestible protein per 100 lbs., or 
14.6 per cent. It costs oiily $1.24 per 100 lbs., or $24.80 per ton, and 
is one of the most economical mixtures containing the desired percentage 
of pt-otein that can be made up with these feeds at the particular prices 
that have been assumed in this discussion. 

Some dairymen may prefer a concentrate mixture with greater 
variety, or a greater number of different feeds in it. At these particular 
prices other feeds could not be included in the mixture without increas- 
ing the cost. However, this mixture will produce first-rate results, for 
all the feeds in it are excellent for dairy cows. The mixture will pro- 
vide excellent quality of protein, and it will be thoroughly palatable. 

285. Chan^g the ration to meet changed feed prices. — To show 
how a ration should be modified to meet changed feed prices, let us 
assume that the next year the prices for the same feeds used in the 
preceding example are as follows: The price of barley has risen from 
60 cents per bushel to 65 cents, while the price of oats has declined 
from 40 cents per bushel to 29 cents. Com has remained at 56 cents 
per bushel. Adding $2.00 per ton for grinding, as before, the prices 
for the ground grains will be : Ground barley, $29.08 per ton ; ground 
oats, $20^.13 per ton; and ground corn, $22.00 per ton. The prices for 
the protein supplements have also changed, as shown in the first column 
of the following table. Cottonseed meal, the base protein-rich feed, is 
now $34.00 per ton. 

Let us now see which feeds are most economical, in comparison 
with com and cottonseed meal at these prices. Using the same method 
as before, we will have : 


Effect of changed prices on economy of various feeds 



Price 
of feed 
per , 
ton 

Dollars 

Value 
of feed 
per 
ton 

Dollars 

Difference per 
ton between 
price and 
value 
Dollars 

Farm grains 

Barley, ground 

29.08 

22.60 

— 6.48 

Com, dent, ground 

22.00 

22.00 

.... 

Oats, ground 

20.13 

21.00 

+ 057 

Protein supplements 

Cora gluten feed 

28.50 

28.68 

+ 0.18 

Cottonseed meal (43% protein grade) 

34.00 

34.00 

Distillers* dried corn grains 

31.00 

30.26 

— 0.74 

Linseed meal 

32.50 

32.62 

+ 0.12 

Soybean oil meal 

Wheat bran 

38.00 

36.94 

— 1.06 

25.00 

22.47 

— 263 


The rank of the various feeds in economy has changed very de- 
cidedly. Thus oats are now even more economical than com. Barley 
is very expensive, as is shown by the fact that its feeding value is $6.48 
less per ton than its selling price on the farm. At these prices barley 
should be sold, and oats and com used for feeding. Though com is 
not quite so economical as oats, some com had best be used in the 
concentrate mixture, as oats are rather bulky and high in fiber to be 
fed as the only grain to high-producing cows. 

Among the protein supplements, linseed meal, com gluten feed, 
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and cottonseed meal are the most economical, there being but little 
difference between them in this regard. Wheat bran is now an expensive 
source of nutrients. If there were no other bulky feed in the concen- 
trate mixture, it might be advisable to include a little bran, merely for 
bulk. However, since oats are this year the cheapest grain, the concen- 
trate mixture will contain considerable oats, and will therefore have 
plenty of bulk without any need of bran. 

With feeds at these changed prices, an economical concentrate mix- 
ture furnishing 14.5 per cent digestible protein would be : Ground corn, 
300 lbs. ; ground oats, 410 lbs. ; corn gluten feed, 100 lbs. ; cottonseed 
meal, 90 lbs.; and linseed meal, 100 lbs. It will be noted that this 
concentrate mixture is quite different from the one suggested for the 
previous price conditions. However, it is likewise an excellent mixture 
and well adapted for feeding high-producing cows. 

These two examples well show that no particular combination of 
feeds should be used year after year, regardless of the changes in feed 
prices. On the contrary, the ration should be modified whenever neces- 
sary to adapt it to changed price conditions. 

286. Relative economy of feeds when protein is cheap. — In the 
preceding examples protein-rich feeds have been more expensive than 
those rich in carbohydrates. Protein has therefore had an additional 
value beyond the amount of total digestible nutrients it furnishes. 
However, this is not always the case. 

For example, in the cotton belt cottonseed meal is often lower in 
price per ton than farm grain. Also, in the alfalfa districts of the West 
alfalfa hay is frequently so cheap that it supplies total digestible nutri- 
ents at much less cost than the grains or other carbohydrate-rich feeds. 
During the past few years, even in the northeastern states, protein-rich 
concentrates have occasionally been decidedly lower in price than tlie 
farm grains. 

Whenever such conditions exist, the relative economy of various 
feeds will depend on the amounts of total digestible nutrients (or of 
net energy) that they furnish, and will not be affected by their content 
of digestible protein. It is therefore not correct under such circum- 
stances to use the constants given in the first and second columns of 
figures of Appendix Table VIII in comparing the values of various 
feeds. Instead, one should make such comparisons on the basis of the 
amounts of total digestible nutrients in each feed, as shown in Appendix 
Table I, or on the basis of the amounts of net energy, as shown in 
Appendix Table II. 

To facilitate comparisons of feeds on the basis of total digestible 
nutrients, there are given in the third column of figures in A])p(uidix 
Table VIII '‘total digestible nutrient factors.'' The method of using 
these factors is explained in the paragraphs that precede the table. 

287. Comparing the economy of various roughages.— Methods of 
comparing the relative values of various feeds, such as the method used 
in the preceding example, are much better adapted to comparisons of 
various concentrates than to comparisons of roughages. This is because 
such factors as palatability and the content of vitamins and minerals 
are often of great importance in determining the actual value of a 
roughage. 
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Thus a valuation on the basis of digestible nutrients, or even on 
the basis of net energy, may not measure at all the actual difference in 
feeding value between well-cured, green-colored hay and that which is 
weathered and bleached. The poor hay will, of course, be considerably 
lower in digestible nutrients and in net energy than the good hay. 
However, unless the stock get plenty of vitamin A from some other 
source, the poor hay may have a value much less than indicated by its 
content of digestible nutrients, due to its deficiency in this vitamin. 

While comparisons of various roughages can be made by using the 
constants in Appendix Table VIII, it must be remembered that such a 
method of evaluation may have great shortcomings for these feeds. A 
much safer basis for valuing roughage is provided by the information 
presented in the respective chapters of Parts II and HI, concerning 
the value and usefulness of the various roughages for the different 
classes of stock. 

II. Adapting Systems of Feeding to Local Conditions 

288. Amoulit of protein to supply. — It will be noted that in the 
Morrison feeding standards a range is indicated in the amounts of 
protein which are advised for the various classes of farm animals. 
When protein-rich feeds cost but little or no more than those low in 
protein, it is well to feed as much protein as is indicated by the higher 
figures. On the other hand, when corn or the other grains are relatively 
cheap, it may be better economy to .feed no more protein than called 
for by {he lower figures. Rarely is it advisable to feed decidedly less 
protein than shown in the lower figures. 

Whether or not to add a protein-supplement to certain rations will 
depend on the relative price of such a supplement in comparison with 
the prices of the farm grains. For example, it is shown in Chapters 
XXIX and XXXI T that corn and clover hay alone make a fairly well- 
balanced ration for fattening cattle or fattening lambs. However, the 
gains are usually slightly increased and a higher finish secured when a 
small allowance of some suitable protein supplement is added to the 
ration. Whether such addition will be profitable or not depends on the 
relative price of the supplement and on whether the market will pay 
an appreciably better price for the more highly-finished animal. 

When protein-rich feeds supply nutrients more cheaply than those 
carbonaceous in character, as is often the case in the cotton belt and 
the alfalfa districts of the West, it will be economy to feed much more 
than the amounts of protein set forth in the standards. (141) 

289. Proportion of concentrates to roughages. — To meet the rec- 
ommendations of the feeding standards for milk cows and for fattening 
cattle and sheep, fairly liberal amounts of concentrates are required. 
This is because thase animals need, for a high level of production, ra- 
tions rich in digestible nutrients and net energy. Unless concentrates 
are unusually high in price in comparison with roughages, it is generally 
advisable to feed as large a proportion of concentrates as is called for 
by the feeding standard. 

Young cattle and lambs cannot be made fat enough to meet the 
demands of the large markets on harvested roughage alone, even if it 




Beef Cattle on the Western Range 
In the range districts of the West pasturage is cheap, but concentrates are high 
in price. Hence beef cattle are raised on the range and sold as feeders to be fattened 
in grain raising districts. (From Breeder's Gazette.) 



Fattening Beef Cattle on Grass in the Corn Belt 
On high-priced land, with few acres unsuited for tillage, the stockman has gen- 
erally found it more profitable to fatten feeder cattle brought from the ranges than 
to raise his own feeders. 



* ^ A Poorly Planned Farm 

This dairy fann was poorly arranged for economical cultivation, for it was cut up 
into many fields, irregular in size and shape. There was no well-planned rotation 
system, and but little legume hay was grown. (From Wisconsin Station.) 



This shows the same farm as laid out by an expert in farm management. Fields 
III to VII are in the following definite 5-year rotation: First year, grain seeded to 
alfalfa; second year, alfalfia,; third year, alfalfa; fourth year, alfalfa; fifth year, corn. 
This rotation provides a well-balanced ration for the milk cows without much pur- 
chased feed, for there is plenty of legume hay. Note that the fields are of equal size 
and that they are large and so shaped that time is saved in tilling them. Fields I 
and II are permanently in hay and Field VIII is in permanent pasture. (From 
Wisconsin Station.) 
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is of excellent quality. On the other hand, little or no premium is paid 
on some local markets of the West for animals that have been well 
fattened by feeding them grain. Under such conditions it may not pay 
to feed any concentrates in addition to good hay or hay and silage. 

With dairy cows much depends on the productive capacity of the 
animal. Except when concentrates are unusually high in price, the 
cow of good productive capacity will pay for at least a fair allowance 
of concentrates. On the contrary, for a low-producing cow the most 
economical ration, when concentrates are relatively high in price, may 
be silage and legume hay with no concentrates whatsoever. 

The feeding standards for growing cattle are based upon continu- 
ous thrifty growth, and hence call for the feeding during wunter of a 
limited allowance of concentrates, unless a liberal amount of excellent 
roughage is fed. The breeder of pure-bred animals who wishes to 
develop the best there is in his young stock will feed sufficient concen- 
trates to keep them growing rapidly. On the other hand, the western 
ranchman may find it most profitable to carry young stock through the 
winter on I'oughage alone, or with but a very small allowance of con- 
centrates. Thus fed, they will gain in frame and, though losing in 
flesh, will be thrifty enough in the spring to make good gains on the 
cheap pasturage. 

It is a matter of great financial importance in stock farming to 
make a wise decision concerning the amounts of concentrates to feed 
the different classes of stock under varied conditions. This matter is 
therefore given especial consideration in Part III of this volume. 

290. When roughage is scarce. — Occasionally there is a serious 
shortage of roughage in some part of the country due to severe drought. 
Hay and other roughage may then be so high in price that digestible 
nutrients in roughages will bo much more expensive than digestible 
nutrients in grain and other concentrates. In some districts of the 
United States this was the* condition, for example, in 1934, on account 
of the serious and wide-spread drought in the North Central and Plains 
States. 

Under such conditions, it is most economical to increase the pro- 
portion of concentrates somewhat and to feed no more roughage than 
is necessary to provide sufficient bulk in the ration and a sufficient 
supply of vitamins. 

291. Finish animals to meet demands of the market. — The wise 
stockman will keep in close touch with the demands of the market and 
adjust his feeding operations accordingly. If the market pays a suf- 
ficient premium for thoroughly fattened animals he will finish his stock 
well before marketing them. On the other hand, on local markets which 
pay no more for a prime carcass than for one carrying less fat, it will 
not pay to prolong the fattening process or to feed as heavy an allow- 
ance of concentrates as is necessary to make the carcass ‘‘ripe,'' or 
thoroughly fat. 

292. Adapt type of farming to local conditions. — It is outside the 
field of this volume to discuss in detail the many factors which the 
stockman should take into consideration in deciding the type of live- 
stock husbandry in which to engage and the systems and methods to 
follow. The foregoing paragraphs serve to illustrate how the farm 
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operations an^d practices should be suited to local conditions, taking 
into consideration the prices of land and labor, the nearness to market, 
and the available crops. 

For example, the beef producer on high-priced land in the eastern 
part of the com belt will often crowd his calves to rapid growth on a 
heavy allowance of grain and fatten them as baby beeves. Perhaps he 
will raise no cattle, but fatten feeder steers from the western ranges on 
a liberal allowance of corn. 

On the other hand, in the West where pasture is cheap compared 
with grain, the ranchman will usually follow a much less intensive sys- 
tem of beef production. Even during the winter his breeding herd will 
be maintained as largely as possible on the range and will be fed har- 
vested feeds only when the range forage is covered by snow. Instead 
of fattening his steers for market, the ranchman will commonly sell 
them in the fall as feeder cattle, to be shipped to the districts where 
grain is cheaper. When he does fatten cattle, he will feed them chiefly 
on roughage^ with but a limited amount of grain. 

Dairymen producing market milk on high-priced land near large 
cities often use'only a minimum acreage of land for pasture, but instead 
may rely to a considerable extent on corn silage or soiling crops for 
feed during the summer months. They often buy most of the concen- 
trates for their cows, including grain as well as protein supplements. 
They do this because grain can be grown on land farther from market 
and shipped in at less expense than it may be possible to grow it on their 
farms. Such a system is not, however, economical for the dairyman 
remote from the large markets, whose milk is used in the manufacture 
of butter or cheese. Since with him land is relatively less expensive 
than labor, he must adopt a less intensive system of dairying, in which 
the herd is maintained chiefly on pasture in summer, and in which just 
as much as possible of the feed for the remainder of the year is pro- 
duced on the farm. 

293. Principles of successful livestock fanning not complex. — The 

reader will come to realize as he goes on in this book that, wliile there 
are no hard and fast rules for successfully managing livestock, a clear 
understanding of the principles of the nutrition of animals is essential 
to the highest success. This must be supplemented by good judgment 
and by a thorough knowledge of the farm animals themselves, which 
can only be gained by actual experience. He will further And that 
expensive buildings for housing stock and complex devices for feeding 
and caring for them are not necessary; that there arc no ‘‘best^^ feeds 
for all conditions; that elaborate and laborious preparation of feed is 
often wasted; that patent stock foods guaranteed to work miracles en- 
rich, not the farmer, but the manufacturer. 

On the other hand, he will come to appreciate that a proper balanc- 
ing of the rations for his stock not only benefits the animals, but also 
increases his profits. He will further realize that animal husbandry is 
generally most successful when combined with general farming and the 
raising of crops ; that it rests upon pasture lots which are well fertilized 
and upon tilled fields which are so managed that the fertility is main- 
tained and bumper crops are grown, a large part of which is marketed 
through the animals of the farm. 
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Having discussed in the preceding chapters the fundamental prin- 
ciples governing the rational feeding and care of the various classes 
of farm animals, let us now consider in detail the value of the many 
different feeding stuffs for livestock. 

QUESTIONS 

1. Using local prices for feeds, see if you can find instances where the market 

price of a feed docs not represent its actual feeding value compared with 
other feeds which are available. 

2. Give examples which show that the results of feeding experiments may be a 

much more reliable guide to the relative values of feeds for different classes 
of stock than the amounts of digestible nutrients the feeds supply. 

3. What difficulties are there in comparing the relative economy of various feeds 

on the basis of the cost per pound of total digestible nutrients and the cost 
per pound of digestible protein? 

4. How is the relative value of a feed determined by the Petersen method? 

5. Find the local prices of at least 3 farm grains and 5 protein supplements 

suitable for dairy cows. Then determine, by using the Petersen method, 
which of these feeds are actually the cheapest. Finally, work out the most 
economical concentrate mixture you can that will supply 16.0 per cent digesti* 
ble protein and be excellent for dairy cows. 

6. On what basis should feeds be compared when protein-rich feeds cost no more 

than those low in protein? 

7. Why are comparisons of the values of various roughages, based solely on 

digestible nutrients or net energy, less reliable than similar comparisons of 
concentrates? 

S, How would you adapt the amount of protein in the ration to local conditions? 

9. When would you feed less concentrates than called for in the feeding standards? 

10. Under what conditions arc beef calves fattened for baby beef? 

11. Discuss other ways in which you w’ould adapt your type of farming to local 

conditions. 


REFERENCES 

1. Hayden, Ohio Cir. 12S: Fraps, Texa.s Bu’s. .123. Texas Control Cir. O. 

2. Petersen, Jour. Dairy Sci., 15, 1U32, pp. 293-297 ; Petersen, Minn. Exten. Pamphlet 33. 



Part. II 


FEEDING STUFFS 

CHAPTER XI 
PASTURE AND HAY 
I. Factors Affecting the Value of Forage 

294. Importance of forage crops and pasture. — In discussing the 
nutritive properties and the uses of the various feeding stuffs in this 
volume, forage crops and pasture are considered first, on account of their 
outstanding impol1:ance in this country. For all classes of farm stock 
except swine and poultry, good forage, including pasturage, is the foun- 
dation for efficient production. 

Commonly, livestock are provided with what forage they will con- 
sume, and then are fed in addition whatever grain or other concen- 
trates they need to meet their specific requirements. Even for swine 
'and poultry, high-quality forage is important as a source of vitamins, 
minerals, and other nutrients. 

The value of pasture, hay, and other forage in the United States is 
shown clearly by the Census data. In 1930 there were on our farms and 
ranches 464,154,524 acres in pasture, out of a total of 986,771,016 acres 
of farm and ranch land. This does not include the vast areas of grazing 
lands* in the National Forests and other public lands of the West. In 
addition to the acreage of pasture, 82,467,990 acres were used for the 
production of hay, silage, and other forage crops, the total value of such 
forage being $1,186,000,000 for 1929. 

Before discussing the value and use of the various forage crops in 
the following chapters, it is important to consider the different methods 
of utilizing forage, and the factors that affect the nutritive value. 

295. Influence of stage of maturity on composition. — It is exceed- 
ingly important to understand fully the wfde differences in the composi- 
tion of young, immature plants and of the same plants when mature. 
Young plants are much more watery and lower in dry matter than those 
at later stages of growth; hence to find the true relative content of 
Tarious nutrients, it is necessary to make comparisons on the dry-matter 
basis. 

Immature, actively-growing plants are generally much richer in 
protein^ on the dry basis, than the same plants when usually cut for hay. 
Young, plants are also soft and tender, but become more woody as they 
mature, du^ to the increase in fiber. Their dry matter is therefore more 
digestible than that of plants whose growth is far advanced. In addition, 
young plants contain more calcium and phosphorus, on the dry basis, 
and are higher in vitamins, especially vitamin A. 

204 
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These differences in composition have been shown in numerous 
investigations and are clearly apparent in the data given in Appendix 
Tables I and V, for different crops at various stages of maturity. For 
example, young, actively-growing pasture grass from weU-grazed pas- 
tures contains an average of over 17 per cent protein when dried to a 
hay basis, while hay from mixed grasses, cut at the usual stage of ma- 
turity, has only about 7 per cent protein. Young legumes, such as clover 
and alfalfa, are even higher than the grasses in protein content. 

Dried pasture grass from fertile, closely-grazed pastures supplies 
64.7 per cent total digestible nutrients, in comparison with 51.7 per 
cent for mixed grass hay of good quality, cut at t^e usual stage of 
maturity. Likewise, the dried pasture grass from such pastures has, on 
the average, 0.66 per cent calcium and 0.29 per cent phosphorus, while 
mixed grass hay of good quality has only 0.48 per cent calcium and 0.17 
per cent phosphorus. 

296. Immature grass not a concentrate. — These figures show 
clearly that very young forage, such as immature pasturage on good 
pastures, is a protein-rich feed, and furthermore, that it is much higher 
in total digestible nutrients, on the dry basis, than most roughages. In- 
deed, with one important exception, the best of such immature forage is 
similar in composition and nutritive value to the protein-rich concen- 
trates, such as wheat bran, corn gluten feed, linseed meal, etc. 

This exception is that even young forage is somewhat higher in 
fiber, on the dry basis, than are these concentrates. Therefore it is 
correspondingly lower in total digestible nutrients and net energy than 
the concentrates. Consequently, although such forage is often called a 
protein-rich concentrate, it cannot fully take the place of concentrates 
in stock feeding. 

For example, dairy cows of high productive capacity need some 
concentrates in addition to excellent pasture, or their production will be 
reduced. Likewise, young beef cattle will not generally reach the same 
degree of fatness on pasture alone as they will when fed grain in addi- 
tion. In the case of pigs, the difference in the effects of young forage 
plants and of concentrates is still greater. This is because the digestive 
tracts of pigs do not enable them to eat a great amount of roughage. 
Even on the best of pasture as the only feed, pigs will not make normal 
growth, to say nothing about fattening. 

297. Utilizing the abundant protein in pasturage. — It is highly 
important in efficient stock feeding that full advantage be taken of the 
richness in protein of excellent pasturage and other immature plants. 
Since young pasture grass contains even more protein, on the dry basis, 
than alfalfa hay, it is obvious that animals on excellent, well-grazed 
pasture receive a liberal supply of protein. This fact is often entirely 
overlooked in stock feeding. 

For example, dairy cows on such pasture are often fed a concen- 
trate or grain mixture containing much more protein than is necessary. 
This does not increase their production, and it is usually decidedly 

uneconomical. , ^ 

298. Effect of rate of growth and season of the year.— Pasture 
grass is generally high in protein, on the dry basis, as long as it is kept 
growing actively and is prevented from heading out. Therefore proper 
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fertilization and good pasture management are important in producing 
pasturage rich in protein throughout as much of the season as is possible- 

The grass will usually be somewhat richer in protein in the spring 
and early summer when the growth is most rapid than later in the 
summer. If growth is decidedly checked in midsummer by drought, by 
a lack of available plant food, or by the hot weather, the protein con- 
tent of the grass will be decidedly lower than that of grass at the same 
stage of maturity earlier in the season.^ Often such pasturage will con- 
tain 12 to 14 per cent or less of protein, on the dry basis, in comparison 
with 16 to 18 per cent or more for rapidly-growing grass. 

If the grass resumes rapid growth in the autumn after the fall rains 
come, the protein content may be nearly as high as early in the season. 
In case the grass is allowed to head out and go to seed at any time, the 
protein content will be relatively low. 

299. Certain forage crops richer in nutrients when mature. — The 
only exceptions to the general rule that immature plants are lower in 
fiber and higher in total digestible nutrients, on the dry basis, than 
when mature, are such crops as corn, the small grains, the sorghums, and 
soybeans. In these crops large amounts of highly digestible nutrients 
are stored in the seeds as they approach maturity. Therefore the per- 
centages of total digestible nutrients are commonly higher when the 
seed has fully developed in such crops (considering both the seed and 
the stover or straw) than at an earlier stage. 

300. Effect of fr^uent cutting or grazing on yield. — When grasses 
are cut at frequent intervals throughout the season, as on a well-kept 
lawn, the total yield of dry matter is much less than when they are 
allowed to grow to the usual hay stage.^ This is because there is then a 
smaller leaf surface exposed to the sunlight. Therefore the production 
of carbohydrates through the action of sunlight on the chlorophyll of 
the leaves is decreased. The same effect is produced by close grazing 
of the crop. 

On the other hand, the total yield of protein during the season may 
be greater when the crop is cut frequently or grazed than when it is cut 
for hay. Also, since very immature plants are lower in fiber and more 
digestible than at the hay stage, the yield of total digestible nutrients is 
not reduced as much as the dry matter. 

The actual reduction in yield through frequent cutting or through 
grazing will depend on the kind of plants and also on other factors. The 
yield of tall-growing plants, such as alfalfa, red clover, alsike clover, 
orchard grass, and the ordinary kinds of timothy, is reduced much more 
than that of low-growing, spreading pasture plants, such as bluegrass, 
Bermuda grass, and white clover. In general, grasses cut at intervals 
of 2 to 3 weeks will yield only 50 to 65 per cent as mueh dry matter and 
60 to 75 per cent as much total digestible nutrients during the season as 
when they are harvested at the usual stage of growth for hay. 

When grasses are continuously grazed very closely by stock or are 
cut etery week, the yield is reduced much more than when they are 
grazed or cut at intervals of 2 to 4 weeks.* Also, under good pasture 
management and fertilization, this latter method does not greatly de- 
crease the protein content and digestibility of the grass, in comparison 
with weekly cutting. For this reason, as is pointed out later, the yield 
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of pasture is generally increased somewhat when a system of rotation or 
alternate grazing is practiced, instead of continuous close grazing on 
the same plot. (312) 

301. Influence of soil fertility on composition. — Not only is the 
yield of a forage crop dependent on the amount of mineral nutrients 
in the soil, but also its composition may be greatly affected. It has 
been pointed out in Chapter VI that grass or other forage grown on 
soils very deficient in phosphorus may be so low in this mineral that 
stock grazed on it suffer disastrously, unless supplied with a phos- 
phorus supplement. (160-164) 

Pasture grass on phosphorus-deficient soil may contain only 0.10 
per cent phosphorus on the dry basis, in comparison with 0.20 to 0.40 per 
cent or more for that from fertile pastures. Legume forage is also much 
lower in phosphorus content than normal when grown on phosphorus- 
deficient soil, but the content does not usually drop to quite such a low 
level as in the case of the grasses. However, most legumes are exceed- 
ingly sensitive to a lack of this mineral nutrient and do not thrive or 
yield well unless there is an ample supply of phosphorus. 

The percentage of calcium in non-legume forage crops is greatly 
reduced when the crops are grown on soil deficient in calcium. However, 
the calcium content is not often so low that livestock suffer from a lack 
of calcium in pasture grass and other forage. (161) While the percent- 
age of calcium in legume forages depends to some extent on the calcium 
content of the soil, they are always relatively high in the mineral. When 
the soil is too deficient in calcium, the legume crop will not thrive, but 
the small amount of forage produced will be fairly high in calcium. 

It has been pointed out in Chapter VI that in a few sections there 
is such a deficiency of iron in the soil that cattle on pasture may suffer 
seriously from a lack of this mineral. (173) Likewise, in certain dis- 
tricts the forage and the water are so deficient in iodine that goiter in 
stock may be produced. (172) 

The yield of non-legume forage crops often depends largely on the 
amount of nitrogen in the soil. However, the protein content of forage 
crops is not affected by the supply of soil nitrogen to any such extent 
as the supply of soil phosphorus or calcium changes the amounts of 
these minerals. 

In the case of the grasses, the protein content at immature stages of 
growth is usually increased materially by nitrogenous fertilization, unless 
the soil is already well supplied with nitrogen. This increase may be 
sufficient to add appreciably to the feeding value of grass pasture or 
early-cut grass hay. Also, nitrogen fertilization increases the palatabil- 
ity of the grasses. 

Proper inoculation and also liming, when necessary, not only in- 
crease the yield of alfalfa and other legume forages, but in addition 
make them richer in protein.^ If such crops are well inoculated wth the 
proper bacteria, nitrogenous fertilization will not produce much increase 
in the percentage of protein in the plants. In New Jersey experiments 
the protein content of com silage was not appreciably increased by 
nitrogen fertilizers.® 

Grass grown in partial shade, as in open woods, not only produces 
much less forage than that fully exposed to sunlight, but also is less 
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palatable to stock. This is probably because it contains less sugars and 
starch,® 

302. Early-cut hay richer in protein and more digestible. — ^Early- 
cut hay is much richer in protein and also is higher in total digestible 
nutrients than that which is cut at a late stage of maturity. Even a 
slight difference in time of cutting may make a considerable difference 
in the actual feeding value, especially in hay from the grasses. 

For example, it is shown in Appendix Table I that timothy hay cut 
in early bloom contains an average of 7.6 per cent protein and 51.6 
per cent total digestible nutrients. In comparison with these amounts, 
timothy hay cut in full bloom contains 6.2 per cent protein and 
48.0 per cent total digestible nutrients, and that cut from late bloom 
to early seed, only 5.8 per cent protein and 44.4 per cent total digestible 
nutrients. 

Similarly, alfalfa cut before bloom contains 19.0 per cent protein, in 
comparison with 14.9 per cent for that cut when one-tenth to one-half in 
bloom, and 14.0 per cent for the thrce-fourths-bloom to full-bloom stage. 
The importance of cutting hay reasonably early is discussed further in 
the following chapters, especially with reference to alfalfa, clover, and 
timothy. 

303. Improvement of grass hay by nitrogenous fertilization. — Un- 
less the soil is already unusually rich in available nitrogen, the applica- 
tion of a nitrogenous fertilizer to a grass-hay meadow will not only make 
a large increase in yield, but also it will commonly make an appreciable 
increase in the percentage of protein in the hay. For example, on 15 
New York farms the application of a commercial nitrogenous fertilizer in 
the early spring to old timothy fields increased the yield of hay 1,065 
lbs., or 35 per cent, in the first cutting, and also resulted in much more 
aftermath.^ The hay from the nitrogen-fertilized fields, cut in early to 
full bloom, contained 9.4 per cent protein, while that from the plots not 
fertilized with nitrogen, cut at the same stage of maturity, contained 
only 8.0 per cent. 

It is pointed out in later chapters that such early-cut grass hay from 
nitrogen-fertilized land closely approaches legume hay in feeding value 
per ton for dairy cows and other stock. Where alfalfa, clover, or other 
good legume hay crops thrive, obviously they are superior to grass hay, 
since they aid in maintaining soil fertility and also usually produce 
larger yields than the grasses. 

304. Mature, weathered forage may be of low value. — In the semi- 
arid range districts stock get most of their feed during the winter or 
during the dry season by grazing on forage which has matured and 
dried. Mature grass is always relatively low in protein, and if it is 
weathered by exposure to rains, there will be a large loss of nutrients 
through leaching. ^ Also, the vitamin A value is destroyed by the ex- 
posure to the sunlight and by the weathering. Where there is little or 
no rainfall after the grass matures, much less loss through weathering 
will Occur, and the dried mature grass may furnish satisfactory feed 
for stock. 

Weathered, mature forage resembles straw in composition and feed- 
ing value, being very low in protein, vitamin A, calcium, and phos- 
phorus.® It is also lacking in palatability and is low in digestibility. 
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When badly weathered, the forage may not even furnish sufficient nutri- 
ents for body maintenance. If stock receive no other feed, they may 
suffer severely from the lack of these nutrients. For example, it was 
found in California studies that, on account of the lack of vitamin A, 
cattle or sheep which had only such weathered forage for long periods 
might be unable to produce normal, strong offspring, or might them- 
selves suffer from deficiencies. (186) 

Some forage plants lose much less nutrients by weathering than 
others. For example, the wire grasses and sedges of the West often fur- 
nish much more nutritious winter feed than other grasses. Also, bur 
clover furnishes good feed even when mature, and winter fat (sometimes 
called white sage) and some of the true sages have a high feeding value 
in winter. 

II. The Utilization and Improvement of Pasture 

306. Economy of pasture. — Good pasture generally supplies the 
cheapest and most economical feed for cattle, sheep, and horses during 
the growing season. Even for swine, pasturage is an important means 
of reducing the cost of feeding. This is in spite of the fact, already 
discussed in this chapter, that the yields of dry matter and total digest- 
ible nutrients are usually reduced when grasses and other hay crops are 
pastured, in comparison with their yields for hay. 

The difference in yield is much more than offset by the greater ex- 
penses for labor, seed, and machinery in planting, tilling, and harvesting 
forage crops. In well-managed permanent pasture the annual expense 
is reduced to a minimum. 

The economy of pasture is well shown in studies conducted by the 
United States Department of Agriculture in seven dairy districts of 
this country.® In these areas pasturage furnished nearly one-third of 
the total nutrients consumed by the milk cows during the year, but the 
cost' of the pasturage was only one-seventh of the total annual feed cast. 
In similar studies on 478 corn-belt beef farms, the breeding cows ob- 
tained practically all their feed from pasture for 200 days of the year. 
While the pastures furnished a little more than one-half the total feed 
for the whole year, the cost of pasture was only one-third of the annual 
feed bill. 

On dairy farms in southern Indiana pasture furnished total digest- 
ible nutrients at 27 per cent of the cost of harvested feeds, although 
each acre of pasture produced only one-half as much actual feed per 
acre as an ordinary yield of corn or legume hay on the same land.^® 

306. Importance of pasture improvement. — In spite of the domi- 
nant place that pasturage occupies in livestock production in this coun- 
try, the improvement of permanent pastures has received little attention 
until the past few years. All too commonly, farmers made little effort to 
increase the productivity and value of their pastures. If the soil was 
fertile and the summer rains were timely, their stock thrived during the 
season. On the other hand, if lack of fertility or drought cpsed a 
serious shortage of feed in midsummer, the returns from their stock 
were much decreased. 

During recent years, experiments and demonstrations on pasture 
fertilization and management have been conducted by most of the agri- 
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cultural colleges and experiment stations and also by other agencies. 
In addition, much excellent work has been done abroad. The results of 
these studies show convincingly that in most localities a great improve- 
ment can readily be made in the productivity of pastures, and that wise 
expenditures for this purpose are usually highly profitable. 

It is outside the scope of this volume to discuss in detail the fer- 
tilization and management of pastures under the various conditions 
throughout the country, or to review the results that have been secured 
in the numerous pasture investigations. All that can be done is to sum- 
marize briefly certain of the most important findings. For further in- 
formation the reader is referred to the publications of his state experi- 
ment station or agricultural college, or to those of the United States 
Department of Agriculture.^^ 

307. Pasture improvement through proper grazing. — In any plan 
of pasture improvement, proper management of the pasture is essential 
for good results. The chief objects of such management are: (1) To 
keep the plants growing actively over as long a period as possible, so 
they will provide palatable feed of high nutritive value; and (2) to 
encourage the growth of desirable grasses and legumes, while crowding 
out weeds, brush, and inferior grasses. In general, the protein content 
of pasturage depends much more on proper management than on fer- 
tilization. 

It is pointed out later in this chapter that in the semi-arid districts 
it is important not to graze the range pastures so closely that the plants 
fail to develop seed occasionally. On the other hand, in humid districts 
much better results are usually secured when the pasture is so managed 
that the grasses do not head out and go to seed. 

Both under-grazing and over-grazing should be avoided. If the 
plants mature, the forage becomes unpalatable and of low nutritive 
value. Also the new growth is diminished, and what there is may be 
wasted, because stock will refuse to eat the mature grass along with it, 
imless impelled by hunger. In addition, if the grasses grow so high as 
to shade the low-growing white clover, they will drive it out. Weeds, 
brush, and coarse grasses are, moreover, apt to gain a foothold when the 
pasture is grazed insufficiently. A good rule for maintaining a uniform 
turf is to graze the pasturage all down closely at least once a year. 

Over-grazing throughout the season will reduce the yield. Also it 
will weaken many of the best pasture grasses, because there will be no 
opportunity for the plants to store reserve nutrients in their roots.^^ 
Injury is especially apt to result if heavy grazing is begun before suf- 
ficient growth is made in the spring, and if the fall growth is grazed so 
closely that no cover is left for winter protection. 

The stock should be turned on the pasture in the spring just as soon 
as the plants have made sufficient growth and the soil is firm enough to 
stand trampling. If grazing is delayed longer, it may be impossible, 
during the period of rapid growth which follows, to prevent much of 
the gr^ from becoming too mature. 

306. Other points in pasture management. — ^Even when the pasture 
is properly managed, the stock are apt to graze unevenly, and some of 
the grass will head out and then will not be eaten during the rest of the 
sea^. If the land is not too rough or stony, it is wise to mow all such 
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spots at least once a year at the usual hay-making thne or before, to get 
rid of the old grass and to encourage new growth. It is especially im- 
portant to cut all weeds and brush. 

The field will be grazed more uniformly if more than one kind of 
stock is pastured on it. Rotating two or more species of stock not only 
helps to control grazing, but also aids in reducing the trouble from 
internal parasites. 

Stock will not graze the rank rings of grass around piles of drop- 
pings in the pasture, unless forced to it by hunger. Therefore in heavily- 
stocked cattle or horse pastures, there is considerable wastage of feed 
unless droppings are spread at least once a year with a harrow or other- 
wise. 

For efficient use of the pasture, it is important to provide a good 
supply of water and also shade. Since stock on good pasture spend 
much of their time in the shade, if it is available, fertility is conserved 
when shade trees are located at the top of a slope, instead of at the 
bottom of the slope or on the banks of a stream. 

If the pasture is very weedy and has only a small proportion of 
desirable forage plants, it is usually best to plow and reseed it, unless 
it is too rough or stony. Improvement by fertilization and management 
alone may be unduly slow. 

309. Pasture fertilization. — Pasture fertilization is of two general 
types. The first is fertilization with phosphorus and perhaps with cal- 
cium or potassium, if these minerals are necessary. The purpose of this 
type of fertilization is not only to increase the growth of the grasses, but 
especially to increase the proportion of white clover and other legumes* 
The legumes are relied upon as the source of additional nitrogen. The 
second type of fertilization is the more intensive system in which some 
nitrogenous fertilizer is also applied, in order to produce the maximum 
yield of nutrients per acre. 

The choice between the two systems will depend, first of all, on the 
amount of pasturage already available. Where the area is limited and 
there is need for the greatest possible amount of feed over a long pasture 
season, the second system will naturally be followed. On the other hand, 
where the pasture acreage is large, the first method should generally be 
followed on most of the area, perhaps with more intensive fertilization 
on a small separate pasture to provide early grazing. An intensive 
system of fertilization generally has much greater advantages and is 
more profitable for high-producing dairy cows than for other classes 
of stock. 

310. Fertilization without nitrogen. — On most pastures lacking in 
fertility throughout the United States, the first need is for phosphorus. 
On such soil, phosphorus fertilization greatly increases the yield and the 
nutritive value of the grasses. Also, if grazing is properly managed, it 
will increase the proportion of legumes. However, the latter result will 
not be secured when the grasses grow up so tall that they shade the 

legumes too much. , . o -t • 

Under good pasture management with this system of fertilization, 
the white clover often forms a dense mat over much of the pasture. This 
not only furnishes excellent feed over a long season, but also aids in 
keeping the soil temperature lower in hot weather than in a sod of pure 
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grass.^* As a result* the growth of the grass is increased, for most grasses 
grow best at moderate temperatures. 

Whether or not it will be advisable to apply lime or potash under 
this system of fertilization, will depend entirely on the supply in the 
soil. Superphosphate and the other common phosphorus fertilizers fur- 
nish calcium as well as phosphorus. Also, the pasture grasses and such 
legumes as white clover, lespedeza, yellow trefoil, and bur clover will 
thrive in a soil much more acid and lower in lime than will alfalfa, red 
olover, or sweet clover. 

311. Intensive pasture fertilization. — Soil and crop experts differ 
greatly in their opinions on the use of commercial nitrogen fertilizers 
and of farm manure on pastures. Except in the case of pastures having 
a large proportion of legumes, the application of nitrogen will, without 
question, produce a large increase in yield. Furthermore, it will result 
in earlier growth in the spring, so that grazing can begin one to two 
weeks earlier. This is important, as it shortens the expensive bam- 
feeding period. On account of these benefits, nitrogen fertilization should 
usually be included, in any intensive system of pasture development. 

Liberal fertilization with nitrogen is apt to decrease the proportion 
of legumes, as it greatly stimulates the taller growing grasses. However, 
many farmers are able to keep a goodly proportion of white clover in 
such a pasture by careful management of the grazing and proper fer- 
tilization with phosphorus. 

Sin^e most of the effect of commercial nitrogen fertilizers is secured 
in the first season, annual applications are usually made early in the 
spring. Such fertilization produces earlier pasturage and usually re- 
sults in a much greater yield. However, it does not generally aid in 
supplying more feed during the scant pasture season of midsummer. 

In seasons of ample rainfall throughout the summer, the growth 
during this period can be increased by one or more later applications of 
nitrogen. However, there is often insufficient rainfall during midsummer 
in the northern states to gain any great advantages from this method. 
Therefore it is generally better to rely on supplementary grazing crops 
or other feed for this season. 

When more farm manure is available than is needed for the crop 
land, it is an excellent nitrogenous fertilizer for pasture, when properly 
used. The manure should be applied in the fall or by early spring and 
the entire field must be covered uniformly. Otherwise, during the first 
season the stock are apt not to graze on the manured portion. Phosphate 
should be applied along with the manure, as manure is much richer in 
nitrogen than in phosphorus. 

312. Rotation or alternate grazing; the Hohenheim system. — If the 

animals are kept on a single pasture throughout the season, it is often 
difficult to secure uniform grazing of all areas. Also, the yield of forage 
is usually less than when a system of rotation or alternate grazing is used. 

In such a system, there are two or more separate fields which are 
pastured in succession. After each area is grazed down, the animals are 
removed, and the forage is allowed to grow up to a height of 4 to 6 
inches, before it is grazed again. Most of the feed is therefore eaten 
when it is rich in protein and digestible nutrients, and before it becomes 
less palatable. If the rainfall is abundant and the grass grows so fast 
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the stock cannot graze it all, one of the areas should be cut early for hay, 
to prevent the bad effects of under-grazing. This plan will provide 
pasture during the midsummer season. 

Additional fencing is required under this system, and each plot 
must be accessible to a water supply. This can often be provided best 
by having the plots open into a common lane, where water is available. 
If it is necessary to go to much extra expense to adopt this system, it is 
doubtful whether the outlay will be warranted, except under an intensive 
system of pasture fertilization, such as the Hohenheim system, described 
later. 

Though the yield of forage is increased by rotation grazing, the 
increase is not generally large. For example, in experiments in western 
Washington on excellent pasture the estimated production of total digest- 
ible nutrients in the forage was only 9 per cent greater on pastures 
grazed in rotation by dairy cows, than with continuous grazing.^* The 
cows on the rotated pasture also produced only 9 per cent more milk 
than those on the continuously-grazed area. 

This system is of especial value for high-producing dairy cows, 
which must secure a great amount of nutrients each day to maintain their 
production. Rotation grazing is also important for sheep, as it aids in re- 
ducing infestation with stomach worms and other internal parasites. 

In the most intensive system of pasture utilization, rotation grazing 
is combined with liberal fertilization, including applications of nitrogen 
fertilizers each spring. Often nitrogen* is also applied during the grow- 
ing season to keep the forage growing rapidly over as long a period as 
possible. This system is often called the ‘^Hohenheim system,'' from the 
Hohenheim Agricultural College in Germany, where it was developed. 
The system is most frequently used for dairy cattle. 

In this system the pasture is divided into 4 to 8 paddocks, about 
equal in size, and often the herd is divided into two or more groups. 
The first group, consisting of the cows in milk, are pastured first for a 
few days on each plot in succession, thus getting the most liberal supply 
of forage. Then the dry cows and the heifers are turned into the plot 
to complete the grazing. Sometimes the cows in milk are divided into 
two groups, and the high producers grazed first on each plot. 

In this system it is important to distribute the droppings by harrow- 
ing at least once a year. Also, a plot should be mowed whenever neces- 
sary to prevent the grass going to seed. Even under this system, it is 
difficult to provide ample forage on the pasture area itself during mid- 
summer. Therefore, additional grazing should be furnished at that time, 
if necessary, by a field that has been cut early for hay, by Sudan grass 
pasture, or otherwise. 

Experiments with this system in this country have shown that the 
yield of nutrients can often be increased 2 to 4 times over that on un- 
fertilized pastures grazed by ordinary methods.^® The cost of such a 
system of fertilization and management may seem considerable, but 
where the pasture area is limited, the method yields large net returns, 
on account of the saving of other feed. For example, in New Jersey 
trials over a five-year period, the annual cost of fertilizer was $13.52 
per acre in this intensive system, but the additional forage produced 
by the fertilization saved $39.27 per acre in bam feeding.^® 
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When the moisture supply is ample, the greater part of the nitrogen 
in the annual application is recovered that same year in the additional 
high-protein forage produced. Thus, in Wisconsin tests .the recovery 
•was 80 per cent dr over.^^ Liberal nitrogenous fertilization does not 
greatly increase the amount of inorganic nitrogen compounds in the 
grass, or of other compounds simpler than the proteins. In the Wisconsin 
tests, 72 to 77 per cent of the total nitrogen was protein, and most of the 
remainder consisted of the simpler organic-nitrogen compounds, such 
as amino acids. 

313. Bange management and improvement. — While it is generally 
best in humid districts to graze pastures sufficiently close so that the 
grasses do not go to seed, the conditions are entirely different on the 
western ranges.^® On account of the limited rainfall, care must be taken 
■ there not to over-graze the land. Otherwise, the desirable forage plants 
■will be killed and only those left which are relatively unpalatable and 
of low value. Also, the land will then be much more subject to injury 
by erosion. 

To produce the most feed, the grasses must have a chance to form 
seed at least every 3 or 4 years, and the following spring the young 
seedlings should be given a chance to grow. No range should be grazed 
in the spring until the grass has made sufficient growth and the soil is 
reasonably dry. Poisoning of stock often results from forcing the animals 
to graze the. scanty growth too early, for some of the poisonous plants 
start growth earlier than the grasses or other good forage and are there- 
fore eaten, when they would otherwise be left untouched. 

The range should not be grazed so heavily that the forage is injured 
badly by trampling or unduly close cropping. Otherwise, not only will 
the grasses and other herbaceous plants be destroyed, but also the 
shrubby browse ■will be injured, which forms a large part of the feed 
on some of the mountain ranges. Watering places should be developed 
close enough together to avoid over-grazing near the water supplies. 
Salting the stock at certain places will aid in relieving areas that are 
being injured by too close grazing. In normal years, when the stock 
come off a range, it should be in good condition and with some feed left. 

Through improper management and unrestricted grazing, the carry- 
ing capacity of many of the ranges has been seriously reduced. Where 
a range has been thus injured, reseeding may sometimes be advisable. 
More commonly, methods are used in which the grazing on part of the 
area is deferred until after the grasses have matured seed. The follow- 
ing year, another area is similarly treated. This method of deferred 
and rotation grazing usually increases the carrying capacity of the 
range, unless the pasturage is already better than the average.** The 
great improvement that results from controlled grazing and proper man- 
agement has been abundantly demonstrated in the National Forests, 
where the grazing is under very definite regulation. 

III. Ha'T-Makino 

814. Importance of hay. — Throughout the temperate regions hay 
from the grasses and legumes is the most important harvested roughage 
for livestock. The value of the hay crop in the United States is shown 
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by the fact that in 1933 there were made 65,852,000 tons of tame hay 
and 8,633,000 tons of wild hay from a total of 66,144,000 acres. This 
hay had an estimated total value of $578,279,000. In 1934 the total 
yield was considerably below normal, on account of the severe drought, 
but the value of the crop was increased to $724,520,000. 

Many millions of dollars are lost each year by farmers through 
lack of sufficient care in hay-making and also because they do not under- 
stand certain of the principles involved in the process. In addition, it 
is estimated that the yearly losses in this country through farm fires 
eaused by spontaneous combustion have been as high as $30,000,000.*® 
The greater part of this huge loss is due to the storage of hay when it 
contains an unsafe amount of moisture. To avoid such losses and to 
prevent possible disaster to his buildings, it is highly important that 
every farmer understand clearly the processes that occur in hay-making. 

315. Objects in hay-making. — The primary object in hay-making 
is to reduce the water content of the green plants enough so that the hay 
can be safely stored in mass without undergoing pronounced fermenta- 
tion or becoming moldy. This object must be accomplished in such a 
manner that the hay is not bleached unduly by exposure to sun and 
weather, that it is not leached by rain, that the loss of leaves is kept at 
a minimum, and that the hay does not become moldy. 

316. Importance of quality in hay. — High-quality hay is leafy ; it 
is not made from plants cut at too late a stage of maturity ; it is green 
in color ; the stems are soft and pliable ; it has but little foreign material, 
such as weeds and stubble; it is free from mustiness or n^old; and it has 
an attractive fragrance typical of the particular crop from which it is 
made. Such hay is much more nutritious and also more palatable than 
that which is deficient in these characteristics. Indeed, there may be 
much more difference in feeding value between good and poor hay of 
any particular kind than there is between the different kinds of hay 
made from the common hay crops. 

The Federal hay grades, by which hay is sold on the larger markets 
in the United States, are based on the above qualities.*^ Any person 
who produces hay for such markets should familiarize himself with these 
grades, for the price paid for any lot of hay depends strictly on the 
quality as indicated by the Federal grade. 

In the following paragraphs the various factors in hay-making are 
discussed and the various methods are explained by which high-quality 
hay is produced. 

317. Reduction in water content. — At the stages of growth when 
usually cut for hay, most legumes contain 70 to 75 per cent water or 
more, and most grasses 60 to 75 per cent. For the hay to keep safely in 
bam or stack the water content must be reduced at least to 25 per cent,** 
and preferably to not more than 22 per cent if it is to be stored in a 
large mass. Hay containing more moisture than this when stored is apt 
to undergo pronounced fermentation and become very hot. The value 
may be greatly decreased due to mold or to the losses of nutrients which 
occur in the extensive fermentations. Also, there is always grave danger 
of spontaneous combustion when hay is stored with too high a moisture 
content. 

It is a common belief that it is safer to store hay with a high mois- 
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ture content when this is due to the moisture content of the plants, than 
when the hay has been dampened by rain or dew. It is not wise to rely 
much on this as a factor of safety. The only safe way to avoid serious 
loss is not to store any hay when it is too high in moisture, no matter 
what the cause. 

It is somewhat difficult to estimate the water content of hay by 
feeling of it, but experience will soon enable one to know when hay is 
well cured. Alfalfa or clover will usually be dry enough for storage 
when the leaves are thoroughly dry and the stems show only a slight 
toughness when twisted, but with no trace of sap exuding. In excellent 
curing weather the hay may appear drier than it really is, especially 
if cured chiefly in the swath. This is because the leaves will be dry and 
brittle, while the stems are still too high in moisture. 

If it seems wise, because rain is threatening, to haul hay to the bam 
before it has reached the desired dryness, it should be spread out well 
in a mow to a depth not greater than about 3 to 5 feet. Especial care 
should be taken not to leave any large, compact masses where the hay 
falls from the .hay fork or sling. If possible, such hay should not be 
covered with other hay until it has cured out somewhat in the mow. 

318. Losses of nutrients in hay-making. — Some nutrients are always 
lost in the field-curing of hay, but under favorable conditions this loss 
is not large. However, the wastage may be great unless proper care is 
taken. These losses are not due to the mere drying out of the forage 
plants. Experiments have shown definitely that the drying of green 
grass or other green forage at ordinary temperatures does not reduce its 
^gestibility.^^ Also, when plants are dried without any bleaching or 
fermentation, they retain a high content of the vitamins that are of 
importance in stock feeding. 

The losses in nutritive value that occur in hay-making are: (1) 
Mechanical losses of leaves and other finer parts by shattering; *(2) losses 
of vitamins by bleaching and fermentations; (3) losses of carlDohydrates 
by fermentations; and (4) losses of soluble nutrients by leaching, in 
case of heavy rains. 

319. Losses by shattering. — The losses by shattering of the leaves 
and other finer parts during hay-making are highly important, especially 
in the case of the legumes. The leaves of alfalfa, for example, contain 
two to three times as high a percentage of protein as the stems. Also, 
the leaves are much richer than the stems in minerals and vitamins and 
are lower in fiber. Therefore the proportion of leaves is one of the 
important factors in determining the feeding value of any particular 
lot of hay. 

Unless great care is taken, the losses of leaves are apt to be espe- 
cially great in the making of alfalfa hay in dry climates. Thus in Colo- 
rado tests, when the conditions were unfavorable and the hay was handled 
carelessly, half the total weight of the alfalfa and a much larger part of 
the feeding value was lost.^* Even under favorable conditions the loss 
ambunted to 350 lbs. of leaves and stems for each ton of alfalfa hay 
taken off the field. By the methods descidbed later, the losses by shat- 
tering can be reduced to a minimum. 

320. Losses of vitamins.— While the drying of forage plants arti- 
ficially may not cause any great loss in the vitamin A value (carotene 
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content), there is always considerable destruction of carotene in the field 
curing of hay, even under the best of conditions. However, as has been 
shown in Chapter VI, well-cured hay is still one of the best sources of 
vitamin A among the roughages available for the feeding of stock under 
barn conditions. (188) When the hay is badly bleached in curing, the 
losses of vitamin A are serious. Thus, alfalfa hay of No. 3 Federal grade 
contains only about one-eighth as much vitamin A, on the average, as 
that of No. 1 grade. Some samples of such hay contain practically no 
vitamin A. 

In general, the amount of vitamin A in hay is proportional to the 
greenness in color. Good green-colored hay is always rich in the vitamin, 
and straw-colored or brown hay very poor in it. The wide difference in 
vitamin A content of hay is naturally of especial importance when 
legume hay is used as a vitamin supplement, as in the feeding of swine 
and poultry not on pasture. 

Fortunately, the exposure of green hay plants to the direct sunlight 
in the ordinary curing process increases the vitamin D content, instead 
of decreasing it. Therefore hay cured with reasonable exposure to the 
sun is always a good source of this vitamin. 

321. Losses by fermentations. — Even under favorable conditions 
the usual curing of hay in the field is not merely a simple process of 
drying. Fermentations take place in which some of the organic nutrients, 
especially the sugars and starch, are oxidized into carbon dioxide and 
water, thus being lost. Also, fermentation has a very destructive effect 
on the carotene in hay. If the weather is favorable and the hay is 
cured by proper methods, without undergoing pronounced heating, the 
losses by fermentation will be relatively small. 

On the other hand, when extensive fermentation takes place, as in 
the production of brown hay, the losses are much larger than many 
realize. As is shown later, in the making of brown hay 40 per cent of 
the total dry matter may be lost through oxidation into carbon dioxide, 
water vapor, and other gases, (333) Similar losses occur when hay 
suffers from extensive heating and molding in the windrow or cock. 
These fermentations not only waste the carbohydrates but also largely 
destroy the vitamins in the hay. 

322. Losses by leaching. — ^If hay that is already nearly cured is 
exposed to heavy and prolonged rain, especially when it is in the swath, 
severe losses may occur through leaching. For example, in a Colorado 
test in which alfalfa hay was exposed to 3 rains, aggregating 1.8 inches, 
there was a loss of 31 per cent of the dry matter.^® The loss in nutritive 
value was even greater than this, for the fiber is not dissolved by rain, 
but the more soluble parts are leached out. In this test 60 per cent of 
the protein and 41 per cent of the nitrogen-free extract were lost on 
account of the rains. 

Unless the rain is so heavy that the hay is thoroughly soaked and 
washed by the rain, important losses by leaching will not occur. In 
Nebraska experiments with alfalfa hay, exposure to a rainfall of an inch 
did not lower the protein content, though the rain of course injured the 
color of the hay and prolonged the time required for curing.*® For this 
reason the losses Will be much less, even in a heavy rain, if the hay is in 
cocks or good-sized windrows than if it is in the swath. 
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323. Modern hay-making methods. — ^Extensive investigations have 
been conducted recently by several experiment stations to determine the 
best methods of making hay, especially legume hay.” In these the object 
htw been to produce high-quality hay, leafy and green in color, with a 
minimum of labor. These experiments have supplied information of 
much value to farmers on the principles of efficient hay-making. In par- 
ticular, these investigations have shown that many common beliefs are 
apparently not true. 

324. Curing hay in swath and windrow. — ^Hay dries much more 
rapidly in the swath than in a windrow, even if the windrow is small and 
loose. However, claims are often made to the contrary. The larger the 
windrow is, the slower will be the curing, and the rate is still slower 
in cocks. 

Though hay cures with maximum rapidity in the swath, it is not 
advisable to cure it entirely there, except perhaps with grass hay in 
cool, dry weather. When curing is completed in the swath, the leaves 
become dry and brittle long before the stems have dried out sufficiently 
for safe storage. With legume hay, especially alfalfa, a heavy loss by 
shattering of the leaves will then take place when the hay is raked and 
handled. Also, the prolonged exposure of most of the leaves to the sun- 
light will bleach the hay and destroy much of the vitamin A. 

On the other hand, if the green forage is raked into a windrow, even 
a small, loose one, immediately after it is mowed, an unduly long time 
will be needed for curing, except in a very dry climate. Fermentation 
and molding may occur, which will seriously damage the hay. Moreover, 
in humid climates such slow curing greatly increases the risk of damage 
from rain. 

For reasonably rapid curing and the production of high-quality 
hay, it is usually best to let the crop lie in the swath for a few hours 
after mowing, until it is well wilted, or about one-fourth to one-third 
cured. Then it ^ould be raked into small, loose windrows, preferably 
with a side-delivery rake. If good weather continues, the curing should 
be completed in the windrow and the hay hauled to the bam or stack 
directly from the windrow. To avoid serious loss of leaves in very dry 
climates, it may be necessary to handle the hay only early in the morning 
before it has become too dry. 

When the weather is such that the hay cures rather slowly, it may 
be advisable to turn the windrows partly over in a few hours, in order to 
hasten the curing. Turning may also be necessary if the hay is wet by 
- rain when in the windrow. 

It is a common belief that the windrows made by a side-delivery 
rake cure more rapidly than those made with a dump rake. This is 
probably only because they are usually smaller. In Nebraska tests there 
was apparently no difference in rate of curing in windrows made by the 
two methods when they were of the same size.” The hay tedder was 
formerly often used to hasten the curing of heavy cuttings of hay in 
the swath. In recent years this has been largely abandoned, because 
it tends to shatter the leaves of legume hay. 

3M. Onring hay in cooks. — ^Not many years ago it was generally 
advised that when the b^ quality of hay was desired, regardless of ex- 
pense, it should be put in good-sized, well-made cocks as soon as it had 




Later, the Grasses and Cereals Are Lower in Protein 

When the grasses and cereals have headed out, the percentage of protein, 
on the dry basis, is much lower than at early stages of growth. Hereford cattle 
on rye pasture which has headed out. 



Storing Alfalfa Hay That Is Leafy, but Dry Enough for Safety 

To secure full feeding value from a legume hay crop, it must be cured so 
that the hay will be leafy and green-colored, yet it must be dry enough when 
stored to prevent molding or serious heating. 
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dried enough so it would not heat or mold. This method of curing pre- 
serves the color and vitamin A content, but it involves too much labor 
for use when there is any considerable acreage of hay. Also, in a humid 
climate there is much risk of damage from rain before the cocks dry out, 
unless one goes to the further considerable expense of covering the cocks 
with hay caps. Therefore the cocking of hay has become much less gen- 
eral than a few years ago. 

However, it is probably wise to cock hay sometimes as an emergency 
measure to lessen damage from rain. Hay is injured most by heavy rain 
when it is nearly dry enough to store. Therefore, if there is every pros- 
pect of a hard storm at that time, it is a good plan to hurry and put the 
hay into large, well-made cocks; Unless the rain is unusually heavy, 
these will not wet through, there will be practically no loss from leach- 
ing, and the color and vitamin A content will be largely preserved. 

When the weather clears and the outside of the cocks has dried, it 
may be necessary to open them somewhat to dry out the interior before 
the hay is hauled. 

326. Do leaves aid in the curing process? — It has been a common 
belief that, as long as the leaves remain alive, the evaporation of water 
from them pulls water from the stems, thus helping to dry out the stems. 
This has been given as a reason for raking the hay into windrows with a 
side-delivery rake before the leaves have been killed by drying. A large 
proportion of the leaves would then be inside the windrows, where they 
would be protected from rapid drying, and they would aid in curing 
the stems. 

Investigators who have recently studied this matter differ in their 
opinions concerning the importance of this factor.^® In some of the 
experiments the stems have apparently dried about as fast when the 
leaves have been removed from the plants as when they were attached, 
even though the wounds were sealed with paraflSn, so no loss of sap 
could occur through the wounds. 

Even though the leaves may not aid materially in removing water 
from the stems, it is highly important for the other reasons which have 
been mentioned to rake the hay into windrows after it is well wilted 
in the swath. 

327. Time of day to mow hay. — There has been much discussion 
concerning the best time of day to mow hay. The experiments on this 
question show that when there is a dew, mowing should not start in the 
morning until it has dried off. In Ohio tests the amount of water from 
dew still on legume hay crops at 7 o^clock a.m. sometimes actually 
amounted to more than one-fourth of the green weight of the plants.^® 
Mowing at that time would greatly delay the curing process. 

After the dew has evaporated, there is no advantage in waiting 
longer before mowing, in the hope that the sunlight will reduce the 
water content of the growing plants by afternoon. Unless the soil is so 
dry that the plants wilt, they will contain nearly as much water in the 
afternoon, even in hot weather, as in the forenoon. 

328. Good equipment reduces cost and increases quality.— Proper 
equipment for efficient hay-making not only greatly decreases the labor 
cost, but also is important in improving the quality of the hay. The 
value of the side-delivery rake in the rapid curing of hay has already 
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been pointed out. It is just as advantageous to have efficient machinery 
that will make it possible to store the hay rapidly as soon as it is dry 
enough. If this is not done, some will become too dry and a serious loss 
of leaves may result, or the hay will be bleached and its value thereby 
lessened. 

329. Hauling and storing hay. — On most farms in the central and 
eastern states, hay is loaded on wagons and hauled to the barn for stor- 
age. When the hay is cured in the windrows, a hay loader is nearly 
essential, at least on large farms, to save labor and increase the speed of 
haying. At the barn the hay is generally unloaded with a hay fork or 
hay sling and mowed away. Care should be taken to distribute the hay 
well in the mow and not leave it in large, compact masses where it falls 
from the fork or sling. Such masses are especially apt to heat, if the 
hay is not thoroughly dry. 

Good judgment should be used in putting the various kinds and 
qualities of hay in a place where they will be available when wanted, 
and not be covered with other hay. On a dairy farm, it is a mistake to 
put all the latcrcut hay on top of the higher-quality, early-cut hay. If 
this is done, the cows may drop off severely in production in the fall 
when they get only the poorer hay. 

There is considerable difference of opinion as to whether the 
sprinkling of salt on hay that contains a rather high percentage of 
moisture will aid appreciably in preventing molding or undue heating.^ ^ 
Many farmers use 10 to 20 lbs. of salt per ton of such hay, believing 
that the hay is then more apt to be of good quality. However, the salt- 
ing of hay is no insurance against spoilage or even against spontaneous 
combustion if the hay is much too damp. Too great reliance on salting 
may, in fact, be dangerous. The only safe plan is not to store hay in a 
bam unless it is dry enough for safety. 

In the dry climate of the West most of the hay, even alfalfa, is 
stacked in the fields. Where hay is made on an extensive basis, it is 
usually hauled to the stack with a push or sweep rake, and then stacked 
with some type of mechanical stacker. Especially in dry climates, the 
hay is sometimes baled directly from the windrow or cock. 

Windrow pick-up balers have recently been developed which bale 
hay directly from the windrow. To cure satisfactorily, the hay must 
not be too moist when baled and it must not be packed too tightly in 
the bales. The bales are piled under cover with air spaces between 
them, or in arid climates may be placed on end in the field. As the 
handling of the hay is reduced to a minimum by this method, the maxi- 
mum of leaves is saved in such a hay as alfalfa. 

330. Chopping hay into the baam.— Recently some farmers have 
adopted the system of chopping the hay as it is hauled from the field, in 
a special hay cutter or a silage cutter, which blows the chopped hay 
into the bam. In the semi-arid districts the hay is sometimes similarly 
chopped and stacked in the open. The chopped hay occupies only one-half 
to one-third as much space as long hay, and thus barn storage space is 
saved. However, care must be taken not to overload the joists of the 
bam when this method is used. Chopped hay is convenient to feed, and 
especially in the case of hay of inferior quality it is eaten with less 
wastage. 
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The relative cost of chopping hay into the bam and of the usual 
methods of storing it will depend on several factors, especially the ar- 
rangement of the bam. Generally the cost of storing it by chopping 
will be little or no higher, where sufficient hay is raised to justify the 
expense of the cutter.®^ 

In spite of some statements that have been made to the contrary, it is 
dangerous to store chopped hay in a mow or a stack when it contains 
more moisture than would be safe in the case of uncut hay. On the con- 
trary, for safe storage chopped hay should contain less moisture than 
might be permitted in uncut hay. In Ohio tests chopped hay heated more 
than uncut hay, when stored with the same water content.^* Dry chopped 
hay should not be put on top of hay that is somewhat damp, or dan- 
gerous heating may result. 

Chopped hay should not be stored in ordinary silos, unless it is con- 
siderably dryer than would be necessary in the case of uncut hay stored 
in a mow or stack. Otherwise it is apt to heat greatly and it may 
even char. 

331. Ventilated hay-storage structures. — There has recently been 
considerable interest in the storage of hay in ventilated hay mows and 
other structures, and a special type of ventilated hay -storage stmcture 
has been developed in this country. Tests at the Wisconsin and New 
York (Cornell) Stations indicate that to keep properly in such strac- 
tures, chopped hay must be practically as dry as would be necessary if 
it were to be stored uncut in an ordinary mow.®* 

332. Aids in curing hay. — Especially with such crops as cowpeas 
and peanuts, which are thick stemmed and succulent, devices are often 
used, under unfavorable weather conditions, to allow the air to penetrate 
the cocks. The simplest is the perch, which is a stake about 6 feet high 
with cross arms 2 to 3 feet long. This is driven into the ground so that 
the cross arms do not touch the earth, and the green or partly-cured 
plants are then piled on the frame so as to make a tall, slender cock. 

A somewhat more elaborate device, the pyramid, consists of 3 or 4 
legs joined at the top and sometimes shaped so they can be driven firmly 
into the ground. This permits making a larger cock with an air space in 
the interior. Other frames combine the characteristics of the perch and 
the pyramid. Often such crops as cowpeas are stacked before thorough 
curing, rails supported at the ends being used to separate the stack into 
layers with air spaces between. 

In districts with heavy rainfalls during the haying season, as in 
some sections of the South, the hay is often stacked in the field on cheap 
two-wheel trucks or on sleds, when dry enough to cock.®® It is then 
covered with canvas or muslin covers and allowed to stand until 
thoroughly cured. When dry, the hay is drawn directly to the bam or 
baler on these trucks or sleds. 

A machine has recently been developed in which the forage is passed 
between rollers after it is cut by the cutter bar of a power mower, to 
crush the stems and hasten the during. After the crushing, the hay is 
dropped to the ground and cured in the usual manner. 

Soybean hay is often difficult to cure by the usual methods, because 
it is cut late in the season, when the weather is cooler and rains are 
frequent. If too many weeds are not present, soybean hay can be cut 
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with the grain binder and cured satisfactorily in small shocks, especially 
if harvested when the seeds are well developed.*® 

333. Brown hay. — ^When weather conditions render it impossible 
to make good hay by the usual methods, the crop is sometimes made into 

brown hay.'^ The forage is allowed to wilt thoroughly (until the 
water content has been reduced to about 50 per cent) and then is well 
packed in piles or a stack. 

Extensive fermentation soon takes place in the damp mass and con- 
siderable heat is developed. If the process proceeds satisfactorily, the 
temperature should not exceed about 175 °F.*^ The heat drives off the 
water in the mass and at length it becomes dry. In the fermentations a 
considerable part of the dry matter in the hay is oxidized and converted 
into carbon dioxide, water vapor, and other gaseous products. These 
losses may be as high as 40 per cent of the total dry matter.*® In addi- 
tion, the digestibility of the hay is generally decreased, especially of the 
protein. 

The forage must not be too dry when stacked, or it cannot be 
packed firmly enough to prevent extreme heating and possible charring 
or burning. If the forage is too moist, it will spoil or be converted 
into stack silage. On account of these dangers and also because of the 
great loss of nutrients, the method cannot be recommended under usual 
conditions. 

The product .will vary in color from dark brown to nearly black, 
depending on the extent of the fermentation. The darker the color the 
lower will be the feeding value. Brown hay of good quality has an 
aromatic odor and is well liked by stock. It is probably very low in 
vitamins, and should therefore not be used as the only roughage for 
stock throughout the entire winter. Brown alfalfa hay of good quality 
has been about equal to good green-colored alfalfa hay for fattening 
steers and fattening lambs in Kansas and Utah tests, but black hay was 
of little value.*® For dairy cows brown alfalfa hay was distinctly 
inferior to green-colored alfalfa hay in Kansas experiments.^® 

334. Spontaneous combustion. — If hay or other dry forage con- 
taining too much moisture is put into a mow or stack, rapid fermenta- 
tions take place in which a large amount of heat is produced. In a 
large mow or stack most of this heat is retained in the mass, causing a 
rapid rise of temperature. In these fermentations highly unstable or- 
ganic compounds are apparently formed which are readily oxidized.^^ 

At temperatures of 150® to 175® F. all bacteria or molds are killed 
or made inactive, but the oxidations continue, and the mass may become 
extremely hot. Finally, the hay begins to char and at a temperature 
of from 300® to 400® F. spontaneous combustion may occur and the 
mass burst into flames. This generally happens a month or six weeks 
after the hay is stored, but it may occur sooner. 

The only way to avoid such loss is never to store hay in a large 
mass unless it is thoroughly cured. If hay in a mow or stack heats 
imduly a day or two after storing, and pungent odors, with much vapor 
and gas, are given off, it should be removed at once and spread out to 
dry. Removing the hay later may only hasten spontaneous combustion. 
All that can usually be done then is to compact the hay as much as 
possible and cover it with other material, so as to keep the air out. 
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In some instances compressed carbon dioxide gas from the containers 
used in soda fountains has been introduced into the mow through a 
pipe to reduce the heating and prevent fire. 

To avoid spontaneous combustion the following points should be 
given attention: The hay should be well distributed in the mow, as 
has been pointed out previously. After the crop is placed in the barn 
no water should be permitted to fall on it, as from leaks in the roof. 
Stacks should never be built on old, rotten stack bottoms. Baled hay^ 
grain in the sheaf, or other heavy material should not be put on 
top of hay in a mow which is going through the sweat, for it will 
prevent the escape of heat and gases. Crops upon which rain has fallen 
should receive extra care, and should not be housed until completely dry. 

336. Measurement and shrinkage of hay. — Farmers, ranchers, and 
hay dealers buy and sell large quantities of hay in the stack according 
to the estimated weight. The stack is measured and the volume and 
tonnage are then computed by one of several rules in common use. The 
density of the hay and therefore the number of cubic feet required per 
ton are alfected by many factors. Hay that was stored when slightly 
damp will \)e more compact than that which was very dry. The coarse- 
ness of the hay also affects its density. 

The following rules are recommended by the United States De- 
partment of Agriculture for estimating the tonnage of hay in stacks 
from the volume in cubic feet:^^ For hay 30 to 90 days in the stack, 
485 cubic feet per ton for alfalfa; 640 for timothy and timothy mixed 
hay; and 600 for wild hay. For hay over 90 days in the stack, 470 
cubic feet per ton for alfalfa ; 625 for timothy and timothy mixed hay ; 
and 450 for wild hay. The same approximate figures may be used for 
hay in a mow. 

The volume of hay in a mow can readily be computed, but it is 
more difficult to determine the volume of a stack. Different rules for 
estimating this have been used in various sections of the country. The 
following are recommended by the United States Department of Agri- 
culture after much investigation on the subject:*® 

The volume of a rectangular or oblong stack in cubic feet is: 

For low, round-topped stacks : (0.52x0) — (0.44xW) x W x L. 

For high, round-topped stacks : (0.52x0) — (0.46xW) x W x L. 

For square, flat-topped stacks : (0.56x0) — (0.55xW) x W x L. 

The volume of a round stack is: (0.04x0) — (0.012xC) x C®. 

In these formulas 0 is the ‘‘over’’ (the distance from the base on 
one side of the stack, over the stack, and to the base on the other side) ; 
W is the width ; L is the length ; and C is the circumference of a round 
stack, or the distance around it. In measuring a round stack the 
‘‘over’' should be measured in two positions, at right angles to each, 
other. 

Hay stored in the mow will shrink in weight, due to drying out 
and also to fermentations taking place during the sweating process, in 
which nutrients are broken down into carbon dioxide and water.** The 
shrinkage will vary, depending on the water content of the hay when 
placed in the mow, and may reach 20 per cent or over. When hay is 
stacked the shrinkage is greater, since the outside of the stack is 
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exposed to the weather. A stack 12 feet in diameter has about one- 
third of its contents in the surface foot. 

336. Artificial drying of hay or other forage. — Recently various 
driers have been developed for the artificial drying of hay crops or 
other forage, and this new method has attracted much attention. The 
green forage is commonly first chopped in a hay cutter or silage cutter 
and then passed through the drier. Here it is exposed by various 
methods to a current of hot air or a mixture of hot air and gases from 
an oil burner or furnace. Sometimes the green material is partly dried 
in the field to reduce the cost of dehydrating it. 

Though the temperature of the hot gases may be 600® F. or more, 
the forage itself does not become so hot as to be injured in a good 
drier. This is due to the cooling effect produced when the water 
evaporates from the plant tissues. In this method there is no loss of 
leaves, and therefore a maximum yield of dry matter and of protein 
and other nutrients is secured. Also, the green color is preserved, and 
the hay is of a very high market grade. 

Such dehydration does not materially lower the digestibility, in 
comparison with the fresh green material, if the temperature is not 
too high. (116) Otherwise, the digestibility may be decreased com 
siderably, especially that of the protein. 

Experiments have shown that the artificially-dried, or dehydrated, 
hay is much higher in vitamin A value (carotene content) than that 
which is sun-cured in the field.^® Even in favorable hay-making weather, 
field-cured hay usually contains only one-half to one-fifth as much 
vitamin A as dehydrated hay. The content of vitamin E is also greater 
in the dehydrated hay.^® 

On the other hand, dehydrated hay is generally much lower than 
sun-cured hay in vitamin D, as are all green plants before they are 
exposed to the sun during field-curing.^^ Sometimes dehydrated hay 
contains practically no vitamin D. Therefore it cannot be relied on as 
a vitamin D supplement in stock feeding, as for swine in winter. 

On account of the large cost of the hay driers, the considerable 
amount of fuel required to dehydrate each ton of hay, and the power 
required in the process, the cost of drying hay artificially is much 
higher than that of curing it in the field. For these reasons, the method 
will probably have very limited use in sections where good hay can be 
made by ordinary methods. 

In certain regions where rains are frequent during the summer, 
much of the field-cured hay is seriously damaged, in spite of good 
management. Thus Snell estimates that in certain areas of Louisiana 
from 40 to 60 per cent of the hay is damaged by rain, considerable of 
it being a total loss.^® Also, much forage that could be made into hay 
is never harvested on account of the heavy rainfall. Under such con- 
ditions either the dehydration of hay or ensiling it offers especial 
advantages. 

337. Feeding experiments with dehydrated' hay.— But few experi- 
ments have yet been reported in which the actual feeding value of 
dehydrated hay for the various classes of stock has been determined in 
comparison with that of field-cured hay made from the same crop. The 
datii available show, as would be expected, that the dehydrated hay 
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has a higher valu^ per ton than field-cured hay when fed as part of 
the usual ration. 

In several Pennsylvania experiments with dairy heifers dehydrated 
alfalfa, red clover, timothy, and mixed timothy-and-clover hay have 
been directly compared with field-cured hay from the same field.^® The 
dehydrated hay was more palatable, and the heifers made more rapid 
gains on it, when equal weights of the two kinds of hay were fed. 

A Louisiana test shows that dehydrated hay, even though it is of 
high value, cannot serve as a complete substitute for concentrates in 
feeding dairy cows.°® When fed a good concentrate mixture as a sup- 
plement to pasture, cows produced 20 per cent more milk than when 
fed dehydrated soybean hay as the pasture supplement. In other 
Louisiana trials dehydrated soybean hay was much superior to field- 
cured soybean hay for fattening steers.®^ However, the field-cured hay 
was of poor quality, containing over 45 per cent fiber. This was due to 
difficulty in curing it, because of frequent rains. 

In Wisconsin tests dehydrated pea-vine hay from a canning factory 
was equal to field-cured alfalfa hay for dairy cows and dairy heifers.®* 
However, it did not produce quite as rapid gains on fattening lambs 
as did the alfalfa hay. 

It is perhaps not safe to feed dehydrated hay as the only roughage 
for a long period of time, without pasture during the growing season. 
This is indicated by the results of Missouri tests in which dairy heifers 
were fed only on alfalfa hay, either dehydrated or field-cured, from 
the time they were yearlings until they had calved.®® The heifers fed 
the field-cured hay had normal calves, but all except one of those fed 
the dehydrated hay produced dead or weak calves. Similar results 
were also secured with rabbits. 

The heifers were housed in an open shed and were exposed to 
sunlight in an exercise yard, and therefore should not have suffered 
from a lack of vitamin D in the dehydrated hay. In fact, they showed 
no indications of rickets. Perhaps some unknown nutritive factor had 
been destroyed in the dehydrated hay which was still present in that 
which had been field-cured. 

338. Dehydrated young forage not a concentrate. — On account of 
the high nutritive value of young grasses and legumes, experiments 
have been conducted to determine whether such forage, when dehy- 
drated, could be used satisfactorily as a substitute for grain and other 
concentrates. 

Appendix Table I shows that dried grass from frequently-clipped 
plots contains, on the average, 18.0 per cent protein and only 20.1 per 
cent fiber, in comparison with 28 to 30 per cent fiber for most hay. 
The dried grass is considerably more digestible than hay and supplies 
64.7 lbs. total digestible nutrients per 100 lbs. However, it is lower 
than most concentrates in total digestible nutrients and especially in 
net energy. 

In Vermont and Washington experiments the production of good 
dairy cows was well maintained when dehydrated young grass was 
substituted for part of the concentrates usually fed.®* However, when 
the dehydrated grass replaced all the concentrates, and the usual 
amounts of hay or hay and silage were fed, the production was reduced. 
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The ration was then so bulky that the cows could not consume sufficient 
nutrients to keep up the maximum milk flow. 

In a Vermont test cows fed a reduced amount of hay and silage, 
with a large allowance of dehydrated grass (greater than the weight 
of concentrates usually fed), produced as much milk as on a normal 
ration of concentrates, hay, and silage.®® The dehydrated grass was also 
satisfactory as a silage substitute. 

On account of the high cost of harvesting the immature grass at 
frequent intervals and of dehydrating the watery material, the use of 
such dehydrated grass as a substitute for concentrates does not appear 
to be practicable under ordinary conditions. 

QUESTIONS 

1. Discuss the influence of stage of maturity of forage crops on per cent of protein 

in the dry matter, on content of calcium and phosphorus, and on amount of 
vitamin A. 

2. Why will immature forage, such as pasture grass, not fully take the place of 

concentrates in livestock feeding ? 

3. What is the effect of rate of growth and season of year on protein content of 

grass, on the dry basis? 

4. State three forage erops which are richest in nutrients when mature, and t(‘ll 

why this is so. 

5. What is the effect of frequent cutting or continuous close grazing upon the yield 

of dry matter by pasture or hay crops? 

6. Discuss the influence of soil fertility on the composition of forage crops, 

considering content of protein, phosphorus, and calcium. 

7. What is the effect of early cutting on the protein content and digestibility 

of hay ? 

8. In what respects may grass hay be improved by nitrogenous fertilization? 

9. Discuss the composition of mature, weathered grass, and the effects ui)on stock 

receiving only such feed. 

10. Why is pasturage usually the most economical feed for cattle, sheep,, and horses 

during the growing season? 

11. Discuss the importance of pasture improvement. 

12. State the essentials of proper grazing management for the improvement of 

pastures. 

13. Explain the two general types of pasture fertilization. How would you decide 

which system to use on a particular farm? 

14. Discuss the fertilization of pastures without the use of a nitrogen fertilizer. 

15. What are the two points of view with reference to nitrogenous fertilization of 

pastures? Under what conditions would you fertilize a pasture with nitrogen? 

16. Discuss the use of manure on pastures. If it is used, what precaution must be 

taken, so that stock will eat the grass the first season? 

17. What are the benefits from rotation grazing? 

18. Describe the intensive system of pasture fertilization, called the Hohenheim 

system. 

19. What methods can be used for providing feed to supplement short pasture in 

mid-summer? Discuss the advantages or disadvantages of: (a) Annual spring 
fertilization, with nitrogen and later applications of nitrogen during the 
season; (b) growing special emergency pasture crops, such as Sudan grass; 
(c) grazing second-crop growth on hay meadows, where hay has been cut 
early; (d) use of silage or hay, 

20. In what respects does the improvement of a range in the West differ from the 

improvement of pastures in a humid district? 
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21. What are the objects in hay-making? 

22. State 7 qualities that good hay should possess. 

23. How can you tell when hay is dry enough to put in the bam? 

24. Discuss the following losses of nutritive value in hay-making, and tell how each 

can be minimized: (a) By shattering; (b) by fermentation; (c) by leaching. 

25. How can you tell whether a given sample of hay is high or low in vitamin A 

value ? 

26. How would you cure hay, where there is a considerable acreage, so as to keep 

the losses of vitamins at a minimum, to produce hay of a high protein content, 
and to reduce other losses? 

27. Under what conditions may it be wise to put hay in cocks? 

28. Discuss the hauling and storage of hay. 

29. What precautions are necessary when hay is chopped into the barn as it is 

hauled from the field? 

30. What special methods may be used in curing hay under unfavorable conditions? 

31. Why is not the making of brown hay advisable under usual conditions? 

32. How may losses through spontaneous combustion of hay be reduced to a minimum ? 

33. Discuss the artificial drying of hay, particularly with reference to the vitamin 

content and general nutritive value. 

34. What is the relative vitamin D content of field-cured and artificially-dried hay? 
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CHAPTER XII 
SILAGE AND SOILING CROPS 
I. Silage and the Silo 

339. Importance of silage. — In most of the leading stock-farming 
districts of the United States silage is one of the very important feeds.* 
According to the Census, in 1929 there were grown on 379,364 farms 
in this country a total of over four million acres of corn for silage, and 
the acreage had increased to 4,565,000 acres in 1935. This does not 
include the large acreage of sorghums grown for silage and the acreage 
of other silage crops, exact figures for which are not available. 

The widespread use of silage in this country is easily explained 
when we consider the following advantages which it offers in livestock 
feeding : 

1. Over the greater part of the United States either com or the 
sorghums surpass other forage crops in actual yield of total digestible 
nutrients per acre. Alfalfa is the only close competitor in yield of 
nutrients, and then only for areas well adapted to its growth. Com 
or sorghum forage may readily be made into silage of excellent quality, 
and a far greater feeding value is secured when these crops are used 
for this purpose than when they are fed as dry fodder or when the 
grain is removed and the grain and stover are fed separately. The use 
of silage therefore permits the keeping of more stock on a given area 
of land. 

2. At a low expense silage furnishes high-quality succulent feed 
for any desired season of the year. For winter feeding, silage is far 
cheaper than roots and is just as efficient a feed, except possibly in the 
case of animals being fitted for shows or milk cows on advanced registry 
test. For summer feeding, silage furnishes succulent feed with less 
bother and expense than do soiling crops. 

3. In the case of such crops as com and the sorghums, which almost 
invariably make good silage, there is a smaller loss of nutrients in 
making silage than usually occurs when the forage is cured as dry 
fodder or hay. 

4. Silage, even from plants with coarse stalks, such as com and 
the sorghums, is eaten practically without waste. On the other hand, 
a considerable part of dry com or sorghum fodder is usually wasted, 
even if it is of good quality. 

5. Crops may be ensiled when the weather does not permit of 
curing them into dry fodder. In some sections of the South it is almost 

•The first experimental silos built in the United States for investlgrations on silage 
were erected in 1881 by W. A. Henry at the University of Wisconsin and by 
I. P. Roberts at Cornell University in New York. Through their pioneer experi- 
ments and those of F. H. King at the University of Wisconsin, the value of silage 
was first called prominently to the attention of the farmers of the United States. 
It is of Interest that Wisconsin still leads in number of silos, with New York 
second. 
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impossible to preserve the corn crop satisfactorily as grain and stover, 
on account of .the humidity and also because rodents and weevils cause 
great loss in the stored grain. 

Also, in some districts, particularly in the South, frequent heavy 
rains make it exceedingly difficult to produce hay of good quality. 
Preserving the crop as silage avoids these difficulties. 

6. Weedy crops which would make poor hay may produce silage 
of good quality, the ensiling process killing practically all the weed 
seeds present. 

7. The product from a given area can be stored in less space as 
silage than as dry forage. A cubic foot of hay in the mow, weighing 
less than 5 lbs., contains not over 4.3 lbs. of dry matter. An average 
•cubic foot of com silage from a 30-foot silo, weighing about 39.0 lbs., 
will contain 11.0 lbs. dry matter, 6r over 2.5 times as much. Dry com 
fodder takes up even more space per pound of dry matter than hay. 
In climates where it is necessary to store corn fodder under cover this 
may be an added reason for the use of the silo. 

8. When the corn or sorghum crop is ensiled, the forage is removed 
from the land early, so that it may be prepared for another crop. 

9. In sections where there is considerable damage from the Euro- 
pean com borer, it is important to bear in mind that cutting the stalks 
<;lose to the ground and then ensiling the crop is one of the best methods 
of controlling the pest and lessening the damage. 

340. Value and use of silage. — On account of the importance of 
silage for feeding dairy cattle, beef cattle, and sheep, its value and use 
for these classes of stock and also for horses and mules are discussed 
in detail in the respective chapters of Part III. Information is also 
presented in the following chapters on each of the important silage 
crops. 

Apart from the nutrients it contains, good silage has certain de- 
sirable qualities not possessed by most dry roughages. It is highly 
palatable, and therefore stock will usually eat more roughage on the 
dry basis when fed both silage and hay or other dry forage than when 
receiving only dry feed. This will often make possible a considerable 
saving in the amount of concentrates required for good production. 

Silage made from corn, the sorghums, and most other crops is also 
slightly laxative. This effect is especially advantageous when little or 
no legume hay is available. If cattle or sheep are fed only dry non- 
legume roughage during the winter they are apt to become constipated 
and unthrifty. 

Occasionally the statement is still made that on account of the 
acidity of silage injurious effects are produced when stock are con- 
tinuously fed liberal amounts. This statement is entirely unfounded. 
The organic acids in silage are similar to those normally produced in 
the digestive tract of ruminants in the digestion of the fiber and 
pento^sans of the feed through bacterial action. These acids are utilized 
by the animal for food in the same manner as are the sugars. 

Experiments by the Ohio Station have shown conclusively that the 
feeding of large amounts of com silage continuously for long periods 
to dairy cows does not tend to produce acidosis, or any other undesira- 
ble condition. (183) In fact, com silage and other com forage have 
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a residual alkaline effect on the body, just opposite to a condition of 
acidosis. In the making of silage by the A. I. V. method that is 
mentioned later, mineral acids are added to the green forage as it is 
ensiled. (347) Ground limestone or some other form of calcium 
carbonate should be fed with such silage, to neutralize the mineral 
acids. 

Silage is used most extensively for the feeding of dairy cattle^ 
especially dairy cows. Cows will generally produce more milk on a 
ration containing both silage and good hay than they will when only 
dry roughage is fed- The only exception is when they have an abun- 
dance of excellent legume hay of considerably better quality than the 
average. Silage is particularly important for milk production when 
the dry roughage available is rather inferior. 

Silage is just as useful and economical for beef cattle and sheep 
as it is for dairy cows. In fact, as is pointed out in Chapter XIV, 
the value per ton of well-matured com silage for fattening cattle or 
sheep is even slightly higher, in comparison with that of hay, than it 
is for dairy cows. Silage aids in keeping beef breeding cows and 
breeding ewes in thrifty condition during the winter, as well as being 
a cheap feed for them. Good silage may also be used in a limited way 
with idle horses and those not hard worked in winter, especially brood 
mares and colts. 

Spoiled, moldy silage should always be discarded, and special care 
taken to feed no such material to sheep or horses, which are much 
more easily affected by it than cattFe. Silage which is unusually sour 
may cause digestive disturbances with sheep. For all animals, only as 
much silage should be supplied as will be cleaned up at each feeding. 
Care should be taken to remove any waste, for it spoils in a short time 
on exposure to the air. Frozen silage must be thawed before feeding. 

The amounts of silage commonly fed per head daily to the various 
classes of stock are about as follows: Dairy cows, 30 to 50 lbs. for 
those in milk, with somewhat less for dry cows; dairy heifers, 12 to 
20 lbs. ; beef breeding cows, 30 to 50 lbs. ; fattening 2-year-old steers, 
25 to 30 lbs. at the beginning of the fattening period, the allowance 
decreasing as they fatten until only 10 to 15 lbs. are fed; fattening 
calves, from 10 to 20 lbs. at the beginning of the feeding period to 
8 to 10 lbs. or less during the latter part; brood mares and idle horses, 
15 to 30 lbs.; breeding ewes, 2 lbs. per 100 lbs. live weight (sometimes 
more is safely fed) ; fattening lambs, 1.5 to 3.0 lbs. 

341. Silage for summer feeding. — Many farmers who fully appre- 
ciate the value of silage for winter feeding do not realize its value for 
supplementing dried-up pastures in the summer. It is also economical 
as a partial substitute for pasturage on high-priced land where all the 
stock possible must be kept per acre. It is pointed out later in this 
chapter that silage is generally a much cheaper and more satisfactory 
feed than green soiling crops for these purposes. (366) 

Silage can be used for summer feeding only if enough animals are 
fed to use 2 inches or more of silage daily from the entire surface of 
the silo, to keep it from spoiling. 

342. Cost and economy of silage. — The experiments with dairy 
cows, beef cattle, and sheep, which are reviewed in Part III, show 
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clearly that much more economical and efficient feed is furnished when 
a com or sorghum crop is ensiled than when it is fed as dry fodder. 
There is, however, considerable argument as to whether silage is actu- 
ally a cheaper stock feed than good hay. 

In this connection the table in the following chapter is of special 
interest, since it shows the average yield of digestible nutrients per 
acre for the United States from corn silage, alfalfa hay, clover hay, 
and mixed hay or timothy hay. (368) This table shows that corn 
silage, with an average yield of 7.28 tons per acre, exceeds all these 
hay crops in average yield of total digestible nutrients. 

Com silage furnishes more than twice as much digestible nutrients 
per acre as timothy or timothy-and-clover mixed hay, and 65 per cent 
more .than red clover. Only alfalfa even approaches it in yield of 
digestible nutrients per acre. These facts are of great importance to 
the farmer who desires to produce as much feed as possible on his farm. 

The following table presents the results of cost accounting records 
on farms in various states in which the relative cost of com silage and 
of the common-kinds of hay has been determined. In considering these 
data it should be borne in mind that on the farms where all of the 
land was not adapted to alfalfa, this crop was probably grown on the 
fields best suited to it. The average yield of corn silage bn the par- 
ticular Wisconsin farms included in the studies was considerably lower 
than the state average, and the cost per ton was therefore high. 


Yield and cost pet ton of corn silage and hay 



1 Iowa* 

1 Wiscon.sint 

New 

York: 

Yield 
per acre 

Cost 
per ton 

Yield 
per acre 

Cost 
per ton 

Yield 
per acre 

Cost 
per ton 


Tons 

Dollars 

Tons 

Dollars 

Tons 

Dollars 

Cora silage 

8.2 

3.95 

5.66 

5.35 

9.7 

4.86 

Alfalfa hay 

2.5 

13.69 

2.48 

7.85 

2.3 

10.31 

Clover and 







timothy hay 

12 

11.84 

1.73 

9.71 

1.6 

10.90 


•Hopkins, Iowa Bui. 261. Data for 1925-27. 

tMcNall and Ellis, Wis. Re.s. Bui. 83. Data for 1922-24. 

tFindlen, N. Y. (Cornell) Exten. Bui. 318. Data for 1931-33. 


On the Iowa farms the cost per ton of corn silage was only one- 
third that of hay or less, while on the Wisconsin and New York farms 
the cost of silage was somewhat higher in proportion to that of hay. 
The experiments summarized in Part III show that for dairy cows com 
silage is worth 33 to 40 per cent as much per ton as good legume hay, 
and for b^ef cattle or sheep one-half as much per ton. 

It might be concluded from these data that it is not economical 
to feed com silage to dairy, cattle when the cost per ton is more than 
40 per cent as much as that of good hay. However, other factors must 
be considered than merely the relative- costs per ton as determined in 
cost-accounting studies. First, all labor is valued at a uniform price 
per hour in. such studies, regardless of whether it is in a rush season 
or not. When both com silage and hay are produced, the demand for 
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labor is distributed much better than when only hay is used for winter 
roughage. Therefore the need of extra hired labor during hay-making 
may often be avoided. 

Growing a cultivated crop, such as corn or sorghum, in the rotation 
may have a special value for the control of weeds. 

In humid sections a considerable part of the hay crop will usually 
be injured by rain, in spite of good management. It cannot be assumed 
therefore that the average hay actually fed on stock farms is of a high 
market grade. Much of it is, in fact, decidedly inferior. On the other 
hand, corn or sorghum silage is generally of high quality, if even 
moderate care is taken in ensiling the crop. 

Last, but not least, it is often difficult in humid sections to cure, 
without serious damage from rain, a large acreage of hay before it 
becomes too mature. This difficulty is much greater when hay is the 
only roughage than if silage is also produced. 

Considering all these factors, it seems reasonable to conclude that 
silage is an economical feed for cattle and sheep over most of the 
United States. However, in the irrigated alfalfa districts of the West 
there are many areas in which the cost of producing high-quality alfalfa 
hay is very low in comparison with the cost of silage. In these areas 
the hay is decidedly more economical as a feed. Hay is also more 
economical than silage in some sections of the northern states which 
arc particularly adapted to hay production, but where the growing 
season is too short or too cool for corn or other good silage crops. 

The cost per ton of silage will obviously depend largely on the 
yield per acre. Therefore com or sorghum for silage should be grown 
on land well adapted to the crop, and the field should be so fertilized 
and tilled that it will produce a large yield per acre. 

The cost of ensiling the crop should be reduced as much as possible 
by using efficient methods. For example, it took only two-thirds as 
long to haul corn forage from the field on low-rack wagons in Massa- 
chusetts tests as it did on high-rack wagons.^ Where the acreage is 
sufficient, the expense is reduced materially by using a com binder. 
On large farms an ensilage harvester may be economical. Care should 
be taken to run the silage cutter at the proper speed for the most 
efficient results and to keep the knives sharp and properly adjusted. 

343. How ensiling preserves green forage. — When green forage 
from a suitable silage crop is placed in a compact mass in a silo the 
following characteristic changes take place which convert it into silage 
For a time the living plant cells continue to respire, or breathe, rapidly 
using up the oxygen in the air within the mass and giving off carbon 
dioxide (carbonic acid gas). Within 5 hours practically all the oxygen 
has disappeared, and this prevents the development of molds, which 
Are unable to grow in the absence of oxygen. 

Certain acid-forming bacteria multiply enormously in the silage, 
as conditions are favorable for their growth. At the end of 2 days 
•each gram of silage juice (about one-fourth of a teaspoonful) may 
contain one hundred billion bacteria. These bacteria attack the sugars 
in the green forage, producing organic acids, chiefly lactic acid (the 
acid of sour milk), with some acetic acid (the acid of vinegar), and 
traces of other acids. This production of acid is the most important 
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change in the silage process, for the acidity prevents the growth of 
undesirable bacteria, such as cause rotting, or putrefaction. 

When the acidity has reached a certain degree, the fermentation 
is checked, and finally the action practically ceases. If air does not 
gain entrance into the mass of silage, it will then keep for long periods 
with but little change. Instances are on record where corn silage made 
12 to 14 years before has been found to be of satisfactory quality. If 
air does penetrate, as at the top of the silo or adjacent to a crack in 
the wall, mold will grow and destroy the acid. Putrefactive bacteria 
can then develop and cause further spoilage. 

While the sugars are the chief compounds acted upon by the 
bacteria in the acid fermentations, the starch and pentosans may be 
attacked to some extent. However, the amount of acid developed in 
the silage depends largely on the percentage of sugar in the ensiled 
crop. If the forage is very high in sugar, as in the case of com or 
sorghum which is too immature, so much acid may develop that the 
silage will be unpalatable to stock. Also, the feeding value will be 
lowered, because there will be a greater loss of nutrients in the fer- 
mentations. Normally the amount of acid in good silage is not greater 
than 1.0 to 2.4 per cent of the total weight. 

In addition to the acids, some ordinary or ethyl alcohol is pro- 
duced and traces of other alcohols. The alcohols largely combine with 
the acids to form compounds that aid in producing the characteristic 
aroma of good silage. Yeast cells develop in the silage to some extent 
in the early stages of the process, but are relatively unimportant. 

In the silage formation the proteins in the green forage are broken 
down or digested to a considerable extent, probably by the enzymes in 
the plant cells. This is very similar to the changes that occur when 
proteins are digested into simpler compounds in the animal body, and 
therefore the action is not detrimental. 

During the fermentations in silage the temperature rises somewhat, 
but if the mass has been well compacted, so that but little air is 
present, the temperature in the interior of the silo rarely reaches 
100® P. The changes are therefore far less extensive than those which 
occur in the making of brown hay. (333) 

344. Losses of nutrients in silage and in dry forage. — In the 
fermentations and other changes which occur in the ensiled forage, a 
certain part of the nutrients, chiefly sugars and other carbohydrates, 
is oxidized into carbon dioxide and water and therefore lost. The 
extent of this loss will differ considerably, depending on the kind of 
forage crop, the depth of the silo, and other factors.® It is usually 
lower in silage from well-matured corn or sorghum than in legume 
silage or silage from the grasses or small graijis. When the mass of 
silage is not well compacted, as in a shallow silo, the loss is higher than 
in a deep silo. 

With forage from well-matured com or sorghums which is ensiled 
in deep, well-built, cylindrical silos, not more than 5 to 10 per cent of 
the nutrients should be lost through this means. In addition there is 
a loss through the spoilage of silage at the top of the silo, unless feeding 
begins as soon as the filling is completed. If the forage is too immature 
and watery, a further waste will occur through the loss of juice.. 



Savtno All of the Corn Crop by Ensiling It 
O ver a great part of the United States sihigc has well-nigh revolutionized stock 
feeding. The silo provides high-quality succulent feed for any season of the year, 
with a low expense for labor and a minimum wastage of nutrients. 



Soilage Is Usually Less Economical than Silage 
Providing succulent feed in summer by a succession of soiling crops is usually 
more exj^nsive than the use of silage, chiefly because it requires more labor. (From 
Wisconsin Station.) 


FIRST TASSELS SILKS DRYING GLAZING STAGE SILAGE STAGE 



Nutrients in Corn Plants at Various Stages 
The shaded areas in the legend represent the amounts of crude protein, fiber, 
nitrogen-free extract, and fat in corn plants at various stages. Note especially the 
large storage of nitrogen-free extract as the crop matures. (From Indiana Station.) 



The Silo Conserves the Full Value in the Corn Crop 
When the corn crop is ensiled at the proper stage of maturity, the full value of 
both grain and stover is secured for dairy cattle, beef cattle, and sheep. 
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In silos 30 feet deep or more the total loss should not exceed 10 
to 15 per cent for well-matured com or sorghum silage, if reasonable 
care is taken to reduce the surface wastage and if there is little or no 
loss of juice. This is considerably less than usually occurs when such 
forage is cured as dry fodder. 

Even when cured in well-made shocks, com fodder or stover stand- 
ing in the field for a few months loses at least 15 per cent and usually 
20 per cent or more of the dry matter it contains, due to weathering 
and to fermentations which gradually waste the forage.^ With un- 
favorable conditions the waste is much greater. The losses fall chiefly 
on the most valuable parts of the plant — ^the protein, sugar, and starch 
— which are less resistant and more soluble than the fiber. 

If the forage is too immature and watery when it is ensiled, a 
considerable loss of juice will occur unless the silo is water-tight. Even 
if the juice does not run out, the silage will often be very sour and not 
as palatable as that from crops lower in water. 

The actual loss of nutrients in the juice escaping from a silo filled 
with watery corn forage is often much greater than realized, for it 
represents nutrients not only from the stalks and leaves, but also from 
the kernels. A considerable part of the protein of the kernels is 
dissolved in the silage processes and this portion tends to pass out of 
the kernels into the juice. In a silo studied by the Dairy Division of 
the United States Department of Agriculture, about 9,500 lbs. of juice 
were lost, which contained as much protein as 7,500 lbs. of silage.® 

Very rarely, many spots of rotten silage occur in the midst of 
good silage. Such spoilage can be produced by certain bacteria which 
are not checked by the acidity or the absence of air, but destroy the 
acid and rot the silage.^ Where there has been this trouble, it is 
recommended that the silo walls be cleaned and painted with hot tar 
before filling, in order to kill the bacteria. 

345. Requisites for good silage. — To produce satisfactory silage 
the green forage crop must have certain definite characteristics. First 
of all, it must be neither too dry nor too high in water content. If it 
is too dry, it will not pack sufficiently in the silo, and enough air will 
remain to permit the development of mold. If the forage is too high 
in water, the silage is apt to be very sour or it may even spoil. 

To make the best silage, the forage crop should have solid stems, 
so that only a small amount of air will remain in the mass after it is 
settled. The small grains with their hollow stems do not possess this 
quality. Hence, in ensiling such green forage it is especially important 
that the cut material be packed well by sufficient tramping. 

It is essential that enough acid be produced in the silage to prevent 
the growth of undesirable bacteria that will cause rotting or putrefac- 
tion. The forage must therefore contain sufficient sugar or other carbo- 
hydrates which can be attacked by the acid-forming bacteria. 

346. Crops for silage. — Corn and the sorghums are ideal silage 
crops. At the proper silage stage they contain enough sugar so that 
sufficient acid is produced in the silage fermentations to make silage of 
high quality. With these crops there is no need whatsoever of adding a 
preservative, such as molasses or mineral acid. 

During the past few years there has been much interest among 
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farmers, especially in the Northeastern States, in the making of grass 
silage/’ This is the term applied popularly to silage made from any 
uncured hay crop, no matter whether it is made from a true grass, such 
as timothy ; from a legume, such as alfalfa ; from a mixture of legumes 
and grasses; or from a green cereal, such as oats. Numerous recent ex- 
periments have shown that good silage can be made from such crops by 
the use of one of the special methods described in later paragraphs. 

The primary reason why a special method is necessary with these 
crops to insure silage of good quality, is that they contain considerably 
less sugars than does com or sorghum forage at the proper silage stage. 
Therefore enough acid may not be produced in the silage to keep it from 
spoiling or from having a very strong, undesirable odor. Also, legume 
forage is more alkaline in nature than corn or sorghum forage, and this 
alkalinity neutralizes some of the acid that is formed through the fer- 
mentation of what sugar there is in the crop.^ 

“Grass silage” can be used in the same manner as com silage for 
the various classes of stock.^ The value per ton will vary considerably, 
as such silage has a rather wide range in percentage of dry matter and 
therefore in amount of digestible nutrients per ton. If it contains ap- 
proximately 30 per cent of dry matter, the value per ton will be about 
the same as that of well-matured corn silage. For dairy cows, “grass 
silage” gives much better results when it is fed along with good hay, than 
when it is used as the only roughage or with com silage, without any hay. 

Various other kinds of silage are discussed in the following chap- 
ters, including silage made from pea vines from canning factories, sweet- 
corn-cannery waste, green sweet corn stover, sunflowers, beet tops, wet 
beet pulp, apple pomace, and potatoes. 

Weeds and other waste vegetation may sometimes be advantageously 
ensiled. Cabbage, rape, and turnips make unsatisfactory silage, ill- 
smelling and watery. 

348. Special methods for making “grass silage.” — To insure silage 
of good quality from legumes, grasses, and cereals, it is best to use one 
of the following special methods : 

Wilting of the forage. Green legumes and grasses at the proper 
hay stages generally contain less than 25 per cent of dry matter and 
are too watery to make the best quality silage. If such crops are allowed 
to wilt in the swath before ensiling, so they will contain 30 to 40 per cent 
dry matter, better silage will be produced.® On a sunny day an interval 
of 2 to 3 hours between mowing and loading will probably be sufficient. 
If the forage dries out too much, it will not pack well and it is apt to 
mold. Also, more of the carotene (vitamin A value) will be destroyed. 
In a dry season, or with rather mature crops, wilting of the forage may 
not be necessary. 

One reason why wilting the forage improves “grass silage” is that 
it increases the amount of sugar there is per pound of forage, due to the 
removal of part of the water. If legumes or grasses are wilted to just 
the right extent, silage of fairly satisfactory quality can usually be made 
from them without the addition of molasses or acid as a preservative. 
However, it is difficult to get exactly the right amount of dry matter in 
the forage, and therefore the use of a preservative seems wise, even when 
the crop is partly wilted. 



SILAGE AND SOILING CROPS 237 

If watery forage crops are not thus wilted, there is apt to be much 
leaking of juice from the silo, if the excess juice can get out. This not 
only wastes nutrients, but the juice is apt to be very foul-smelling as it 
decays. In addition, watery silage exerts such great pressure on the silo 
that failure of the walls may result. 

Addition of molasses as a preservative. The method thus far used 
most widely in this country for improving “grass silage^’ is the addi- 
tion of molasses. This increases the sugar content so that enough acid 
is formed in the fermentations to preserve the silage properly. The 
amount of molasses needed per ton of green forage will range from 
80 lbs. (7 gallons) for legumes in early bloom or before, to 40 lbs. for 
grasses or green cereals. The more immature the crop is, the larger is 
the amount of molasses advised. Some recommend 100 lbs. of molasses 
per ton for soybeans before the seed has developed much. 

The molasses can be run into the blower of the silage cutter from 
a barrel on an elevated platform, through a hose or pipe with a valve, 
so the rate of flow can be adjusted. In cool weather if the molasses is too 
thick to flow fast enough, it can be diluted with a little water. 

Addition of phosphoric acid as a preservative. Another method is 
the addition of acid to the forage as it is ensiled, so that with the amount 
of acid formed in the fermentation of what sugar there is in the crop, 
there will be enough total acid to make silage of good quality. 

In this country liquid phosphoric acid has been used most widely 
for this purpose, for it does not have the marked corrosive effect of 
such acids as sulfuric acid or hydrochloric acid. Also, it increases the 
residual manurial value of the silage. Food grade phosphoric acid should 
be used, as lower grades may contain injurious substances. The amount* 
of liquid phosphoric acid generally recommended per ton of forage 
ranges from 16 lbs. (5 quarts) of 68-per-cent phosphoric acid (or 14 lbs. 
of 75-per-cent acid) for legumes to 9 lbs. of 68-per-cent phosphoric acid 
for grasses or cereals.^® 

When phosphoric-acid silage made from non-legumes is used as a 
large part of the roughage, it is best to feed ground limestone or other 
ealcium carbonate supplement to neutralize the mineral acid. An ounce 
per head daily is sufficient for cattle. If the silage is made from legumes, 
the limestone is not necessary. 

A patented method called the A. I. V. method, is to add a mixture 
of hydrochloric acid and sulfuric acid to the forage as a preservative, 
a larger amount of acid being used than in the phosphoric acid method, 
with the purpose of diminishing the bacterial fermentation somewhat.^ ^ 
This method has been used to a considerable extent in Europe, but has 
not become popular in the United States. 

Other methods. The use of 150 to 300 lbs. per ton of ground com 
or com-and-cob meal per ton of green legumes or grasses has been recom- 
mended by some as a preservative. This method has not yet been tested 
•sufficiently to determine whether it will make “grass silage'' that is 
Appreciably better than can be secured from legumes and grasses if they 
Are wilted, so as to have a dry matter content of 30 to 40 per cent. 

In an Italian method grasses or legumes are dried to a dry matter 
•content of 60 to 70 per cent before ensiling.^® The silage is heavily 
weighted in a tower silo by means of a wooden cover and large stones, 
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so as to force out most of the air and reduce the fermentations. Without 
such weighting, forage as dry as this would be apt to mold or even char. 

Lactic acid cultures are on the market, which are supposed to 
improve greatly the quality of “grass’^ silage and even of silage from 
corn or the sorghums. All green crops commonly used for silage contain 
an abundance of lactic acid bacteria, and there is no need of using such 
cultures in ensiling green crops.^® Methods of treating the ensiled forage 
with currents of electricity^^ or steaming it^® to kill the bacteria have 
not proven advantageous. 

348 . Requisites of a good silo. — The satisfactory above-ground 
silo must possess the following characteristics : 

1, Air tight walls. The walls must prevent the entrance of air 
and the doors must fit snugly. If air enters, the fermentations will 
continue and molds will grow, spoiling the silage. 

2, Cylindrical shape. In the early silos, which were rectangular, 
it was exceedingly difficult to pack the mass in the comers so that it 
would not spoil. The cylindrical silo has no corners, the sides are 
strong and unyielding, and it provides the largest possible cubic capac- 
ity for a given amount of building material. 

3, Smooth, perpendicular, strong walls. Unless the walls of the 
silo are smooth and perpendicular, cavities will form along the walls 
as the mass settles, and the adjacent silage will spoil. The walls must 
be strong and rigid, for while the silage is settling a great outward 
pressure is developed. 

4, Depth, By making the silo deep, the great pressure compacts 
all but the uppermost layers, so that the losses through fermentation 
•are reduced to a minimum. While over 30 per cent of the dry matter 
may be lost in the layer of silage just under the spoiled material on 
the surface, the loss in the rest of the silo should not be greater than 
5 to 10 per cent. 

The loss through the surface spoilage, after the silo is filled and 
before feeding is begun, is also a much smaller percentage of the total 
contents in the case of a deep silo than in a shallow one. 

349 . Types of silos. — Satisfactory permanent silos can be con- 
stracted of wood, solid concrete, concrete staves or blocks, glazed tile, 
bricks, or galvanized sheet iron or steel. The choice between the various 
types of construction will depend on local conditions. Anyone in doubt 
as to the best types for his use should consult his agricultural college 
or experiment station. 

During the past few years wide use has been made of trench and 
pit silos. These provide a cheap and satisfactory means of ensiling 
crops where the soil is well drained. The losses of nutrients in trench 
silos are apt to be considerably greater than in the case of deep cylin- 
drical silos, but this is more or less offset by the small cost. 

. On account of the shallowness, the forage must be packed very 
thoroughly in a trench silo by driving a tractor or a team of horses 
back and forth over it, and when filling is completed the surface should 
be covered with wet straw or with straw and earth. Feeding is begun 
at one end, the silage being removed in vertical slices of a size which 
can be fed out in about two days. 

Emergency silos ^re also made of slat or picket fencing, such as 
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is used for snow fences. This is lined with a tough, reinforced paper 
made especially for the purpose. 

360. Filling the silo. — Green forage packs more densely in a silo 
when it is chopped into short lengths by running it through a silage 
cutter, and therefore such cut forage usually makes better silage than 
if uncut. This is especially important in such coarse material as com 
or sorghum forage and in the hollow-stemmed forage from small grains. 
Also, the silage can be removed much more readily if the forage is cut. 

The safest plan to insure good silage is to have a reliable man in 
the silo as it is filled, who distributes the forage uniformly by moving 
the flexible distributor pipe around. In walking about, he will also 
help pack the forage. Toward the top of the silo the material should 
be tramped especially well near the wall and should be kept higher 
there than at the center, as the friction of the wall retards the settling. 

To save labor many have adopted the plan of tying the distributor 
pipe so it is directed toward the center of the silo. The forage is then 
allowed to ‘‘cone up’’ as it falls. Sometimes a man levels it off every 
hour or so, but others do no levelling except toward the top of the silo. 
To avoid a large amount of spoilage at the top, it is important that 
for the last few feet the silage be levelled off and that it be thoroughly 
tramped. Good results are secured by this method, if the forage con- 
tains sufficient water to pack well, but if it is a little dry, the silage is 
apt to be poor, especially near the wall. 

No matter what method is followed, if the forage is too dry to 
pack well when it is ensiled, water should be added. This may be done 
by running it into the blower-fan case or into the blower pipe just 
above the blower. If the water is under sufficient pressure, it may be 
allowed to run into the flexible distributor pipe in the silo, or the man 
who tramps the forage can carry the hose and wet the forage as he 
packs it. 

The forage will settle considerably after the silo is filled, and more 
may then be put in, any spoiled surface material being first removed. If 
feeding is not to begin immediately, the surface should be wet down 
thoroughly and tramped well several times the first week, when the 
rotting forage will form a layer on top that protects the rest. To lessen 
the waste, remove the ears from the last few loads of forage and cover 
the top with a foot or so of cheap refuse such as straw or weeds, wet 
with water. Sometimes oats are sown on the surface. On growing, the 
roots form a dense mat which aids in keeping out the air. 

The loss at the surface can be reduced to a minimum if the forage 
is covered (after it is levelled, thoroughly wet down, and well tramped) 
with cheap roll-roofing, the joints being lapped about 4 inches and 
the ends turned up against the side wall 4 or 5 inches.^^ Then the 
roofing is covered with a thick layer of cut straw, sawdust, or other 
material. 

361. Danger from carbon dioxide. — On going into a silo after an 
intermission in filling or for a few days after filling, one should always 
guard against danger from carbon dioxide. This gas, which is heavier 
than air, may accumulate near the surface of the silage so that there 
will not be enough oxygen in the air for life. If a lighted lantern or 
eandle lowered into the silo goes out, it is unsafe for one to enter. Open- 
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ing a door near the surface of the silage will allow the carbon dioxide 
to escape. Before entering, agitate the air by operating the blower for 
a few minutes or by swinging a blanket vigorously. 

352. Weight of silage and capacities of silos. — The most extensive 
investigations reported on the weight of silage at various depths in a 
silo and on the capacities of silos are those at the Kansas, Missouri, 
and Nebraska Stations.^® The silage is more compact and heavier as 
the depth from the surface increases. The exact weight per cubic foot 
at any depth will vary considerably, depending on the percentage of 
water in the crop when ensiled, the amount of grain in the fodder, 
and other factors. 

In the Kansas and Missouri studies, the average weight of a cubic 
foot of com silage at the surface foot was 32.0 lbs.; at a depth of 5 
feet, 34.8 lbs.; at 10 feet, 38.0 lbs.; at 20 feet, 41.0 lbs.; and at 30 feet, 
43.0 lbs. The average weight of the silage for the whole depth was 
33.4 lbs. per cubic foot for the first 5 feet, 35.0 lbs. for a depth of 10 
feet, 37.5 lbs. for a depth of 20 feet, and 39.0 lbs. for a depth of 30 feet. 

The first part (A) of the following table shows the estimated 
capacity of silos according to these investigations for well-matured corn 
or sorghum silage, when the silage has been well-tramped and allowed 
to settle one day and the silo then refilled. The second part (B) shows 
the estimated tonnage when the silage has settled for one month or more. 

The depth indicated is the actual depth of the silage, not the height 
of the silo wall. It is therefore necessary to have the silo about 5 feet 
higher than the depth given to allow for settling. The table shows, for 
example, that in a silo 16 feet in diameter, if there is 30 feet of settled 
silage one month after settling, there will be about 118 tons of silage. 

Approximate capacity of cylindrical silos in tons of corn silage 

A. Capacity when fllllng: U completed.* 


Inside diam. in feet < ^Depth of silage in feet 

18 20 22 24 26 28 30 32 34 36 38 40 

10 20 23 26 30 33 37 41 

12 28 33 38 42 48 63 68 64 70 

14 38 46 61 68 66 72 80 87 ' 95 103 111 120 

16 60 68 67 76 86 94 104 114 124 136 145 166 

18 64 74 84 96 107 119 132 144 167 171 184 198 

20 78 91 104 118 132 147 162 178 194 211 227 244 

22 96 110 126 143 160 178 196 216 236 255 276 296 


B. Capacity after allase haa settled one month or more.** 


Inside diam. in feet Depth of silage in feet- 
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10 

12 

14 

16 

18 

20 

22 

24 

26 

28 

30 

10 

11 

14 

17 

20 

23 

26 

29 

33 

36 

39 

. 43 

46 

12 

16 

20 

24 

29 

33 

38 

42 

47 

62 

56 

61 

66 

14 

21 

27 

33 

39 

46 

61 

68 

64 

70 

77 

83 

90 

16 

28 

35 

43 

61 

69 

67 

76 

84 

92 

100 

109 

118 

18 

36 

44 

64 

64 

76 

85 

96 

106 

116 

127 

138 

148 

20 

43 

66 

67 

80 

92 

106 

118 

130 

144 

167 

170 

184 


*A. if com Is unusually dry when ensiled, deduct 10 per cent from the capacity 
given. If com is dry and very little grain is present, deduct 15 per cent. 
If silo is filled rapidly and no time is allowed for settling, deduct 10 per cent. 

**B. For com ensiled when less mature than usual add 10 to 15 per cent to the 
capacity given. If corn is unusually rich in grain, add 6 to 10 per cent. If 
corn is unusually dry when ensiled, deduct 10 to 15 per cent, if very little 
grain is present, deduct 10 per cent. 
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When the bundles of corn or sorghum are loaded with a bundle 
elevator onto the wagon as the corn is cut, the forage will be higher in 
water than when the bundles are allowed to dry out somewhat on the 
ground. Therefore the silage will be heavier per cubic foot, and the 
silo will contain more tons of silage. However, each ton of silage will 
have a correspondingly lower feeding value, because of the higher 
water content. 

Legume silage, grass silage, and also sunflower silage are much 
heavier than com silage. A silo for such silage must therefore be 
strongly constructed to withstand the great lateral pressure when the 
silage is settling. 

353. Estimating the amount of silage left in a silo. — ^To estimate 
the amount of silage remaining in a silo after part has been fed out, 
find the actual depth left and estimate the original total depth of silage 
after settling. Then compute the amount as follows: Let us suppose 
that 10 feet of silage are left in a silo having a diameter of 14 feet, 
and that after settling one month the entire depth of silage was about 
28 feet before feeding started. 

Prom the table we find that at first the silo contained 83 tons. 
The first 18 feet of silage, which were fed out, would weigh about 51 
tons, according to the table. The difference, or 32 tons, is the approxi- 
mate weight of the silage left. 

354. Proper size of silo. — The diameter of the silo should be 
gauged by the number and kind of animals to be fed from it, and its 
height by the length of the feeding period. The silo should be of such 
diameter that in the cooler part of the year at least 1.5 inches, and 
preferably 2 inches, of silage will be removed from the entire surface 
daily to prevent spoilage. When silage is used for summer feeding 
somewhat more should be removed daily. 

The exact size of silo required may be computed from the length 
of the feeding period and the amount required daily for the different 
kinds of stock, as shown previously in this chapter and in the respective 
chapters of Part III. Knowing the number of animals of each kind 
to be fed, the entire amount of silage which will be. consumed daily 
may be ascertained. The maximum diameter which the silo should 
have may then be determined from the following: 

Two inches in depth of ordinary corn silage weigh about 5 lbs. 
per surface square foot near the top of the silo and 7 lbs. near the 
bottom, averaging about 6.5 lbs. in a silo filled to a depth of 30 feet. 
To use 2 inches daily from the surface, approximately the following 
amounts must be fed from silos of various diameters: Diameter 10 
feet, 510 lbs. silage; 11 feet, 615 lbs.; 12 feet, 735 lbs.; 14 feet, 1,000 
lbs. ; 16 feet, 1,305 lbs. ; 18 feet, 1,655 lbs. ; 20 feet, 2,045 lbs. ; 22 feet, 
2,470 lbs. ; 24 feet, 2,940 lbs. ; 26 feet, 3,450 lbs. In cold weather and 
when the silage is well packed, a somewhat smaller amount may be 
removed daily. 

When the maximum diameter which the silo should have has thus 
been determined, the total amount of silage required for the desired 
feeding period may be computed and the dimensions for a silo of this 
capacity found by referring to the table given previously. (352) It 
should be borne in mind that silage in a relatively deep silo keeps 
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better than in a shallow one, as has been pointed out previously. Care 
must be taken not to have the diameter so great that the silage cannot 
be fed rapidly enough to keep it from spoiling. Also, wheti a silo is 
more than 18 or 20 feet in diameter, increased labor is involved in 
carrying the silage to the silo door as it is removed for feeding. 

II. SoiuNG Crops 

366. The place of soiling crops on American farms . — Soiling crops 
are green forage crops that are cut in the field and fed in fresh con- 
dition to livestock. Green forage fed as a soiling crop is also sometimes 
called “soilage.’^ Due to the high expense of growing special soiling 
crops and harvesting them for feeding while green, this method of 
providing feed is rarely followed throughout the summer in this coun- 
try. However, soiling crops are often fed to dairy cattle and less 
frequently to sheep for limited periods when pastures become parched 
during drought. Occasionally, a farmer on high-priced land near a 
city, who desires to keep as much stock as possible on his farm, will 
grow a succession of soiling crops for feeding throughout the season 
as a substitute for pasture. 

It has been pointed out in Chapter XI that a considerably larger 
yield of nutrients is secured when a crop is allowed to grow to the hay 
stage than when it is kept grazed during the season. (300) For this 
reason, and also because none of the forage is wasted by the trampling 
of stock, an acre of land will usually furnish much more feed when 
used for soiling crops than for pasture. For example, in early Wis- 
consin experiments by Henry an acre of soiling crops equalled about 
2.5 acres of bluegrass pasture for feeding dairy cows.^® In Kansas 
trials there was an even greater difference in the yield from pasturage 
and from soiling crops.^® Another merit of soiling crops is that less 
fencing of fields is required than where all the feed is furnished by 
pasturage. 

When a properly-planned succession of soiling crops is grown by 
a person with experience, it is usually possible to provide an abundance 
of palatable feed throughout the entire growing season, while perma- 
nent pastures often become scanty during midsummer. However, it 
takes considerable experience to have each crop ready for harvest just 
when it is needed. Drought may interfere seriously with the proper 
succession of feed. 

Under usual conditions these advantages of soiling crops for fur- 
nishing feed throughout the season are more than offset by their high 
cost. The expense is large for labor, seed, and fertilizer in producing 
the crops. To provide a succession of green feed by means of soiling 
crops, it is necessary to fit and plant comparatively small areas to 
different crops at various times. Much labor is also needed to cut the 
crop daily or every other day, to haul the heavy green feed to the 
stock; and to feed it. This comes throughout the busiest time of the 
year and interferes seriously with other farm work. 

The cost per ton in harvesting soiling crops is very high in a herd 
of average size, for only a small amount of the crop can be cut and 
hauled at a time, or it will spoil before it is fed. In warm weather 
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it may be necessary to harvest the green feed each day. When but a 
few animals are fed, the forage may be spread thinly on the bam 
floor, so it will not heat, but it will then dry out and be less palatable. 
During wet spells, it may be difficult to harvest and haul the crop 
without injury to the land. 

For these reasons soiling crops are not commonly relied upon in 
the United States for feed throughout the season. They are used more 
often to supplement permanent pastures during a midsummer drought 
or at any other time when the pastures provide insufficient feed. Even 
for this purpose, it is usually much cheaper to grow such crops as 
Sudan grass or sweet clover to be used for temporary pasture, or to 
pasture the second crop on a hay field, or to feed silage or hay as the 
supplement to scanty pasture. 

In case the pasture becomes parched and none of these other 
provisions has been made, it is certainly wise to cut and feed green 
some crop that has been raised in the regular rotation and which is 
ready for use at that time. Excellent crops for this purpose are green 
alfalfa, clover, the hay grasses, or corn. 

Such green feed, fed as a supplement to short pasture, will often 
have a much higher value per ton than if it is harvested in the regular 
manner and fed to the stock the following winter. This is especially 
true in the case of dairy cows. It is essential that they be provided 
with plenty of feed at all times, or their milk yield will be seriously 
reduced and even liberal feeding later will fail to bring it back. 

In Europe, where labor is relatively cheap in comparison with the 
price of land, a much wider use can economically be made of soiling 
crops than in this country. 

356. Soiling crops vs, silage or pasture. — ^Where enough dairy 
cows are kept to consume silage in summer fast enough to keep it from 
spoiling, silage generally furnishes succulent feed which is much cheaper 
than soiling crops and just as satisfactory. Also, com or sorghum 
silage will usually be relished by the cows as well or even better than 
a succession of different soiling crops. 

Silage furnishes feed of uniformly high quality throughout the 
season, a goal which is difficult to attain with soiling crops, for one 
crop is often exhausted or too mature before the next is in prime 
condition for feeding. The years when drought is severe and pastures 
are unusually short are the very times when soiling crops will be scanty 
or may even fail. By means of the silo, a crop may be carried over 
from one year to the next, thus providing insurance against drought. 

Experiments by the Iowa, Nebraska, and Wisconsin Stations show 
that the production of dairy cows is maintained just as well on good 
silage plus limited pasture and a suitable supply of concentrates, as 
when soiling crops are fed in place of the silage.^^ In the Iowa trials 
it required 180 lbs. of soiling crops to equal 100 lbs. of corn silage in 
value, because the soiling crops contained a much smaller percentage 
of dry matter and total digestible nutrients. 

In the Nebraska experiments it took only 1.2 hours of labor per 
100 lbs. of milk produced to raise the silage crop, harvest it, and feed 
it, while it required 1.8 hours per 100 lbs. of milk to grow and feed 
the soiling crops. In addition, a much larger area was needed per cow 
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to provide feed when soiling crops were used than when corn silage 
and alfalfa hay were fed. 

It was found in Montana experiments that when all the items of 
expense were considered, the net return per acre was decidedly higher 
when irrigated land was used for pasturing dairy cows than when it 
was used for soiling crops.^® 

367. Suitable soiling crops. — Several crops are well suited for use 
as soiling crops. Alfalfa, the clovers, peas and oats, soybeans, and 
cowpeas are all excellent for the purpose. In humid sections corn is 
generally the best soiling crop for use during the latter part of the 
season, on account of its palatability and its high yield. Except for 
the danger of prussic acid poisoning, the sorghums are also excellent. 
This danger is slight in humid regions, except when the crop is injured 
by drought or frost. Sudan grass is usually entirely safe, though a 
close relative of the sorghums. 

Very satisfactory green feed is also furnished by green grass or 
mixed, grass and legumes from the hay fields, cut when in bloom or 
before. The green small grains — ^rye, wheat, oats, and barley — all may 
be used as soiling crops. The value of these crops for this purpose is 
discussed in the following chapters. 

Soiling crops should not be fed until reasonably mature. Plants 
that are too young are composed largely of water, and often cattle 
cannot consume enough of them to secure the required nourishment. 
For this reason, where very immature crops are fed, some dry forage 
should also be supplied. 


QUESTIONS 

1. State nine advantages of silage for livestock feeding. 

2. Discuss the use and value of silage for dairy cattle, beef cattle, and sheep. 

3. Under your local conditioas should a dairy farmer raise silage for his cows, or 

should he use hay as the only roughage? 

4. Describe in detail the changes that occur when a green crop is ensiled. 

5. What are the relative losses of nutrients in com silage and in the field-curing 

of com fodder? 

6. What characteristics should a good silage crop have? 

7. Discuss the suitability of the following crops for silage: Corn, the sorghums, 

the small grains, alfalfa. 

8. What si)ecial methods are used to produce better silage from legume crops? 

Describe three methods. 

9. State four requisites of a good silo. 

10. State the advantages and disadvantages of trench silos, 

11. Discuss the various methods of filling a silo with corn forage. Under what 

conditions might you allow the forage to “cone up” in the silo? 

12. How can you dete/mine approximately how much silage is left in a silo after 

part of it has been fed out? 

13. Discuss the advantages and disadvantages of soiling crops, in comparison with 

pasture or the use of silage for summer feeding. 

14. Name four good soiling crops. 
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CHAPTER XIII 

LEGUMES FOR FORAGE 

I. Superiority Of Legume Forage 

368. Importance of legume roughages. — ^Legume roughages occupy 
a place of particular importance in the feeding of livestock, because of 
the several superiorities they have over all other forage crops. Legume 
roughages excel in the following respects : 

1. They lead in yield of palatable hay produced per acre. 

2. They are the richest in protein of all common roughages. 

3. The protein which they provide supplements in a very effective 
manner the deficiencies in the proteins of the cereal grains. 

4. They are the highest in calcium among common feeds, and 
although not rich in phosphorus, they are generally a little higher in 
this mineral than forage from com, the sorghums, or the grasses. 

5. Well-cured legume hay is the richest source of vitamins A and 
D among the common feeds available for winter feeding. 

6. Such legumes as alfalfa and the clovers increase the yield and 
protein content of the grasses when grown in combination with them. 

7. They are highly important from the standpoint of the main- 
tenance of soil fertility. 

On account of these virtues legume roughages are admirable sup- 
plements to the cereal grains. They are in marked contrast to forage 
from com and the sorghums and to hay from the grasses, all of which, 
if cut at the usual stage of maturity, furnish forage low in crude pro- 
tein and only poor to fair in calcium. 

Through the proper utilization of roughage from the legumes, the 
amount of protein-rich concentrates needed to provide balanced rations 
for farm animals may be greatly reduced. Indeed, for many classes of 
animals merely legume hay and grain from the cereals, or else legume 
hay, silage, and grain, furnish very satisfactory rations. The numer- 
ous recent experiments which have proved the great importance of 
the quality or kind of proteins in rations and of a plentiful supply of 
vitamins and minerals, have emphasized more than ever before the 
need for sufficient legume forage on well-organized stock farms. 

In considering the legumes it must be kept in mind that these 
crops build up the nitpgen content of the soil only when the proper 
nodule-forming bacteria are present. Where these nitrogen-fixing' 
germs are lacfeng, it is essential that the soil be inoculated. 

859. Legime roughages excel in yield of palatable feed. — ^In 
nearly every livestock section of the United States some kind of legume 
hay will produce a greater yield of dry matter per acre than other 
common hay crops. Moreover, this hay is so much more palatable than 
hay from the grasses, cut at the usual stages of maturity, that livestock 
will eat larger amounts of it and get a greater proportion of their 
nourishment from this cheap source. Due to the high palatability of 
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legume hay, it is consumed by livestock with much less waste than is hay 
of the usual quality from the grasses or such roughage as com or sor- 
ghum fodder. The superiority of legumes, especially alfalfa, in 
furnishing a large yield of palatable dry matter and of digestible nu- 
trients is shown in the table presented later in this chapter. (368) 

360. Legume roughages excel in amount of protein. — The fact 
that legume hays and pasturage are the richest in protein of all common 
roughages is of great importance in providing economically the large 
amount of protein needed by dairy cows for high milk production, and 
in the efficient feeding of beef cattle, sheep, horses, and swine. 

In most dairy sections the cereal grains and com or sorghum for- 
age provide the cheapest source of energy or digestible nutrients for 
dairy cows. These feeds, which commonly form a large part of dairy 
rations, are all decidedly low in protein. To provide most economically 
the additional protein dairy cows need for efficient production, it is 
generally of first importance to grow an abundance of good legume 
hay. This will go far toward supplying the cows with sufRcient protein 
and will reduce greatly the amount of protein supplements like linseed 
meal, cottonseed meal, and gluten feed, which must be purchased. 

Legume hay occupies a position of nearly as great importance in 
the efficient and economical feeding of beef cattle and sheep. A liberal 
supply of good legume hay will not only usually result in greater pro- 
duction, but will also reduce very considerably the amount of expensive 
protein-rich concentrates needed to balance the rations. Even for feed- 
ing farm horses legume hay helps reduce the feed bills. Since swine, 
with the exception of brood sows, will not eat much legume hay, the 
high value of legume hay for feeding swine in winter is due chiefly to 
the quality of the protein it furnishes and to its supply of vitamins and 
minerals, rather than to the amount of protein it supplies. For swine 
of all classes legume pasture is unexcelled. The value and use of leg- 
ume roughages for each class of stock are discussed in detail in the 
respective chapters of Part III. 

The protein content of the leaves of legumes is much higher than 
that of the stems. For example, dried alfalfa leaves average 21.9 per 
cent in protein, while the stems contain only 10.0 per cent. The nutri- 
ents in the leaves are also much more digestible than those in the sterns.^ 
As a result, dried alfalfa leaves furnish 16.9 per cent of digestible pro- 
tein, in comparison with only 5.1 per cent for alfalfa stems. (Appendix 
Table I.) These figures show that when a considerable part of the 
leaves is lost through shattering in making legume hay, the loss is much 
more serious than is indicated by the mere reduction in the yield of 
hay. 

361. Legume rough^es excel in quality of protein. — ^Not only are 
legume roughages rich in protein, but also the proteins are of good 
quality and effectively supplement and make good the deficiencies in 
the proteins of corn and the other cereals. This fact, which is one of the 
most important truths in practical stock feeding, has been discussed in 
detail in Chapter VI. (1B3) 

In order to secure satisfactory results with swine and poult^, it is 
necessary that the rations contain a sufficient amount of protein sup- 
plements which provide complete proteins such as are furnished by 
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dairy by-products, tankage, meat scraps, or fish meal. This is because 
swine and poultry, on account of the nature of their digestive tracts, 
cannot consume any considerable amount of dry roughage, even good 
legume hay. 

Cattle and sheep, with their capacious four-fold stomachs, are much 
more fortunate. If they are fed an abundance of good legume hay 
with cereal grains, and with or without corn or sorghum silage, the 
combination will furnish a very efficient and adequate quality of pro- 
teins. But relatively little attention need then be paid to the quality 
of protein furnished by the additional protein supplements that may 
be needed to provide the necessary amount of digestible protein. 

For example, gluten feed, which is a com by-product and therefore 
supplies unbalanced protein, may not make an efficient ration when 
added as the only protein supplement to such a combination as com, 
oats, timothy hay, and com silage for dairy cows or for fattening cattle 
or lambs. (164) On the other hand, gluten feed is fairly satisfactory 
as the only supplement, if legume hay replaces a considerable part of 
the timothy hay in this ration. This is because the legume hay makes 
good the deficiendes in the quality of the protein. However, still better 
results will usually be secured if some other protein supplement, pro- 
viding better-quality protein, is fed in combination with the gluten 
feed. 

362. Legume roughages excel in calcium and are fair in phos- 
phorus. — ^Legume roughages are the richest sources of calcium among 
common feeds. (160) Indeed, they furnish calcium so liberally that 
they will provide adequately for the calcium requirements of dairy 
cows, even those of high productive capacity, if an ample amount of 
legume hay or other legume roughage is fed. When beef cattle or sheep 
are fed plenty of legume hay, there is likewise no need to add a calcium 
supplement to the ration. 

Legume roughages are not rich in phosphorus, containing less of 
this mineral nutrient than do the cereal grains. However, their phos- 
phorus content is generally a little higher than that of forage from 
com, the sorghums, or the grasses. It is pointed out elsewhere that 
unless the legume hay is grown on phosphorus-rich soil, it is advisable, 
in feeding dairy cows, to add a phosphorus supplement to home-grown 
rations of legume hay and farm grain, with or without com silage or 
sorghum silage. (161) 

363. Legume roughages excel in vitamins A and D. — ^As has been 
pointed out in Chapter VI, well-cured legume hay is the best source 
of vitamins "A and D among ordinary stock feeds, and these are prob- 
ably the only vitamins that may be deficient in any usual good ration 
for dairy cows, beef cattle, horses, sheep, or swine. 

The less the hay is exposed to sunlight, the greener will be its color 
and the higher the content of vitamin A. It has been shown previously 
that all or nearly all of the vitamin A value of feeds of plant origin is 
due to the carotene they contain. (187) The effect of curing methods 
upon the carotene content (vitamin A value) of hay has been discussed 
in the previous chapter. (320) Curing hay with a reasonable exposure 
to sunlight increases its content of vitamin D. (191) 

The richness of well-cured legume hay in vitamins A and D makes 
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it especially important for dairy cows, for all young growing animals, 
particularly pigs, and for poultry. As is pointed out in Part III, adding 
only 5 per cent of good legume hay to the rations of young pigs in the 
winter time may make all the difference between profit and disaster. 

364. Legumes increase yield and protein content of grasses. — Not 
only do legume forages excel in yield and protein content when grown 
alone, but they also increase the yield and the percentage of protein in 
the grasses when grown in combination with them. Therefore for pas- 
ture or for hay a combination of grasses and legumes is usually far 
preferable to any mixture of grasses alone, without legumes. 

In Ohio experiments over several years a combination of timothy 
with red clover, alsike clover, or alfalfa yielded over 40 per cent more 
hay than timothy alone. Also, the percentage of protein in timothy or 
orchard grass (not including the legumes) was 44 to 50 per cent higher 
when grown with alfalfa than when the grass was grown alone.^ 

365. Legumes important in maintenance of fertility. — The impor- 
tance of legumes, grown in proper rotation, for the maintenance of soil 
fertility and the increase in yield of succeeding crops is too well known 
to necessitate lengthy explanation. When properly inoculated, the leg- 
umes are able, through the action of the legume bacteria in the nodules 
on their roots, to use in their grovi:h free nitrogen from the air. 

Due to this, these crops are not only able to secure indirectly from 
the air most of the nitrogen in the crop harvested, but the stubble and 
roots may add nitrogen to the soil. Therefore, even when the legume 
forage is harvested for feeding, the nitrogen content of the soil will be 
increased, or at least there will be much less depletion of soil nitrogen 
than when a non-legume is grown. The yield of succeeding non-legume 
crops is consequently much higher as a rule than when no legume crop 
is grown in the rotation. 

Obviously, when the entire le^me crop is plowed under as green 
manure, as is often done for special truck crops, much more nitrogen 
will be added to the soil than when the forage is removed. In livestock 
farming legume forage is too valuable to be plowed under, except in 
very unusual circumstances. However, by feeding the legume forage to 
livestock and taking proper care of the manure, most of the nitrogen 
and other fertilizing constituents can be returned to the soil, thus getting 
a double advantage from the crop. 

In trials over 8 years at the Arkansas Station corn was grown con- 
tinuously, in comparison with com followed by legumes grown for for- 
age and removed, or grown for green manure and plowed under.® Con- 
verting the legumes into hay gave the greatest annual net return, in 
spite of the fact that no manure was returned to the soil. 

Not only do legume crops aid in maintaining the nitrogen supply 
in the soil, but also they increase the yield of succeeding crops by rend- 
ering the soil nitrogen more active and available.^ This effect does not 
continue for many years after the growth of the legume crop. It is 
therefore advantageous from this standpoint, as well as for the main- 
tenance of the nitrogen supply of the soil, to grow the legumes chiefly 
in regular crop rotations, instead of growing such a crop as alfalfa for 
a long time on the same field. In addition to these effects upon the 
nitrogen of the soil, experiments indicate that the good effects of legumes 
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on subsequent crops may be due in part to an improvement in the 
mechanical and bacterial conditions in the soil and to an increase in the 
availability of the soil potassium.® 

When crop residues low in nitrogen, such as straw, are incorporated 
in the soil, the growth of certain soil bacteria may be increased to such 
an extent that the supply of available soil nitrogen is locked up tempo- 
rarily in the bacterial cells. Though the nitrogen becomes available 
again after the crop residue has decomposed, the yield of a non-legume 
crop which immediately follows may be decreased. This sometimes 
results if no manure or other nitrogen fertilizer is applied when a crop 
of soybeans is removed from the land and only the stubble and roots, 
which are low in nitrogen, are returned to the soil.® 

366. Inoculation of legumes. — It is well known that legumes are 
unable to use in their growth the free nitrogen gas in the air, except as 
this nitrogen is fixed or built into organic compounds by legume bac- 
teria in nodules on their roots. Therefore, unless the proper bacteria 
are present in the soil, the legume will utilize only the soil nitrogen, just 
as is the case w;th such a crop as corn or timothy. On soil low in nitro- 
gen the legume crop may even fail utterly unless it is inoculated. 

Even in a soil well supplied with nitrogen, the growth of the legume 
will quite commonly be much more vigorous when large numbers of the 
proper bacteria are present. It is therefore essential that the seed be 
inoculated with reliable cultures, unless one is sure that the soil contains 
an abundance of the right bacteria. 

The legume bacteria which develop in the various legume crops 
are of different varieties, and a given variety will inoculate only certain 
legumes. For example, one variety inoculates alfalfa and sweet clover ; 
another, red, crimson, and white clover; a third, field and garden peas, 
vetches, sweet peas, and horse beans; a fourth, only soybeans. 

It has been discovered that there are various strains of the same 
variety of legume bacteria, and that these strains may differ widely in 
their ability to stimulate the growth of the legume crop.^ Some strains 
are highly beneficial, while others produce but little benefit. Inoculating 
legume seed with an efficient culture may decidedly increase the growth 
of the crop, even when there are enough of this variety of legume 
bacteria in the soil to produce many nodules on the roots of the par- 
ticular kind of legume. In purchasing legume cultures for any crops, 
it is therefore important to secure them from a source which is absolutely 
reliable and which can provide cultures of proven high efficiency. 

367. Soil conditions for good legume crops. — ^For legumes to 
thrive it is necessary on many soils to apply ground limestone or some 
other form of calcium, in order to neutralize or to lessen the soil acidity 
and to provide the calcium needed by the legume crop in building its 
calcium-rich tissues. It was formerly believed necessary to apply enough 
lime to neutralize soil acidity completely, but recent investigations indi- 
cate that, at least on some soils, just as good results are secured when 
less lime than this is applied.® On many soils the application of a phos- 
phate fertilizer will greatly increase the growth of legumes and make 
them surer crops. Often a soil which is said to be ‘‘clover sick’’ merely 
lacks lime and phosphorus. 

Not only is the yield of a legume forage increased when it is prop- 




Cutting Alfalfa in a Western Irrigated District 

Wlierever it thrives the acreage of alfalfa is rapidly increasing, due to its heavy 
yield of protein-rich hay. (From U. S. Keclamation Service.) 



Red Clover — A Boon to Farmers of the Northern States 

Red clover is the most important legume in the humid parts of the northern two- 
thirds of the United States. The stock farmer who grows broad acres of clover such 
as this has a foundation for economical rations. 







Legumes Oan Use Nitrogen of Air Only When Inoculated 


When the nitr(3gen-fixing bacteria or germs are la(!king, it is essential that the soil 
be inoculated to secure maximum crops. At left, are Ito San soybeans on sandy soil 
which were inoculated with proper bacteria; at right, soybeans which were not 
inoculated. (All photographs on this page from Wisconsin Station.) 
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erly inoculated and, if necessary, fertilized with lime and phosphorus, 
but also the percentage of protein and of calcium in the crop is often 
increased, thus making each ton of the crop more valuable. For examplCv 
in experiments by the Wisconsin Station the inoculation of alfalfa on 
a limed, virgin silt-loam soil increased the protein content 1.5 per cent, 
and on a sandy soil, 4.0 per cent.® In a few districts where the soil 
is unusually low in sulfur, fertilization with sulfur may not only greatly 
increase the growth of legumes but also may considerably increase the 
percentage of protein.^® 

II. Alfalfa 

368. Alfalfa. — Alfalfa {Medicago sativa) stands at the head of the 
list of all common hay crops and is commonly taken as the ideal with 
which other hay is compared. The excellence of alfalfa hay and other 
alfalfa forage is due to its high yield, its palatability, its richness in 
protein, its unusually high content of calcium, and its value as a source 
of vitamins A and D. Though alfalfa is especially adapted to the semi- 
arid plains and the irrigated districts of the West, it can be profitably 
grown in most districts of the United States where the soil is deep, well- 
drained, and not so acid as to make the cost of liming prohibitive. 

According to the United States Census 11,515,811 acres of alfalfa 
were grown in this country in 1929 with an average yield of 2.04 tons of 
hay per acre, making a total production of 23,493,505 tons of hay. 
During the period from 1909 to 1935 the acreage of alfalfa has nearly 
trebled, and in 1935 over one-third of all the tame hay raised was 
alfalfa. 

The reasons for this steady increase in the popularity of alfalfa are 
revealed in the following table. This shows the average yield per acre 
throughout the country of alfalfa hay, of clover hay (red, alsike, or 
mammoth ) grown alone, of timothy and mixed timothy-and-clover hay, 
and of corn silage. 


Average returns per acre from alfalfa hay and other crops 



Yield 

Dry 

Digestible 

Total dig. 


per acre 

matter 

protein 

nutrients 


Tons 

Lbs. 

Lbs. 

Lbs. 

Alfalfa hay 

...2.04 

3,688 

432 

2,052 

Clover hay 

1.48 

2,601 

207 

1,536 

Timothy and timothy-clover hay 

1.23 

2,173 

90 

1,167 

Corn for silage 

7.28 

3,888 

160 

2,533 


This table, computed from the average yields for the whole country, 
shows that alfalfa produces a much larger yield of hay and of dry matter 
per acre than clover or timothy and mixed timothy-and-clover. It is 
but slightly excelled in yield of dry matter per acre by com grown for 
silage. 

In furnishing protein the superiority of alfalfa is striking. It pro- 
vides over twice as much digestible protein per acre as clover hay, about 
five times as much as hay from timothy and mixed timothy-and-clover, 
and 2.7 times as much as corn silage. In yield of total digestible nutrients 
(including fat multiplied by 2.25) it is excelled only by com silage, and 
it furnishes nearly twice as much total digestible nutrients per acre as 
timothy or mixed hay and one-third more than clover hay. When we 
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consider in addition the facts that alfalfa hay is much richer in calcium 
and is also higher in vitamin A than these other crops, its importance 
in stock farming becomes fully apparent. 

Considerably larger yields of alfalfa hay are secured under favorable 
conditions than the average shown in the table. Even under conditions 
in the eastern states, yields of 3 to 4 tons per acre during the season are 
not uncommon. In the West very heavy yields are often secured when 
the crop is amply watered by irrigation. In the hot irrigated districts 
of the Southwest 9 or even more cuttings are sometimes made in a year. 
Where both soil and climate are suitable, this long-time perennial re- 
turns good crops for many years without reseeding. When high tem- 
perature is combined with a humid climate, alfalfa generally fails unless 
the soil is unusually favorable. 

The good yields of alfalfa in some of the non-irrigated, semi-arid 
sections of the West are due to the fact that alfalfa sends its roots deep 
into the subsoil, drawing from a great depth moisture which has grad- 
ually been stored over a long period. In a dry climate this brings about 
a decided depletion in the moisture of the subsoil. For example, in 
Nebraska experiments it was found that in a 6-year-old field of alfalfa 
the moisture in the soil had been reduced to a depth of 35 feet.^^ During 
15 years of cropping to cereals after breaking up the alfalfa sod, the 
water content of the soil increased so slowly that it was estimated 225 
years would be needed to restore the subsoil moisture removed by 6 
years of alfalfa. 

This depletion of subsoil moisture is one of the chief reasons why 
alfalfa often fails to thrive in such dry districts when seeded on land 
which previously has been in alfalfa several years. The very efficiency 
of the crop in obtaining water thus proves its undoing on that particular 
field. This probably has been the chief cause of a decrease in alfalfa 
acreage in certain western states during the past few years.^^ 

"^^ere alfalfa thrives best, it will produce a larger yield when seeded 
alone than when sown with timothy or other grasses. In sections where 
alfalfa is a somewhat uncertain crop, a mixture, especially alfalfa and 
timothy, is often advantageously used, as an insurance against total 
loss of the crop in case the alfalfa should winterkill.^ Also, growing the 
alfalfa in mixture with timothy or other grass may aid in preventing 
winter injury, as the fibrous roots and the fall growth of the grass will 
lessen the heaving of the soil. Early-cut mixed alfalfa-and-timothy hay 
containing a good proportion of alfalfa is very satisfactory for feeding 
dairy cattle, beef cattle, sheep, and horses. 

369. Varieties and types of alfalfa. — The variegated alfalfas are of 
much importance in the northern-most states and in Canada, as they 
are much more winter hardy than ordinary alfalfa. These varieties, 
which have various-colored and variegated blossoms, are hybrids between 
ordinary alfalfa and the yellow-flowered or Siberian alfalfa {Medicago 
falcata). To this class belong the well-known Grimm, Cossack, Ontario- 
Variegated, Baltic, Ladak, and Hardigan varieties. Turkestan alfalfa is 
indistinguishable from ordinary alfalfa in growth. It is somewhat hardier 
but usually yields less hay. Peruvian alfalfa is a rapidly-growing, non- 
hardy type, which is particularly well adapted to the southern-most 
alfalfa districts. 
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Numerous trials have been conducted by the various experiment 
stations to determine the best varieties and the best sources of seed for 
the various regions. Any person in doubt as to the best kind of seed to 
sow should secure advice from his state experiment station, agricultural 
college, or county agent. In general, for the extreme northern sections 
the hardy variegated strains are by far the best. A little farther south, 
northern-grown common alfalfa seed is entire^ satisfactory, and is 
much superior to seed from mild sections. In the central part of the com 
belt and southward the ordinary strains of common alfalfa may be used 
safely. 

370 . Differences in composition and value of alfalfa hay. — ^Alfalfa 
hay, like all other kinds of hay, varies widely in value, depending, first 
of all, on how it was cured. Bright, ‘‘pea green’’ hay, cured when 
there was no rain and with little shattering of leaves, has the highest 
feeding value per ton and commands the highest price. Since the 
leaves contain about 3 times as high a percentage of protein as the 
stems, a considerable loss of leaves in hay-making not only decreases 
the yield of hay but also decidedly lowers the value per ton. When 
alfalfa was harvested at various stages from before bloom to full bloom 
in Nebraska trials, the leaves formed 49 to 57 per cent of the hay, but 
on account of their richness in protein they contained 70 to 75 per cent 
of the protein in the entire crop of hay.^^ 

Exposure to rain, particularly when the hay is nearly cured, will 
leach out a considerable part of the most soluble nutrients, as has been 
shown in Chapter XI. (322-325) Hay which is of good quality but 
not bright green in color may be about as valuable, except from the 
vitamin standpoint, as the more prized kind, provided it is as leafy and 
has not been leached by rain. 

With hay cured equally well, the chief factor affecting the com- 
position is the stage of maturity at which it is cut. The earlier the hay 
is cut, the higher will be the percentage of protein, the lower will be 
the percentage of fiber, and the greater will be the digestibility. (Ap- 
pendix Table I.) In general, hay cut reasonably early (when from one- 
tenth to one-half in bloom) is preferred for dairy cows, beef cattle, 
sheep, swine, and poultry. Hay cut in full bloom is preferred for 
horses, as early-cut hay may be too laxative. Hay cut too early may 
also cause scours in young calves. 

If alfalfa is cut for hay before full bloom, the feeding value depends 
more on proper curing than upon extreme earliness of cutting. In 5 
Arizona trials alfalfa hay cut at the bud stage was somewhat more 
palatable to dairy cows than that cut when one-third in bloom, but 
there was little difference in the feeding value per ton.^® In Kansas 
tests with beef steers, hay cut when one-tenth in bloom produced twice 
as much gain per ton as hay cut in the seed stage.^® Hay cut at the 
blossom-bud stage made 18 per cent more gain per ton than hay cut 
when one-tenth in bloom. For poultry and rabbits hay cut at an early 
stage of maturity is decidedly preferred. 

The protein content of alfalfa hay varies considerably, even in hay 
harvested at the same stage of maturity and well cured. Occasionally 
it will contain no more protein than clover hay. The value of brown 
alfalfa hay has been discussed in Chapter XI. (333) 
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371. « Effect of stage of cutting on longevity of alfalfa. — In decid- 
ing upon the stage of maturity at which to cut alfalfa for hay one must 
consider not only the quality of the hay, but also the effect upon the 
vigor and length of life of the plants. Extensive experiments have 
shown conclusively that, except perhaps where the conditions are most 
favorable to alfalfa, repeated cutting of a field much earlier than full 
bloom will weaken the plants and shorten their life.^’' This is due to a 
depletion of reserve food in the alfalfa roots, brought about by the early 
and frequent cutting. These reserves are built up in the roots during 
the blossoming period and later. 

Cutting a vigorous stand occasionally as early as the tenth-bloom 
stage will not usually produce any noticeable injury, but the same field 
should not be cut early repeatedly. Where the winters are not severe 
and the soil is well adapted to alfalfa, continued early cutting (not 
earlier than about one-tenth bloom) will be even less injurious and may 
produce the largest yield. 

In the northern states it is usually best not to cut alfalfa repeatedly 
earlier than fhe tenth-bloom stage, and preferably not earlier than the 
half-bloom stage when it is desired to keep the stand for several years. 
The same area should not be cut first each year, and it is wise to cut a 
new seeding after the cutting of the older stands has been completed. 
When leafhopper infestation is severe, cutting the crop at a particular 
time may aid in preventing damage. If alfalfa has been injured by 
severe winter weather, cutting it at the full-bloom stage the following 
spring will aid it to recover. 

Where the winters are severe, the stand is maintained better if 
the alfalfa is not cut for hay in the fall or grazed closely, but a growth 
6 inches or more in height is left for winter protection. Wisconsin 
experiments show that when it is desired to cut alfalfa or to graze it 
in the fall, the stand is injured less if this is delayed until late October, 
by which time the fall growth will have been made and the storage of 
nutrients in the roots will have taken place. 

Since the best practice will differ considerably in the various sec- 
tions of the country, any person in doubt as to the best time to cut the 
crop should consult his agricultural college, experiment station, or 
county agent. 

372. Value of different cuttings of alfalfa. — The relative value of 
the different cuttings of alfalfa hay will depend on climatic conditions. 
In the com belt and eastward the first cutting of alfalfa is commonly 
coarser and less leafy than the later cuttings and is hence of somewhat 
lower value, when the different cuttings are equally well cured. Also, 
the weather is often less favorable for curing the nrst crop. 

In many sections a decided prejudice exists among stockmen in 
favor of certain cutting, while the actual difference in value may be 
slight. For example, on account of a wide-spread opinion among Utah 
dairymen in favor of first-cutting alfalfa, two comparisons were made 
of first-, second-, and third-cutting hay.^® To make the test as much as 
possible upon the different cuttings of hay, the alfalfa was fed as the 
only roughage, with a very limited amount of concentrates. It was 
found that the actual advantage of any one cutting over the others was 
almost negligible. 
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In Washington, where there was a decided prejudice against second- 
cutting hay, there was no appreciable difference in the feeding value 
for lambs between the first, second, and third cuttings cut at the same 
stage of maturity.^® Similar results were secured in Utah tests.^^ 

In certain sections of the West wild foxtail, or squirrel-tail grass 
(Hordeum jubatum), injures the quality of the first cutting on account 
of its objectionable beards. As this grass makes palatable hay when 
cut early, the crop may be harvested then or may be ensiled, which will 
soften the beards. 

373. Value and use of alfalfa hay. — Alfalfa hay is considerably 
richer than red clover in protein, averaging 14.7 per cent in comparison 
with 11.8 per cent for red clover, and the protein in alfalfa is also more 
digestible than that in clover hay. This results in alfalfa furnishing 
one-half more digestible protein than clover hay. It supplies 10.6 lbs. 
digestible protein per 100 lbs., on the average, against 7.0 lbs. for red 
clover. 

There is therefore a decided difference in the amount of protein 
supplements required to balance the ration when dairy cows, beef cattle, 
and sheep are fed alfalfa hay in place of clover hay. Indeed, as 
pointed out elsewhere, sometimes no supplement whatsoever may be 
needed with alfalfa, while a supplement may be required with clover 
hay to make a properly-balanced ration. The fact that the proteins of 
alfalfa combine efficiently with the proteins of the cereals and of such 
forage as corn silage has been discussed earlier in this chapter. (361) 

Alfalfa hay is exceptionally high in calcium, containing 1.43 per 
cent, on the average. This adds to its value, particularly for dairy 
cows, breeding stock, and young growing animals. It is only fair in 
phosphorus content, the average being only 0.21 per cent. Well-cured 
alfalfa hay is very rich in vitamin A value (carotene content), and it is 
also one of the best sources of vitamin D among common stock feeds. 

Alfalfa hay supplies practically as much total digestible nutrients 
as does red clover hay, and is appreciably higher than timothy hay. 
However, investigations by Armsby and later by Forbes and Kriss with 
cattle and by Mitchell and associates with sheep have shown that alfalfa 
hay is slightly lower in net energy than clover hay and decidedly lower 
than timothy hay.^^ 

This lower net energy value of alfalfa hay is apparently due to 
a stimulating effect on heat production and body metabolism produced 
by the protein compounds it furnishes so liberally. These investigations 
do not mean that timothy hay is superior to legume hay in general nu- 
tritive effect. This is the only respect in which timothy hay of the usual 
quality equals alfalfa or clover in nutrition. Perhaps this stimulating 
effect on metabolism produced by hay from alfalfa and other legumes 
(which stimulation reduces its energy value) is one of the very reasons 
why such excellent production is secured when dairy cows and other 
stock are fed plenty of good alfalfa hay. 

Occasionally cattle or sheep fed leafy, good-quality alfalfa hay as 
the only roughage will tend to bloat. Such a tendency may usually 
be prevented by feeding some non-legume roughage, such as com or 
sorghum silage, along with the alfalfa. 

The value and use of alfalfa hay for the various classes of stock 
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are discussed in detail in the respective chapters of Part III. The use 
of alfalfa straw or chaff is treated later in this chapter. 

374. Alfalfa meal; alfalfa leaf meal; alfalfa stem meal. — In cer- 
tain of the western alfalfa sections the production of alfalfa meal is of 
considerable importance. Alfalfa meal should be made from a good 
grade of hay, with no addition of alfalfa straw. A good green color is 
desirable, as this indicates it has been made from hay of satisfactory 
quality. 

Compared with hay, the meal is easier to transport to distant mar- 
kets, and for animals having poor teeth the grinding is undoubtedly 
beneficial. In feeding dairy cows the bulky meal may also be helpful 
in diluting heavy concentrates, which, if carelessly fed, may cause diges- 
tive disturbances. However, hay can be readily chopped sufficiently fine 
for this purpose by running it through an ordinary silage cutter. Alfalfa 
meal is used chiefly as an ingredient in mixed feeds, and is especially 
desirable in poultry feeds and in mixed swine feeds for winter feeding, 
on account 6£ the vitamins and the calcium and protein it furnishes. 

If legume ha^ is not available for livestock, the purchase of alfalfa 
meal as such may be warranted, but most farmers can grow good legume 
hay more cheaply than they can buy it in feed sacks. It must be borne 
in mind that fffie grinding does not transform a roughage into a concen- 
trate, nor does it increase its digestibility for animals with good teeth. 
Any advantage from grinding or chopping hay probably results from a 
saving in wastage or in getting animals to eat more than they would 
otherwise consume. The effect of grinding or chopping hay for the 
various classes of stock is discussed in detail in Chapter IV and in 
Part III. 

It is often impossible to determine without chemical or laboratory 
analysis whether alfalfa meal has been made from leafy, early-cut hay or 
from over-ripe, stemmy material. Hence the meal should be purchased 
on guarantee of composition, special attention being paid to the fiber 
content, which in first-class meal should not be higher than in good- 
quality hay, or 29 to 30 per cent. According to the definitions of feeding 
stuffs adopted by the Association of American Feed Control Officials, 
alfalfa meal must not contain more than 33 per cent of crude fiber 

Alfalfa leaf meal, made from the finer parts of alfalfa hay, is con- 
siderably higher in protein content than ordinary alfalfa meal or hay 
and commands a high price for poultry feeding. For other classes of 
stock its use is not economical, except perhaps for very young pigs 
in the winter. The definition for alfalfa leaf meal adopted by the 
Association of American Feed Control Officials states that it must not 
contain more than 18 per cent of crude fiber. 

Alfalfa stem meal is the product screened from ground alfalfa hay 
in making alfalfa leaf meal. It is considerably lower in protein and 
higher in fiber than good alfalfa meal, and has a correspondingly lower 
feeding value. When very finely ground, it may be difficult to distin- 
guish alfalfa stem meal from alfalfa meal, without laboratory exami- 
nation. 

As has already been mentioned alfalfa meal is used quite exten- 
sively as an ingredient in commercisJl mixed feeds. These and also 
alfalfa-molasses feed are discussed in Chapter XIX. 
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375. Alfalfa for pasture. — Alfalfa provides a large yield of highly 
nutritious pasture, but it has definite limitations' as a pasture crop. 
In humid regions heavy grazing is very apt to injure the stand, espe- 
cially if the fall growth is grazed closely in the North. Also, cattle and 
sheep are subject to bloat on alfalfa. Horses are rarely affected. In 
spite of these limitations alfalfa provides such excellent pasture that 
it is grazed extensively, even in the eastern states. 

To avoid serious injury to the stand, fields should never be pas- 
tured until they have become well established, and animals should be 
kept off when the ground is frozen, soft, or muddy. Heavy stocking of 
the pasture is decidedly injurious, especially with horses and sheep, 
which gnaw the plants to the ground. Except in districts to which 
alfalfa is particularly well adapted, it is best to provide a sufficient 
area of pasture so that considerable will grow up to be cut for hay 
once or twice during the season. A still better plan is to pasture a given 
area during only part of the growing season, making one or more 
cuttings of hay at the usual stage of maturity. 

The danger to cattle and sheep from bloat varies greatly with 
climate and other factors. Though it is always present to some degree, 
in such sections as the irrigated districts of the Southwest but trifling 
loss is experienced. Sheep are more subject to bloat than cattle. Where 
cattle or sheep are grazed on alfalfa, the following precautions should 
be taken : 

For permanent pasture sow with the alfalfa, such grasses as blue- 
grass, brome grass, or others adapted to your conditions. Use upland 
in preference to lowland for pasture, and have a constant supply of 
water for the stock. Frosted alfalfa is especially dangerous, but in 
the late fall after the crop has dried, it may be grazed again. Before 
turning animals on alfalfa for the first time, allow them to fill up on 
hay or on grass pasture, with grain in addition, if they have been 
accustomed to it. Then in the middle of the forenoon turn them on 
the alfalfa. 

Though some advise allowing the stock to graze only a few minutes 
the first day and gradually increasing the length of time on the follow- 
ing days, it is probably safer to keep them on the pasture continuously, 
for then they will never consume undue amounts at one time. When 
alfalfa pasture is being used for cows in milk, they should be kept on 
the pasture except at milking time and should never be allowed to get 
very hungry before being turned back on the pasture. Many advise 
keeping some hay or straw in a rack where it is always accessible. 

Watch the stock closely for the first few days and remove perman- 
ently any animals which exhibit symptoms of bloat, for individuals 
show great differences in their susceptibility to the trouble. A method 
sometimes used in starting cattle on alfalfa, is to cut part of a field 
and turn the cattle upon this portion after the alfalfa is half dry. 
Then after they are well filled, they are allowed to eat whatever of 
the green crop they wish. 

376. Bloat. — Bloat is caused by an extremely rapid production of 
gases, chiefly carbon dioxide, in the paunch through the fermentation of 
the succulent forage. The gas is produced faster than it can escape 
through the gullet, and thus the paunch becomes greatly distended. 
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This distension may entirely close the exit and the increasing pressure 
may rupture the paunch and hence kill the animal. 

In severe cases of bloat prompt measures of relief are necessary. 
Sometimes vigorous rubbing and kneading of the abdomen will help 
the animal to get rid of the gas. If possible the animal should stand 
on an incline, with its head up the slope. 

In severe cases of bloat care must be taken not to waste much 
valuable time before resorting to the tapping of the paunch by, means 
of the trocar, or if this handy instrument is not available, with a 
clean knife. 

377. Alfalfa as a soiling crop. — ^Alfalfa is one of the most valuable 
of all soiling crops, owing to the large yields and to the fact that under 
proper management it will furnish good feed throughout the entire 
summer. Much more forage, even twice as much in some cases, is 
secured from a given acreage as a soiling crop, than when pastured. 

In certain hot irrigated sections of the West where no grasses make 
satisfactory summer pasture, dairy cows are often maintained chiefly 
on green alfalfa during much of the year. The use of soiling crops 
has been discussed in detail in the preceding chapter. (355-357) 

378. Alfalfa silage. — Good silage can be made from green alfalfa 
by using one of the special methods explained previously (347), or when 
it is mixed with a crop rich in sugars, such as green corn or sorghum.^^ 
Making part of the alfalfa crop into silage is of advantage where the 
weather at haying time is apt to be so rainy that it is difficult to make 
good hay. Also, if one wishes to produce market milk with the maximum 
yellow color in winter, alfalfa silage or other ‘'grass silage’’ is desirable 
as part of the roughage, because it is higher than alfalfa hay or com 
silage in carotene. 


III. Medium Ked Clover 

379. Medium red clover. — Medium red clover {Trifolium pra- 
tense), commonly known merely as red clover, is still the most impor- 
tant legume in the humid sections of the northern two-thirds of the 
United States. It is chiefly seeded in combination with timothy, only 
4,202,607 acres of clover (red, alsike, and mammoth) being grown alone 
in this country in 1929, in comparison with 25,547,279 acres of timothy 
and mixed timothy and clover. Grown in rotation with corn and other 
cereals, clover is not only excellent for hay, for pasturage, and as a soil- 
.ing crop, but it is also important in maintaining soil fertility. 

The value of clover and other legumes in increasing the yields of 
other crops through the nitrogen they add to the soil is shown in a 
striking manner by experiments covering 30 to 40 ye^rs conducted by 
the Ohio, Pennsylvania, and Missouri Stations.^® In these studies short- 
time rotations which included clover have been compared with con- 
tinuous cropping to com, oats, wheat, etc. The increases in the value 
of the grain crops due to the growing of clover were worth even more 
than the actual value of the clover harvested. Thus the hay value of 
the clover crop was less than half its total value. 

Red clover does best on well-drained soils rich in lime, but it grows 
satisfactorily on fields which are a little too acid or not quite well 
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enough drained for alfalfa. It stands severe winters better than alfalfa 
but does not endure drought so well, as the roots do not go so deep. 
But few plants live over three years, and when grown alone the crop 
is usually treated as a biennial. Pastured plants persist longer than 
those cut for hay, and in the Pacific Coast States and northern Europe 
satisfactory yields are often secured for three years. Alsike clover is 
commonly seeded with red clover where the soil drainage is not ideal, 
for alsike will thrive better on any poorly-drained spots in the field. 

Red clover generally yields a heavy first crop of hay and a much 
lighter second crop, which is often allowed to mature for seed. When 
red clover is seeded in the spring with a small grain crop, as is the 
common practice, it will furnish some pasturage the same fall, or even 
a hay crop if the season is especially favorable. In the southern states, 
where it does not thrive during the heat of summer, red clover is 
sometimes grown as a winter annual, the first crop being cut in the 
spring and the second in early summer. At the northern limits of its 
culture but one cutting is produced. 

The average yield of clover hay per acre, according to the Census 
of 1930, was 1.48 tons, but under favorable conditions much higher 
returns are secured, the yield in 2 cuttings ranging from 2 to 3 tons 
or even more per acre. Where it flourishes, alfalfa out-yields red clover. 
However, red clover is better adapted for short-time rotations than the 
longer-lived alfalfa, which is often difficult to establish and is then 
grown in the same field for many years, if possible. 

In many cases the growing of red or mammoth clover has been 
abandoned on account of failure to secure stands. Such “clover sick- 
ness’^ of the soil may be due to certain diseases, but in most cases it 
means that lime, phosphate, and possibly potash are needed, or that 
unsuitable seed has been used. Farmers who willingly prepare fields 
thoroughly for alfalfa often fail to make reasonable efforts to get good 
stands of clover. 

Sometimes clover is badly covered with a powdery mildew and 
farmers wonder whether there will be any danger in using it for hay 
or pasture. Apparently, this will not injure stock at all.^® 

380. Sources of seed. — Many trials have been conducted by the 
experiment stations and by the United States Department of Agricul- 
ture to compare red clover seed from various sources. These investiga- 
tions show that it is very important to use a strain of seed that is well 
adapted to the particular district where sown. Seed from Italy or 
other southern European countries has been found unsuitable for any 
section except the Pacific Northwest, for it is not hardy. In the 
northern states, except in this Pacific district, seed from these same 
states or Canada should be used, if possible, instead of any imported 
seed, for these plants stand the winters better. 

Of the imported seed, that from northern Europe and Chile has 
given much better results than southern* European seed. In the south- 
ern part of the clover belt seed of a strain resistant to anthracnose 
should be used, if possible. It is easy to distinguish American strains 
of red clover from the European, for the leaves of the former are 
covered with fine hairs, while the leaves of the latter are practically 
hairless. 
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381. Stage to cut clover for hay. — ^Unless the weather is decidedly 
unfavorable, the first crop of red clover should be cut for hay not 
later than full bloom, and preferably when two-thirds in bloom. The 
quality of the hay will then be much better, it will be richer in protein, 
and the yield of hay or seed in the second crop will be much larger 
than if cutting is delayed.^^ The yield of hay in the first cutting made 
at this stage will not usually be quite so great as when the cutting is 
delayed a few days, but the total yield of both crops will be greater 
and the hay is of higher value. 

382. Value and use of red clover hay. — Red clover hay is second 
only to alfalfa hay in value for livestock, and for certain classes of 
stock is fully equal to alfalfa. When cut at the usual stage of maturity, 
it supplies only about two-thirds as much digestible protein as alfalfa 
hay. Therefore in feeding dairy cows and other classes of stock, a 
somewhat larger amount of protein supplements is often needed with 
red clover hay to balance the ration. If clover hay is cut early it may 
be practically as rich in protein as ordinary alfalfa. 

The differeftce in protein content and a slightly greater palatability 
are the chief reasons why alfalfa hay usually sells at a somewhat higher 
price than clover hay of equal quality, for clover hay supplies a trifle 
more total digestible nutrients than alfalfa and slightly surpasses it 
in net energy. The use and value of clover hay for the various classes 
of stock are discussed in the respective chapters of Part III. It is there 
shown that well-cured clover hay is excellent for all classes of stock. 
While it is not quite so valuable as alfalfa per ton for dairy cows, for 
growing cattle and lambs, and for swine, it apparently equals alfalfa 
for horses and for fattening steers and lambs. 

The value of mixed clover-and-timothy hay will depend on the 
proportion of clover present and on the stage of maturity at which it 
is cut. The more clover there is in the hay, the greater will be its value 
for all classes of stock except horses. Many farmers greatly overesti- 
mate the actual proportion of clover present in mixed hay. Late-cut 
mixed hay is a poor roughage for dairy cows or sheep. 

The use of clover straw or chaff is discussed later in this chapter. 

383. Clover for pasture. — ^Red clover does not usually persist in 
permanent pastures, but it is one of the best pasture crops to be grown 
in rotations. Where alfalfa thrives, it will furnish more feed per acre 
than red clover, especially in the dry time of midsummer. However, 
for pasturing cattle and sheep red clover is safer than alfalfa, because 
there is less danger from bloat. Even with clover the precautions 
stated previously in this chapter should be taken to avoid trouble. With 
mixed clover-and-timothy pasture, which is used for such stock much 
more commonly than pure clover, there is little danger from bloat. In 
the northern and central states, red clover is one of the most valuable 
pasture crops for swine, being excelled only by alfalfa. 

-Like alfalfa, red clover will not stand too close pasturing. Much 
more feed per acre will be produced if care is taken to avoid this. 
Clipping the pasture at the usual time for the first cutting of hay will 
stimulate the new growth. 

384. Clover as a soiling crop and for silage. — Clover is particularly 
valuable as a soiling crop, ranking next to alfalfa among legumes 
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available for this purpose. When clover is cut early, it at once starts 
growth again if the weather is favorable, and it may furnish three or 
even four cuttings of green forage a year. 

Silage of good quality can be made from green clover by using one 
of the special methods explained previously (347), or when it is mixed 
with a crop rich in sugars, such as green corn or sorghum. It may be 
advantageous to make part of the clover crop into silage instead of hay, 
where the weather at haying time is generally so rainy that it is very 
difficult to make hay of good quality. 

Red-clover silage was a satisfactory winter feed for dairy cows in 
trials at the Montana Station, but in summer it became darker in color 
and acquired a strong odor.^® Cows at the Pennsylvania Station main- 
tained their yield better when fed red-clover silage and mixed hay as 
roughage than when the only roughage was the mixed hay.^® 

IV. Other Clovers 

385. Mammoth clover. — Mammoth clover (Trifolium pratense pe- 
renne) grows ranker than medium red clover, has coarser stems, and 
blooms 1 to 2 weeks later. It usually lives 3 years or more and thrives 
better on poor or sandy soil than does red clover. As it is coarser, 
the hay is more difficult to cure and somewhat less palatable. Since 
it yields but a single cutting during the season, this clover is frequently 
pastured for several weeks in the early spring. After the stock is 
removed, the plants shoot up and are soon ready for the mower. 

386. Alsike clover. — This variety of clover (Trifolium kybridum), 
once supposed to be a hybrid between red clover and white clover, 
flourishes on land too acid or too wet for other clovers and is a hardier, 
longer-lived plant, enduring 4 to 6 years on good soil. Since it yields 
but one cutting with some fall pasturage, it is excelled by red clover 
where the latter thrives. It should be seeded with timothy or other 
grasses to support the weak stems. Many farmers include some alsike 
in their seedings of red clover and timothy. Alsike hay is fine-stemmed 
and fully equal to red clover in value. 

387. White clover. — This creeping perennial (Trifolium repens) 
has the widest range of any of the clovers, thriving in almost any soil 
from Canada nearly to the Gulf of Mexico, if moisture is ample. In 
the North it is an important plant in mixed pastures, forming a dense 
mat of herbage and furnishing feed throughout the growing season. 
On account of its creeping growth it forms seed even when grazed 
closely, and thus spreads rapidly in pastures when conditions are 
favorable. In the South it nearly disappears in summer but reappears 
in the fall, furnishing winter pasturage and thus combining well with 
Bermuda grass. Owing to the low, creeping growth of ordinary white 
clover, it does not yield hay. 

The white clover which often appears spontaneously in many pas- 
tures under favorable conditions is usually a wild type with smaller 
leaves than the common variety (known as white Dutch clover’')- 
This vnld white clover is longer-lived and apparently better adapted 
for seeding in permanent pasture mixtures, when the seed is available. 

388. Ladino clover. — Ladino clover, a large-growing variety, of 
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white clover from Italy, has recently attracted considerable attention 
in the United States. It is of much promise for pastures in the sections 
where it thrives, and it is apparently adapted to soils on which alsike 
clover will do well.^® It has given especially good results in the irri- 
gated sections of the northwestern states, where it is one of the most 
productive pasture crops. Continuous close grazing will kill it, and 
also there is some danger of cattle and sheep bloating on Ladino clover 
pasture. 

389. Sweet clover. — ^Recently sweet clover has become an impor- 
tant crop, especially for temporary pasture, over extensive areas in the 
United States. In 1929 there were 1,759,479 acres of sweet clover 
pasture in the country. The kind most grown is the biennial white 
sweet clover (Melilotus alba), also known as melilot and Bokhara clover. 
Yellow-flowered biennial sweet clover (Melilotus officinalis), two weeks 
earlier in blossoming and somewhat smaller in growth, has usually given 
lower yields than the white kind. These biennial varieties are usually 
seeded in spying grain, and reach maturity and die in August of the 
following year. * 

An annual variety of the white sweet clover, called Hubam clover, 
is useful as a green-manuring crop to be seeded in spring grain and 
plowed under in the fall. When the biennial varieties are used for this 
purpose or even plowed under very early in the spring, they are apt 
to volunteer and cause difficulty in the succeeding crop. For hay or 
pasture the first year, Hubam has not in general been superior to the 
biennial kinds. 

Sweet clover stands drought nearly as well as alfalfa and will 
grow on soil which is so poorly drained or so low in fertility and 
humus that alfalfa or red clover vrill not thrive. However, it is about 
as particular as alfalfa about soil acidity, an ample supply of lime, and 
proper inoculation. In the West it is a good crop for alkali soils or 
hard adobe. In the North sweet clover is subject to injury from heaving 
during the winter, the same as alfalfa. 

390. Sweet clover for pasture, — Sweet clover is primarily a pas- 
ture plant, and in the second year of its growth will usually produce, 
from spring to mid-August, a larger yield of dry matter than any 
other pasture crop. It is therefore useful to supplement permanent 
pastures, especially for dairy cows. 

At first stock usually dislike sweet clover, on account of the bitter 
taste due to the cumarin it contains, but generally they soon become 
accustomed to it, especially if started on it in the spring, when it is 
less bitter. Often they will industriously search out every spot of grass 
and even weeds in the pasture, grazing them to the ground before 
hunger forces them to the sweet clover. In spite of this lack of palata- 
bility, stock usually thrive on sweet clover. Sweet clover is less apt 
than alfalfa to cause bloat in cattle or sheep, but the danger should be 
guarded against by taking the precautions discussed earlier in this 
chapter. (376) 

The first season ’s growth of sweet clover may be pastured after it 
is 8 to 10 inches high and until frost, but close grazing may reduce 
the yield the following year. The second season the crop will furnish 
grazing from early spring until the plants die in August, or until they 
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become too woody. By seeding sweet clover in the spring grain each 
year, it is often possible, if the growth of the first-year crop is good, 
to pasture the stock on it by the time the second-year crop is exhausted. 
It will sometimes be necessary to furnish other feed for a brief period. 
In some cases sweet clover has been established successfully in perma- 
nent-pasture mixtures by seeding two successive springs. 

Some farmers seed sweet clover in the spring without a nurse crop, 
as a hay or pasture crop for the first season. When thus seeded alone, 
yields of 1 to 3 toils of hay per acre are secured under good conditions. 

Sweet clover grows so rapidly in the spring of the year that it 
will often carry more animals per acre at this time than has been 
estimated If it grows up too rapidly, more stock should be turned in, 
for otherwise it will become woody or will set seed and die. At the 
lush period of its growth sweet clover may tend to scour cattle receiving 
no other feed. Due to this, beef cattle made poorer gains on sweet 
clover early in the season than they did later in Illinois and North 
Dakota trials.^^ 

Sweet clover has been used with great success on thousands of 
farms as a pasture for dairy cows, and with a good stand on fertile 
soil it will carry more than a cow to the acre. It is particularly useful 
in providing good feed in July and early August when blucgrass pasture 
is apt to become parched. To furnish pasture at this season a second- 
year crop must be kept closely grazed in the period of lush growth in 
the spring. There has been but little trouble from sweet clover pro- 
ducing a noticeable flavor in milk, though sometimes there is a slight 
change on sweet-clover pasture. 

In tests during four seasons at the Wisconsin Station yearling 
heifers did poorly on sweet-clover pasture in comparison with others 
on mixed timothy-and-alsike-clover pasture or on bluegrass-and-red-top 
pasture.^^ This suggests that sweet-clover pasture may generally be 
less useful for heifers than for dairy cows. 

Both second-year and first-year sweet -clover pasture is satisfactory 
for swine, though they take to it a little less readily than do cattle. 
However, alfalfa, red clover, or rape is superior where these crops 
thrive. 

391. Sweet clover for hay. — ^As a hay crop sweet clover is inferior 
to alfalfa or red clover, without considering the possible danger from 
sweet-clover poisoning referred to later. In sections where sweet clover 
seeded in spring grain makes sufficient growth after the grain is har- 
vested, it may be cut for hay the same fall. This crop, which is rather 
fine stemmed, cures much more readily than the rank growth of the 
second season and may make hay nearly equal to alfalfa, except for 
the grain stubble present. 

The second year two cuttings of hay can be made if the first crop 
is cut' early, before the blossoms appear or at least by the beginning 
of bloom. If the cutting is delayed, the rank growth is apt to kill the 
buds on the lower parts of the stems, and practically no second growth 
may be made. This cutting should be made with the mower set so as 
to leave a very high stubble, to save as many buds as possible. 

At this immature stage the plants are very succulent, and it is 
difficult to cure them into good hay, particularly with the unsettled 
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weather usual at that time in the humid sections. To make matters 
worse the stems are large and solid, while the leaves are fine and shatter 
readily. Therefore, except with a combination of care and good luck, 
the hay is apt to be stemmy and of poor quality. Sometimes the crop 
is cut with a grain binder and the bundles cured in small shocks. In 
the com belt this first cutting is apt to come just when farmers are 
busiest with their corn crop. There is much less difficulty in curing 
the second cutting, as the weather is better for hay-making and the 
plants are less succulent. 

392. Sweet-clover disease. — ^With the spread of sweet-clover grow- 
ing there have been serious outbreaks among cattle of a strange poison- 
ing caused by sweet clover hay or silage.®® This disease, which occurs 
most commonly in young cattle and which rarely, if ever, affects horses 
and sheep under farm conditions, causes a loss of the clotting power 
of the blood. Animals affected die from internal hemorrhages or from 
bleeding to death from minor wounds, such as those from dehorning 
or castration. 

The cause of the disease is in doubt, but it is usually produced 
only by moldy or* spoiled hay or silage, though spoilage is not always 
visible.®^ The disease has not apparently been caused by hay from 
the first-year crop, perhaps because there is usually little difficulty in 
curing this properly. 

The sweet-clover disease is most apt to occur when cattle are fed 
exclusively on sweet clover hay and when it is fed for a considerable 
period, though the hemorrhages may occur in iS days after the feeding 
of sweet clover hay is begun. 

Trouble from the disease may be prevented or minimized by feeding 
sweet clover hay with at least twice as much other roughage, or by 
feeding it for only a week or 10 days and then feeding other roughage 
for two weeks or more.®® 

393. Sweet clover as a soiling crop or for silage. — Sweet clover 
is sometimes used as a soiling crop, especially for dairy cows, to sup- 
plement short pasture. It is not commonly ensiled, on account of the 
difficulty of making good silage. When this is attempted, the method 
advised for alfalfa should be used, the sweet clover being allowed to 
dry out somewhat after cutting. It should be borne in mind that the 
sweet-clover disease may be caused not only by spoiled sweet-clover 
hay but also by spoiled silage. 

394. Crimson clover. — Crimson clover (TrifoUum incarnatum), an annual that 
is adapted to mild climates, is grown chiefly in the Atlantic seaboard states from 
New Jersey southward. Sown in the late summer or early fall, it blossoms the 
following spring and dies by early summer. It is grown chiefly as a green-manure 
and winter-cover crop, but is also used for pasture and hay and to some extent 
as a soiling crop. Crimson clover thrives on both sandy and clay land, if well 
drained, and has the advantage that the crop may be harvested or plowed under as 
manure early enough so that other crops may be raised the same year. 

When grown for hay, it is important that crimson clover be cut by the time 
the flowers at the base of the most advanced heads have faded. After this the 
minute barbed hairs of the blossom heads and stems become hard and wiry. If 
hay from over-ripe crimson clover is fed to horses or mules, these hairs sometimes 
mat together in the digestive tract, forming felt-like masses which plug the intes- 
tines, causing death. When over-ripe hay must be fed to horses or mules, which 
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are usually the only animals affected, it should be given with other roughage to 
reduce the danger, and preferably with succulent feeds, or else it should be wet 
thoroughly 12 hours before feeding. 

Cut at the right stage, crimson*clover hay is about equal to that from red 
clover. According to Piper, yields of hay from good stands average about 1.25 
tons per acre.s^ 

During a short period in the spring before it matures, crimson clover furnishes 
good pasturage earlier than grass or other clovers, and in warm sections, it may be 
utilized as late fall or winter pasture. 

395. Bur clovers. — The southern or spotted bur clover (Medicago 
arabica) and California or toothed bur clover (M, hispida) are winter 
annuals that furnish valuable pasturage in mild regions. The former, 
which is the hardier, is found chiefly in the southern states, and the 
latter in California and Texas. They are admirable supplements to 
Bermuda pasture, furnishing feed when that grass is resting and re- 
seeding unless grazed too closely. Even on land where summer-culti- 
vated crops are grown, bur clover volunteers in the fall, if once sown. 
Though not commonly so used, it may be seeded for hay with fall grain. 

396. Other clovers. — The hop clovers (Trifolium procumbens and 
dubium) are annual, low-growing clovers that are of importance in 
permanent pastures in some sections of the South and on the northern 
Pacific slope.^^ They furnish good early grazing, but disappear in 
summer. 

Berseem, or Egyptian clover (Trifolium alexandrinum) , is an an- 
nual clover which is adapted to hot climates, growing during the winter 
season when alfalfa is dormant. It is of much importance in Egypt 
as a hay crop, as a green soiling crop, and for green manure. Berseem 
is adapted to such sections of the United States as the Imperial Valley 
in California. It may be cut several times a season and produces heavy 
yields under favorable conditions. 

Subterranean clover (Trifolium subterraneum) is a winter annual 
which somewhat resembles bur clover. It is an important pasture crop 
in certain districts of Australia and is adapted to some areas in the 
southern states. 


V. Other Legume Forages 

397. Soybeans. — Though soybeans (Soja max) have long been one 
of the most important crops of Manchukuo, Northern China, and Japan 
they have only recently gained an important place in the agriculture 
of the United States. Prior to 1917 less than 500,000 acres of soybeans 
were grown annually in this country, including the equivalent acreage 
on which soybeans were raised in combination with corn or other crops. 
As farmers have become familiar with the merits of soybeans during 
recent years, the acreage has increased with great rapidity, and it is 
estimated that in 1930 it reached 3,758,000 acres.^® Of the entire 
acreage in that year about 56 per cent was used for hay, 14 per cent 
was grazed, and 30 per cent harvested for the seed. 

Though soybeans have now become an important crop in this 
country, especially in the heart of the corn belt, the percentage of 
crop land devoted to their culture is small in comparison with the 
soybean districts of the Orient. There they are put to many uses and 
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serve largely as a substitute for meat and other animal foods in the 
diet of the people. In several districts of Manchukuo, the most impor- 
tant center of foreign production, soybeans occupy between 40 and 65 
per cent of the cultivated area. In Illinois, which is the center of 
soybean production in the United States, the 1930 Census showed that 
the highest percentage of the cultivated land occupied by soybeans in 
any county was 11 per cent. 

Soybeans are annual legumes, bushy to twining in habit, and grow 
2 to 5 feet high or more. They thrive in practically all localities where 
com may be grown and will stand considerable frost, both in spring 
and autumn. Due to this and also to the relatively short growing 
season of early varieties, soybeans may be grown in the northern part 
of the cornbelt, where cowpeas are not a success. 

Soybeans are markedly drought resistant, and are adapted to a 
wide range of soils, even doing well on poor sandy land if the seed 
is properly inoculated. On very poor land in the South, they are 
excelled by cowpeas. The fondness of rabbits for the plants is a serious 
drawback in the plains states. Though soybeans are benefited by lime on 
lime-deficient soils, they will make a good crop on soil too sour for 
alfalfa. Unlike cowpeas, soybeans ripen their seed at one time, and 
the plants then die. 

Soybeans produce the largest yield of seed of any legume suited 
to temperate climates, but until recently the crop has been grown in 
this country chiefly for forage. The acreage of soybeans grown for 
seed in the Central States has increased greatly during the past few 
years, the seed being raised both for direct feeding to livestock and 
for sale to oil mills for the production of soybean oil and soybean oil 
meal. From New England west to Minnesota, soybeans are of less 
importance as a grain crop than farther south, because the early varie- 
ties which mature seed there are not usually heavy yielders of seed. 

For hay and other forage purposes, a relatively late-maturing 
variety of soybeans for the given locality is usually grown, as it will 
produce a larger yield for forage. Soybeans make excellent hay, grown 
alone, or sometimes in combination with Sudan grass, sorghum, or 
millet. They are often raised in combination with com for silage, and 
they are a good soiling crop for fall feeding. The uses and value of 
soybean seed and of soybean oil meal for stock feeding are discussed 
in Chapter XVIII. 

398. Soybeans for hay. — ^In most of the corn-growing districts of 
the United States, except in the most southern part, soybeans are the 
most valuable and important annual legume crop for hay. They yield 
1 to 2 tons or more per acre of palatable, protein-rich hay, which is 
an excellent substitute for alfalfa or clover in feeding all classes of 
stock. 

The portion of well-cured soybean hay that is eaten by stock is 
about equal to alfalfa or clover hay in feeding value. However, there 
is generally more waste on account of the coarseness of the stems, 
'therefore, the usual value of the soybean hay per ton, as fed, is corre- 
spondingly less than that of alfalfa or clover hay. 

In the wide region where soybeans thrive, farmers have found that 
soybeans are usually the best substitute crop for hay when clover or 




White Clover Is Valuable in Permanent Pastures 

An cxcollont sland of white clover in fXM-niiiru'nt blue-grass pasture in the corn 
belt. This dwarf, cn'c'ping clov(‘r is an important plant in mixed pastures. 



Field Peas Thrive in the Northern States 
In the cool climate of the northern states, field peas grow luxuriantly. Especially 
in combination with oats or barley, they provide good hay, soilage, or pasturage. 
(From Wisconsin Station.) 




• Velvet Beans Grown with Corn 

Velvet beans have become an important crop in some of the southern states. 
Note the velvet bean vines, which surmount the stalks of corn. (From U. S. 
Department of Agriculture.) 
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alfalfa winterkills, and many include it regularly in their rotations. 
Soybeans are also an excellent catch crop for late spring planting when 
early crops have been stricken by drought or otherwise destroyed. The 
fact that soybeans thrive over a wide range of soil conditions and on 
soils too acid or too low in lime for alfalfa makes the crop particularly 
useful. For hay, soybeans should be seeded quite thickly, so the stems 
will not be too coarse. For the same reason, the slender varieties are 
usually better for hay than the more bushy types. 

Many experiments have been conducted to determine the best time 
to cut soybeans for hay.^® They will make good hay at any stage from 
the time the pods are formed until the lower leaves are yellowing 
from maturity, but before they drop off. Most investigators have found 
that the largest yields of dry matter and nutrients are usually secured 
from the time the seeds are well formed until the lower leaves turn 
yellow. Also, it was found in experiments reviewed in Chapter XXV 
that soybean hay, cut when the seed had practically reached full 
development and the lower leaves were turning yellow, was of higher 
value per ton for dairy cattle than hay cut at an earlier stage of 
maturity. 

This high value for the late-cut hay, which is coarser and less 
leafy, is due to the fact that a considerable proportion of such hay 
consists of soybean seed, rich in protein and fat. Appendix Table I 
shows that the late-cut hay is richer in protein and total digestible 
nutrients than hay cut when the seeds are first forming. The condition 
is thus entirely different than in the case of most kinds of hay, such 
as alfalfa, clover, or timothy, for generally early-cut hay is richer in 
protein and more nutritious than late-cut hay. 

If cutting is delayed until too late, it may be difficult to cure the 
crop,' on account of the cooler weather and the more frequent rains. 
Soybeans are more readily cured than cowpeas, and even though they 
may be discolored by rains that would spoil cowpea hay, they will 
usually make palatable hay. The best hay is made by curing it in 
cocks, but if labor is limited, good hay can be made under favorable 
conditions by the use of the side-delivery rake. If the soybeans do not 
contain too much grass or weeds, the crop can be cut with a binder 
and cured in the shock like small grain. 

Combinations of soybeans with Sudan grass, sorghum, or millet 
are often grown, especially for hay. The combination of soybeans and 
Sudan grass has proved one of the best late-summer emergency hay 
and forage crops in the central com belt. The mixture usually yields 
more forage than soybeans alone, and it is easier to cure into hay. 
Such hay has a considerably higher feeding value than hay from Sudan 
grass alone. 

399. Soybeans for silage.— Good silage can be made from green 
soybean forage by using one of the special methods that have been 
explained in the previous chapter (347). Making soybeans into silage 
instead of hay is advantageous where the weather at the time in the fall 
for harvesting the crop is usually too rainy for the making of hay of 
satisfactory quality. 

A mixture of green soybeans with corn or sorghum forage makers 
first class silage without the addition of any preservative. The com and 
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the soybeans may be grown separately and mixed at the time of ensiling 
at the rate of 1 ton of soybeans with 2 to 4 tons of com forage, or the 
corn and soybeans may be grown together. 

In the several experiments in which the combination crop has 
been compared with com alone, sometimes the combination has pro- 
duced the larger yield of silage and in others there has been no increase 
in yield, or even a decrease.^® The combination silage will be richer 
in protein than corn silage, but it is apt to be a little lower in total 
digestible nutrients, for the amount of soybean seed produced will 
usually not quite make up in weight for the reduction in the amount 
of com grain resulting from growing the combination crop. If the 
conditions are ideal for com, the soybeans will be shaded so much that 
they may not form any important part of the crop. Farmers often 
greatly over-estimate the weight of soybeans in the forage. 

Considering the effect of the soybeans on soil fertility when they 
are properly inoculated and also the higher protein content of the 
silage, the growing of soybeans with silage com, particularly for feeding 
dairy cattle, seems a sound practice where the total yield of silage is 
not reduced. The best rate of seeding varies with local conditions, but 
generally it is advisable to use nearly the normal amount of corn, with 
the soybean seed in addition. 

400.. Soybeans as a soiling crop and for pasture. — Soybeans pro- 
vide a satisfactory soiling crop for fall feeding, though the green forage 
is usually less palatable to dairy cows than green com fodder, green 
alfalfa, or green clover. Soybeans are not especially desirable for use 
as a pasture crop, for the growth of the plant is stopped as soon as 
the branches are eaten off, instead of growth continuing as it does in 
the case of rape, clover, or alfalfa. Soybeans should not be pastured 
until the plants are well grown; they will then furnish a fairly-heavy 
yield of feed, but only over a rather short period. For pasture, soy- 
beans should be grown in rows to reduce the loss from trampling the 
plants. Soybeans are often planted with corn which is to be hogged- 
down or harvested with sheep, and they are only rivaled by rape for 
this purpose. 

For swine pasture in the northern states rape, alfalfa, or clover 
is preferable to soybeans, for these crops provide good feed throughout 
a much longer season and produce more pork per acre. In the southern 
states pigs are used extensively to hog-down crops of soybeans in the 
fall, and this practice has recently spread into parts of the corn belt. 
Unfortunately, as is pointed out in Chapter XXXVI, this method of 
feeding soybeans produces soft pork. 

401. Cowpea. — The cowpea (Vigna sinensis), a hot- weather annual 
that may be grown from the central part of the corn belt southward, 
is the most important legume in the cotton belt. Chiefly grown for 
forage and green manure, it also furnishes seed for humans and ani- 
mals, though the seed is usually too high priced for stock feeding. The 
Use of the seed for feeding is discussed in Chapter XVIII. 

The especial value of cowpeas lies in the fact that they will grow 
on. all types of soil and with but little attention, increasing the fertility 
of the land and furnishing excellent roughage. On the poorest soils 
in the cotton belt cowpeas will do better than soybeans, but on better 
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soils, or even on poor soils when fertilized, soybeans are usually the 
more productive crop. 

This vine-like plant does not mature in a definite time but con- 
tinues to bear pods and put forth new leaves during a long period. 
Sown at corn-planting time or later, early varieties mature the first 
pods in 70 to 90 days. The crop may be then cut for hay or the 
harvesting considerably delayed without loss. Cowpeas yield from 1 
to 2 tons per acre of a hay which is even richer than alfalfa in protein, 
though slightly lower in total digestible nutrients. It is excellent for 
dairy cattle, beef cattle, and horses. If well cured, it is equal in 
feeding value to red clover or alfalfa hay. 

Because of the succulent leaves and thick stems, the cowpea is 
difficult to cure. It is therefore usually cured in high and narrow 
cocks, after it has dried out sufficiently in the windrow. Sometimes 
the hay is cocked about frames or pyramids of poles to permit better 
air circulation. (332) When raised for hay, cowpeas are often grown 
with Sudan grass, sorghum, Johnson grass, millet, or soybeans to sup- 
port the vines and permit easier curing, as well as to increase the yield. 
Sudan grass generally excels for this purpose. 

Cowpeas are extensively grown with com or sorghum, and the 
crop grazed by cattle, sheep, or pigs. Sometimes more or less of the 
corn ears or cowpea seed is picked by hand before the stock is turned in. 

402. Field peSrs; peas and oats. — Field peas (Pisum arvense), the 
use of which as a grain crop is discussed in Chapter XVIII, are grown 
in Canada and the northern states to some extent for forage. They do 
not thrive where the season is hot. A combination of peas and oats, 
if cut early and well cured, makes nutritious hay, liked by all classes 
of stock. It is slightly richer than red clover hay in protein, but is 
usually not so palatable. 

Field-pea straw, with its finer stems and often still carrying some 
seed, is worth more than the coarser straw from field beans or soybeans. 

Peas and oats make satisfactory silage, if not ensiled until the oats 
are in the dough stage and the peas have hardened. Such silage is 
not quite equal to corn silage but is useful north of the corn belt. 
Dairy cows fed pea-and-oat silage with hay and concentrates produced 
9 per cent less milk in a Pennsylvania trial than when com silage was 
fed.^^ However, it was concluded that pea-and-oat silage was much 
better than no silage at all, and that it would often help out during 
the late summer months when pasture was short and the supply of 
corn silage exhausted. 

Oats and peas are frequently sown as a spring soiling crop, espe- 
cially for dairy cows, and are about the best early annual crop for this 
purpose. The combination is also sometimes used for pasture, particu- 
larly for swine. However, it does not furnish pasturage over a very long 
season, and stock may tramp down and waste considerable of the forage. 
Therefore, for pasture oats and peas are excelled by rape or by a 
combination of oats, peas, and rape. In certain sections of the North- 
west field peas, usually with a small quantity of oats or barley to help 
support the vines, are grown extensively for hogging-down or sheeping- 
down when the crop is nearly mature. 

In the southern states and in certain sections of the Pacific-coast 
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district, Austrian winter field peas have given promising results as a 
winter cover-crop or as a winter pasture-crop when seeded with winter 
oats or other winter grain.^^ 

403. Pea-cajinery waste; pea-vine silage. — P^a-cannery waste consists of the 
pea vines and empty pods, left after the green peas are removed at the pea-canning 
factories. It is usually put in large stacks, where the decaying outside layer pre- 
serves the mass of silage within, or else it is put in silos. 

The pea-vine silage has a strong odor, but it is relished by stock and is an 
excellent feed for dairy cows, beef cattle, and sheep. It contains considerably more 
digestible protein than corn silage, but it supplies only 86 per cent as much total 
digestible nutrients as well-eared corn silage. Where advantage can be taken of its 
richness in protein by saving on protein supplements that would otherwise be needed 
to balance the ration, pea-vine silage is worth fully 90 per cent as much as well- 
eared corn silage per ton.*3 if fed in a ration that contains more protein than is 
needed, pea-vine silage is probably worth only about 85 per cent as much as 
well-eared corn silage, but it is worth fully as much per ton as silage from corn 
cut when in the milk stage or earlier. 

Though pea-vine silage has a strong odor, it does not injure the flavor of milk, 
if fed after milking in a well-ventilated barn and if spoiled portions are discarded. 

If cannery waste is spread out thinly on a field where the grass is short, it may 
be cured into hay about equal to clover or alfalfa hay in feeding value, but this 
involves much more labor than placing it in the silo.^^ 

404. Vetch. — Only hairy vetch (Vida villosa), also called sand or Russian 
vetch, and common vetch (Vida saiiva), also known as tares or Oregon vetch, are 
important in the United States. Both are ordinarily annuals, though hairy vetch 
especially may live more than a year. Being cool-weather plants they do not thrive 
in the Central States. They arc usually fall-sown in’ mild climates, but a spring 
strain of the common vetch is sometimes grown. 

While common vetch is killed by zero temperatures, hairy vetch usually endures 
the winter in the northern states, if well established in the fall. Hairy veteli may 
be grown on poorer soil than its relative, is adapted to a wider range than crimson 
clover, and is markedly drought resistant. It is usually sown with small grain to 
support the weak vines, which clamber from 4 to 10 feet in a tangled mass. In the 
South and in western Washington and Oregon, where the winters are not severe^ 
common vetch is preferred on soil rich enough for its culture, since the seed is 
cheaper and the vines grow less tangled. 

Both kinds of vetch make good hay, usually being grown with oats or other 
small grain for this, purpose and cut when the pods are well developed. Pure vetch 
hay is rich in protein, and yields of 2.5 tons per aero are secured under favorable 
conditions. 

The vetches also furnish excellent pasture for stock, the crop sometimes being 
pastured when young and then being allowed to grow up for hay or seed. The 
combination of vetch and oats also makes good silage to use as a substitute for 
corn silage. In the coast sections of Oregon and Washington this combination is 
often sown in the fall and ensiled in early summer, thus making possible double 
use of silos during the year. In Oregon trials the average yield of vetch and oats 
for silage was 16 tons per acre, which was double that of corn.^s The vctch-and-oats 
silage was as palatable as corn silage and equalled it in feeding value. In Canadian 
trials oats-vetch-and-pea silage was slightly inferior to corn silage for milk pro- 
duction.^s 

A smooth strain of hairy vetch, called smooth vetch, has given good results in 
the South, growing in colder weather than hairy vetch but not being as hardy.^T 
Hungarian vetch (Vida pannonica), less viny than common vetch, is especially well 
adapted to the Pacific-coast section, as it is resistant to aphis and will grow on 
land more poorly drained than will common vetch.**® Monantha vetch (Vida monan- 
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tha) produces edible seed which may be used like lentils and appears promising in 
certain areas of the Gulf States and the Pacific-coast districts® 

405. Lespedeza. — Common lespedeza (Lespedeza striata) y somC' 
times called Japan clover, is a summer annual which has spread over 
most of the area from southern New Jersey and Pennsylvania westward 
to eastern Kansas, Oklahoma, and Texas. Here, even on poor soils, it 
appears spontaneously in mixed pastures and reseeds freely unless 
grazed too closely.®® 

Since lespedeza will grow on almost any soil without lime, fer- 
tilizer, or artificial inoculation, it has taken the place of red clover on 
many farms where it has become increasingly difficult to grow red 
clover. For this reason lespedeza is often grown in regular crop rota- 
tions, especially in Virginia, North Carolina, Tennessee, and Kentucky. 
In the district where it thrives, it is exceedingly valuable in permanent 
pastures, as it adds nitrogen to the soil, binds it together and prevents 
erosion, and furnishes pasturage well liked by stock. It apparently 
has not been known to cause bloat. 

Common lespedeza and the varieties which have been developed 
from it grow tall enough for hay only on rich soils. On such soil the 
growth is so thick that the yield of hay is often surprisingly large. On 
rich bottom lands yields of 2 tons of hay per acre are not unusual. 

Korean lespedeza (Lespedeza stipulacea), an earlier and taller an- 
nual species, can be grown somewhat farther north than common lespe- 
deza.®^ It has been satisfactory as far north as central Ohio, Indiana, 
and Michigan and readily produces an abundance of seed where killing 
frosts do not occur before the middle of September. It is too early 
for the extreme southern part of the country. 

Hay from the annual lespedezas is eaten readily by all classes of 
stock and may be used in the same manner as alfalfa or red clover 
hay. The annual lespedezas include common lespedeza and the varieties 
developed from it, and also Korean lespedeza. In experiments with 
dairy cattle, beef cattle, and mules, annual lespedeza has been about 
equal to alfalfa hay in feeding value.®^ In content of protein and total 
digestible nutrients it. averages slightly higher than red clover hay. 

Green lespedeza plants contain less moisture than alfalfa or red 
clover, and therefore are more readily cured. A light crop can often 
be cut and hauled the same day. To make the best hay, lespedeza 
should be cut not later than full bloom or shortly thereafter. If cut 
before bloom, a good yield of seed can often be obtained from the 
second growth. In the South mixed lespedeza-and-Bermuda-grass hay 
is often made. Lespedeza also combines well with orchard grass and 
red top, the first cutting being nearly all grass and the second prac- 
tically all lespedeza. 

Lespedeza sericeay a perennial species which is taller and has coarser 
stems than the annual kinds, is of promise as a perennial pasture and 
hay crop in sections adapted to common lespedeza.®^ The first cutting 
of hay should be made before bloom and when the plants are not more 
than about 20 inches tall, or the crop will become too woody. The 
stubble should be left 4 or 5 inches high, as the new growth comes 
from the lower part of the stems and not from the crowns, as in the 
case of alfalfa or red clover. 
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Hay from perennial lespedeza is somewhat less palatable than that 
from the annual varieties. Also the first cutting is more stemmy, and 
there may be some wastage in feeding it to dairy cattle, while horses 
and mules will eat it without much wastage. In Tennessee tests satis- 
factory results were secured when perennial lespedeza hay was fed to 
dairy cattle and horses.®^ 

406. YeUow trefoil, or black medic. — ^Yellow trefoil, or black medic (Medicago 
lupulina)j a relative of alfalfa, is a creeping annual legume which is somewhat like 
white clover in habit of growth. It is usually not prominent in permanent pastures, 
except on the black prairie soils of Alabama and Mississippi, where it occasionally 
furnishes a considerable part of the pasturage in early spring. 

407. V^vet bean. — Especially since earlier-maturing varieties were developed, 
velvet beans ( Stizolohium spp.) have become an important southern crop. The 
early-maturing varieties, which are now usually grown, thrive throughout the cotton 
belt, except in the extreme northern part. Velvet beans grow well on poor, sandy 
soils and those deficient in lime, providing they are well drained. Even the early 
varieties make a tangled mass of vines 3 to 10 feet long, while the later ones run 
15 to 40 feet. 

Velvet beans ai;e difficult to cure into hay, and over 90 per cent of the acreage 
is grown in combination with corn to support the vines. The crop is commonly used 
for grazing cattle or hogs during the autumn and winter, after most of the ears of 
corn and perhaps some of the ripe beans have been picked by hand. The velvet 
beans may decrease the yield of corn slightly, but their value for feeding purposes 
and green manuring will much more than offset any decrease. On sandy soil the 
leaves, vines, and pods do not decay readily after they are killed by frost, and the 
crop often furnishes feed until early spring. Silage may be made from the combi- 
nation of velvet beans and corn. Though it has a very dark color, it is eaten readily 
by stock.55 

Velvet beans furnish good grazing for cattle and sheep but not for swine. With 
fattening pigs the gains are usually satisfactory as long as the corn lasts, but then 
they are often poor, as is pointed out in Part III. 

The use and value of velvet-bean seed, of velvet beans in the pod, and of 
velvet-bean feed are discussed in Chapter XVIII. 

406. Forage from beans. — Field or navy beans (Phaseolus vulgaris) are grown 
for human food, instead of for feeding livestock, but the cull beans, discolored or 
otherwise unsuited for human consumption, are used for stock feeding, as is dis- 
cussed in Chapter XVIII. The straw from field beans, often called “bean pods,*' 
is frequently fed to dairy cows or to fattening sheep or cattle. Its value will vary 
widely, depending on whether it has been damaged by weather. (418) 

Pinto beans are raised for the seed in certain sections of the Southwest. The 
straw varies considerably in value, like that of field beans.se 

Hay from tepary beans (Phaseolus acutifoli/us), another crop of the Southwest, 
was equal to cowpea hay or alfalfa hay for dairy cows and heifers in Oklahoma 

tests.cT 

409. Motb. or mat bean. — The moth or mat bean (Phaseolus aconitifolius) is 
an annual legume that somewhat resembles the cowpea in manner of growth. In 
northern Texas it was superior to the latter, being more drought resistant and curing 
more readily, and it was also promising in California tests.ss It makes excellent, 
leafy hay, if cut when the first pods are ripe. 

410. Mung bean. — The mung bean (Phaseolus aureus) also resembles the cowpea 
in growth, but is less viny. It is adapted to similar conditions as cowpeas, producing 
fair yields on poor soils where alfalfa will not thrive. Though introduced into the 
United States many years ago, it has never been grown extensively, apparently 
because cowpeas are usually a better crop. It was concluded from recent Oklahoma 
tests that mung beans were of promise as a hay crop for dairymen on poor upland 
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soil. The hay is rather stemmy and there is often considerable waste in feeding it. 
In the Oklahoma tests mung bean hay was worth 75 to 90 per cent as much per ton 
for dairy cows as No. 1 alfalfa hay, and in an Arkansas trial chopped mung bean 
hay was equal to alfalfa hay for dairy heifers.®® 

411. Jackbeau. — The jackbean (Canavalia ensiformis) is a vigorous-growing 
annual legume, producing a large yield of seed in pods 9 to 14 inches long. These 
beans are unpalatable and not well digested by stock, and as a forage plant the 
jackbean does not seem to offer advantages over the common legumes.®® 

412. Hyacinth bean. — The hyacinth bean, or bonavist (Dolichos lablab), an 
annual which resembles the cowpea but is more viny, is often grown as an orna- 
mental. Tests have not yet indicated that it is superior to cowpeas for general use. 

413. Peanut. — As is pointed out in Chapter XVIII, peanuts (Arachis hypogea) 
are grown chiefly for the underground nuts. These are used for human consumption, 
for oil production, or for hogging-down. However, when peanuts are raised for 
market, the forage is a valuable by-product.®! 

The peanuts are usually harvested with a digger which cuts off the lower 
roots and lifts the plants with the nuts attached. After the leaves have wilted 
somewhat, the plants are stacked about stakes set in the ground. To keep the 
plants off the ground, two cross pieces are attached to each stake at right angles 
to each other and 8 to 12 inches from the ground. After curing for 3 to 6 weeks, 
the nuts are picked from the vines by a threshing machine, leaving as a by-product 
the cured forage, usually called '‘peanut hay.*^ 

Such peanut hay, if well cured and not moldy, is a good substitute for other 
legume hay, though it contains somewhat less protein. If it is moldy or if it 
carries much dirt or dust, it is not suitable for horses or mules. When the crop 
is grown for hogging-down, the peanut vines are sometimes mowed and cured into 
hay before the hogs are turned in. Such hay is about equal to soybean or cowpea 
hay in value, though lower in protein. To be grown primarily for hay, peanuts 
cannot compete in yield with soybeans or cowpeas. 

The hogging-down of peanuts is discussed in Chapter XXXVI. 

414. Kudzu. — Kudzu (Pueraria thunbergiana) is a rapid-growing perennial vine 
which dies back to the ground each year. It is often grown as an ornamental in 
the South, where it reaches a length of 60 feet or more. It is not hardy in the 
northern states but is of considerable promise as a perennial forage crop for 
the Gulf region.62 

The seed does not germinate well, and the crop is propagated by layers, 
about three years being required for it to become fully established. Under field 
conditions the prostrate branches root at the joints and send up twining shoots 
2 to 4 feet high, which may be cut with a mower without great difficulty. Kudzu 
cures into hay more readily than most legumes, and the hay is even richer than 
alfalfa in protein. Kudzu pasturage flavors the milk if cows are grazed on it 
shortly before milking. 

415. Beggar weed. — Beggar weed (Besmodimm tortuosum), an annual legume 
which has rather woody stalks 3 to 10 feet high bearing abundant leafage, is used 
for green forage and hay production in the sub-tropical regions of our country.®3 
It does well on sandy land. Beggar weed should bo cut for hay at the beginning 
of the blooming period, before it becomes too coarse and woody or the lower 
leaves drop off. Such hay is relished by stock, but the greatest value of the crop 
is for grazing. 

416. Serradella. — Serradella (Ornithopus sativus) is cultivated to some extent 
in Europe on poor sandy land, as it will grow on soil too acid for most legumes. 
Though it has been often tested in the United States, it has proven inferior to 
other crops even on acid, sandy soils. 

417. Crotalaria. — Various species of crotalaria (Crotalaria spp.) are grown in 
the southern states for green manure, especially in Florida. Most species are 
apparently not palatable to stock and some may even be poisonous. However, 
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recent tests by the Florida station indicate that Croialaria intermedia may prove 
useful for stock feeding, especially as a silage crop.e* 

418. Legume straw or chaff. — The straw or chaff that is left after ripe 
legumes are threshed for seed is often used for stock feeding. Legume straw 
contains much less protein than hay made from the same crops and is much higher 
in fiber and therefore lower in total digestible nutrients. If the legume straw 
contains a considerable proportion of leaves, the protein content will be decidedly 
higher than that of straw from the small grains. 

The value of legume straw or chaff varies widely, depending chiefly on the 
proportion of leaves and the manner in which it was cured. It can be fed satisfac- 
torily as part of the roughage to dairy cattle, beef cattle, or sheep, but it is 
often too dusty for feeding to horses. Legume straw gives much better results 
when it is fed as only part of the roughage, along with good legume hay or else 
with ^lage, than when it is the only roughage. 

Alfalfa or claver straw or chaff, when well cured, is of greater value than 
straw from the coarser legumes, such as soybeans or field beans. In an Idaho 
trial alfalfa or clover chaff was worth about one-half as much as alfalfa hay when 
it replaced part of the hay in a ration for fattening lambs.^s On the other hand, 
when alfalfa chs^ff was fed as the only roughage in a Utah trial with fattening lambs 
the results were not isatisfactory.ea 

Field-pea straw is also usually of higher value than straw from soybeans or 
field beans. Good-quality pea straw was fairly satisfactory as the only roughage 
for fattening steers and for wintering ewe lambs and pregnant ewes in Washington 
trials.®^ The value per ton will probably range from one-half to three-fourths 
that of alfalfa hay. 

Lespedesa strem of excellent quality, cured without exposure to rain and 
containing a high proportion of loaves, was a satisfactory substitute for good 
soybean hay in an Illinois trial with dairy cows, when both were fed with corn 
silage and a suitable concentrate mixture.®® Though the lespedeza straw did not 
seem so palatable as the soybean hay, the cows actually wasted a smaller percentage 
of it. 

Straw from field or kidney beans, often called “bean pods,” is used for 
feeding cattle, sheep or horses in the bean-growing districts. Its value varies 
widely, but straw of a good grade, preferably fed with some legume hay, may be 
considered worth about one-half as much per ton as alfalfa or clover hay, or about 
equal to such forage as well-cured corn or sorghum fodder.®® 

Soybean straw usually consists chiefly of the coarse stems with a very small 
proportion of leaves, and it therefore has a low feeding value. It should be fed 
as only part of the roughage, preferably along with some good legume hay. Also, 
it is better for animals that are not being fed for high production. For example, 
it is more satisfactory for dry cows or for heifers than for cows in milk.70 When 
fed as the only roughage to fattening lambs in an Illinois trial, soybean straw 
gave poor results, even though sufficient protein supplement was fed to balance 
the ration.Ti, The straw, which contained only 3.4 per cent protein, was worth 
but one-fourth as much as alfalfa hay. It was concluded that for sheep a soybean 
crop had a much higher value as hay, than when fed as soybean straw plus soybean 
seed. 


QUESTIONS 

1. State 7 advantages of legume roughages. 

2. Discuss the importance of the inoculation of legumes and of proper fertilization. 

3. Why should livestock farmers grow a large acreage of alfalfa wherever the 

soil and climate are adapted to the crop? 

4. What varieties of alfalfa are best suited to your section? Why? 

5. Discuss the effect of various factors on the composition and value of alfalfa 

hay. 
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6. What influence does the stage of maturity at which alfalfa is cut for hay 

have on its longevity? 

7. Discuss the value and use of alfalfa hay. 

8. What are alfalfa mealy alfalfa leaf mealy and alfalfa stem/ meal? 

9. What precautions should be taken in pasturing cattle or sheep on alfalfa? 

10. Discuss the use of alfalfa as a soiling crop; as a silage crop. 

11. Compare the merits of red clover and alfalfa m hay crops for your locality. 

12. At what stage of maturity should red clover be cut for hay? 

13. Discuss the use of red clover for pasture ; for silage ; as a soiling crop. 

14. Of what importance are the following in your locality: (a) Mammoth clover; 

(b) alsike clover; (c) Ladino clover; (d) crimson clover; (e) bur clover; 
(f) hop clover; (g) berseem; (h) subterranean clover? 

15. Discuss the use of sweet clover for pasture and for hay. 

16. Discuss the value of soybeans for hay, for silage, and for pasture. 

17. Discuss the value as forage crops of any of the following that are important 

in your state: (a) Field peas; (b) vetch; (c) lespedeza; (d) velvet beans; 
(e) beans; (f) peanuts. 

18. How can legume straw or chaff be used best in stock feeding? 
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CHAPTER XIV 

INDIAN CORN AND THE SORGHUMS FOR FORAGE 
I. Indian Corn 

419. Indian corn excels as a forage crop. — Indian corn (Zea Mays) 
is the imperial agricultural plant of America. Wherever conditions are 
favorable for its growth, it excels all other forage crops in average 
yield of dry matter and of digestible nutrients. It has been shown 
previously that in these respects it even slightly surpasses alfalfa, the 
queen of the legume roughages. This giant annual grass reaches a 
height of from 7 to 15 feet in 4 or 5 months^ growth, producing under 
favorable conditions from 10 to 15 tons of green forage per acre, con- 
taining from 4,000 to 9,000 lbs. of dry matter. 

Corn is an exceedingly adaptable crop, and it is raised for grain or 
for forage on more than two-thirds of all the farms in the United States. 
It flourishes best in the corn belt — ^that great region between the Appa- 
lachian Mountains and the dry-farming districts of the West. Corn is 
a heat-loving plant and does not thrive if the nights are cool during the 
growing season. However, short, early-maturing varieties have been 
developed that will usually ripen in the northern-most states. 

If the corn plants are grown the proper distance apart, a large 
yield of grain results, with good forage a secondary product. Wherever 
the climate and soil are suitable, it surpasses all other cereals as a feed 
grain. Not only is the average yield of grain much higher, but also 
corn grain ranks first in feeding value, and the corn stover is worth 
much more per acre for stock feeding than the straw from the small 
grains. The use and value of corn as a grain crop are discussed in 
Chapter XVII. 

When corn is planted thickly, a tremendous yield of forage is 
secured under favorable conditions, with relatively little grain. This 
forage can be cured into nutritious dry fodder which approaches hay 
from the grasses in feeding value. 

It is surprising indeed that this one plant excels not only as a 
grain crop but also as a forage crop that can be used as silage, fed as 
a green soiling crop, or even cured as dry fodder. Were a seedsman to 
advertise Indian corn by a new name, recounting its actual merits while 
ingeniously concealing its identity, either his claims would be discredited 
or he would have an unlimited demand for the seed of this supposed 
novelty. 

420. Corn fodder; shock corn; corn stover. — In discussing the 
uses of com as a forage crop, it is important to have definitely in 
mind just what is meant by the terms used in speaking of corn forage. 

The terms com fodder and fodder corn are commonly used for corn 
plants, either fresh or cured, which have been grown primarily for 
forage, with all of the ears, if any, originally produced. Shock corn 
and bundle com are terms used for com grown primarily for grain, 
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but which is fed without husking. Sometimes shock com is also called 
corn fodder. 

Com stover is the term applied to cured shock com from which the 
ears have been removed. Com stover is often called ‘‘eom stalks/’ but 
this term is misleading, for the greater feeding value is in the leaves 
and not in the stalks. 

The terms fodder and stover are also applied to such crops as the 
sorghums. For example, kafir forage is called either kafir fodder or 
kafir stover, depending on whether or not the heads have been removed. 

421. TWckness of planting. — The maximum yield of sound corn 
grain is secured when the kernels are planted at such a distance apart 
that all the plants may produce full-sized ears. The optimum number 
of plants per acre is greater on fertile soil and with ample rainfall than 
when conditions are less favorable. To secure the largest yield possible 
one must know the capacity of his land for com and plant accordingly. 
A common rate for dent com on good soil in the corn belt is 10,000 to 
12,000 kernels per acre. Early-maturing, short varieties should be 
planted somewhat more thickly than larger varieties. 

Under favorable conditions the largest yield of total dry matter and 
of digestible nutrients is secured from corn planted more thickly than 
when grown for grain, but the yield of grain will then be much less. 
Where the crop is raised for silage to be fed to such animals as dairy 
cows or fattening cattle or sheep, it is usually best to plant it at such a 
rate that there will be a large proportion of good ears. However, it is 
usually planted somewhat more thickly than when the crop is raised for 
grain. This will give a large yield of dry matter per acre, yet the silage 
.will be high in digestible nutrients and net energy. These animals need 
a liberal supply of digestible nutrients, and if they are fed silage con- 
taining little grain, it will be necessary to provide larger allowances of 
concentrates. 

If the silage is to be fed to beef breeding cows not nursing calves 
or to Stocker cattle being carried through the winter to be fattened on 
grass the next summer, it may be desirable to plant the corn so thickly 
that the proportion of ears is small. Under favorable conditions this 
method may produce the largest yield of digestible nutrients per acre, 
though the amount of net energy may be less than when more grain is 
formed. A still more economical method would perhaps be to grow the 
corn at the usual rate for grain, husk out the ear com for sale or for 
feeding to other classes of stock, and ensile the com stover for feeding 
to the beef cows or stocker cattle. 

422. Nutrients in grain and stover. — Even when grown for the 
grain a considerable part of the feeding value of the com crop is in the 
stover. In trials at 4 northern stations an average yield of 4,415 lbs. of 
ear corn and 3,838 lbs. of stover was secured per acre.^ The stover con- 
tained one-fourth of the digestible crude protein and over one-third of 
the jtotal digestible nutrients in the crop. 

The amount of total digestible nutrients measures the value of the 
stover for merely carding animals through the winter. For dairy cows 
in milk, young growing animals, fattening cattle or sheep, and horses 
at hard work, a more accurate measure of its value is the net energy 
it supplies. Yet, even on this basis the stover furnished one-fourth 
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the net energy of the crop. This shows clearly the loss of animal food 
which occurs each year when unnumbered acres of com stover are 
allowed to decay in the fields. 

423. Development of nutrients in the corn crop. — In raising corn 
as a forage crop, it is important to have clearly in mind the amounts of 
nutrients it furnishes at various stages of growth. By analyzing com 
plants at different stages from July 24, when they were about 4 feet 
high, until Oct. 8, when the kernels were hard, Jones of the Indiana 
Station secured the following data, based on an average stand of 10,000 
stalks per acre.^ 

Composition of an acre of Indian corn at different stages 

Total wt. Diy Crude N-fre© 


Stage of growth of green matter Ash protein Fiber extract Fat 

crop in crop 

Lbs. Lbs. Lbs. Lbs. Lbs. Lbs. Lbs. 

Four feet high, July 24 5,138 731 90 149 170 282 40 

First tassels, Aug. 6 18,827 2,245 195 360 670 977 42 

Silks diying, Aug. 28 24,327 4,567 272 436 1,203 2,606 49 

Milk stage. Sept. 10 26,710 6,174 328 544 1,361 3,846 95 

Glazing stage. Sept. 24 25,750 8,104 389 566 1,523 5,425 202 

Silage stage, Oct. 1 25,275 8,929 369 660 1,602 6,084 215 

Ready to shock, Oct. 8 22,253 9,412 383 691 1,737 6,336 265 


From July 24, at a stage when sometimes unwisely fed as soilage, 
to Aug. 28, when the silks were drying, the crop increased over 19,000 
lbs. in total weight and over 3,800 lbs. in dry matter. The increase in 
total weight was thereafter less rapid, the maximum green weight being 
reached when the kernels were in the milk stage. After this the gross 
weight decreased by over 4,000 lbs. due to drying out as the crop ma- 
tured. The dry matter, however, continued to increase rapidly until 
the plants were fully ripe. Indeed, in less than a month following Aug. 
28 the acre of com stored over 3,500 lbs. of dry matter ! 

When four feet high the crop was nearly 86 per cent water and 
only 14 per cent dry matter; while when the kernels were hard and 
the husks dry over 42 per cent was dry matter. The mineral matter, 
or ash, increased rapidly until the plants reached their full height. 

The most rapid increase in crude protein occurred in the period 
before the plants were tasseled, when cell growth was most active, but 
some increase occurred until the plants reached maturity. Although 
the amids — the building-stones of the proteins — ^were constantly being 
formed during the development of the plants, they were in turn quickly 
built over into the more complex, stable proteins. Hence it was found 
in further studies that the amount of amids did not increase after the 
plants were silked, while there was a steady storage of protein up to 
maturity. 

Since the stalk of the com plant must be strong and sturdy to 
carry the abundant foliage and the heavy ear, the fiber increased rapidly 
until the woody framework was grown. Between tasseling and ripening, 
there was an increase of more than 2.5 tons in nitrogen-free extract. 
This increase was chiefly the starch which was deposited in the corn 
kernels. 

At the milk stage, starch formed less than a fifth of the nitrogen- 
iree extract, but after this it increased rapidly as it was stored in the 



280 ‘ FEEDS AND FEEDING 

maturing kernels. From the milk stage to the date when the com was 
ready to shock, a period of less than a month, there was a gain of nearly 
2,500 lbs. of nitrogen-free extract, over a ton of which was starch. This 
shows plainly the heavy losses of valuable nutrients which occur when 
a crop of corn is harvested too early. 

424. Composition of corn forage. — Like the corn grain, corn forage 
is rich in carbohydrates and low in protein. As is shown in Appendix 
Table I, the nutritive ratio of corn silage or of corn fodder harvested 
at the glazing stage or later is 1 :12 or wider. Com stover is still lower 
in protein, having the very wide nutritive ratio of 1:21 or more. 

When the com crop is stricken with drought so that no ears develop 
and the plants are killed, the forage will contain a considerably higher 
percentage of protein than normal, but the total yield of nutrients will 
be low. Likewise, corn harvested in the milk stage or before will contain 
a higher percentage of protein, on the dry basis, than more mature 
forage. However, such immature forage is watery and low in nutrients 
on the green basis. 

Nitrogenous fertilization will greatly increase the yield of corn 
forage when th^ soil is deficient in nitrogen, but it apparently has no 
appreciable effect on the percentage of protein in the corn forage.^ 

The calcium content of corn forage varies widely, depending on the 
amount of calcium in the soil on which it is grown. On soil reasonably 
well supplied with calcium, corn forage will be fair in calcium content 
and will usually be somewhat richer in this mineral nutrient than hay 
from the grasses. Where the soil is deficient in calcium, on the other 
hand, com forage will be low in calcium. When com forage is used as 
the only roughage or when it is fed with hay from the grasses, it is 
wise to add a calcium supplement to the ration to guard against a lack 
of this mineral. 

Corn fodder and com silage are rather low in phosphorus, con- 
taining about as much, on the dry basis, as hay from the grasses. Com 
stover is very poor in phosphorus, having only 0.09 per cent. 

Green corn forage, even from white corn, is high in vitamin A 
value. This is because the green com leaves and stalks contain a 
greater total amount of carotene than the grain, even in the case of 
yellow com. (188) The vitamin A value of dry corn fodder will vary 
widely, depending on whether the leaves and stalks were green when 
the crop was harvested, and on how well it was cured. Probably well- 
cured com fodder or com stover will supply considerable vitamin D. 

425. Cora silage. — Indian com is the premier silage plant. The 
solid, succulent stems and broad leaves, when cut into short lengths, 
pack closely and form a solid mass which keeps well, is greatly relished 
by stock, and is consumed with little waste. Although with enlarging 
experience the use of other crops for silage is increasing, by far the 
greater portion of all the forage stored in silos in this country is corn. 
In 1933 about 4,425,000 acres of com were grown for silage in this 
couirtry, with an estimated total production of 29,963,000 tons of silage. 

The yield of silage per acre varies widely with the soil and season. 
A 50-bushel crop of com should make from 8 to 10 tons of silage, de- 
pending on the size and leafiness of the stalks. The average yield of 
com grown for silage during the 7-year period, 1927 to 1933 was 7.0 
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tons per acre for the entire United States.^ It is of interest to note 
that the highest yield per acre for any section of the country was 
secured in the North Atlantic States, this being 9.0 tons per acre. Here 
the acreage of corn is limited and the crop is usually grown on the 
areas best adapted to large yields. In the North Central States, which 
include most of the com belt, the average yield was 6.6 tons per acre. 

Corn makes the best silage if cut when the kernels have passed 
the dough stage and reached the glazing stage, but while most of the 
leaves are still green. At the glazing stage the dent varieties will be 
well dented. Ensiling the corn should not be delayed longer, or the 
com will become too mature to make the most palatable and nutritious 
silage, and it may mold unless water is added to the cut forage as it is 
ensiled. On the other hand, it should not be ensiled earlier, except in 
case of necessity. If ensiled too early, a sourer silage is produced, and, 
still more important, a great waste of nutrients occurs. As has been 
pointed out previously in this chapter, the com crop stores much of its 
highest quality nutrients during the late stages of growth. 

426. Value of com silage. — The use of com silage has practically 
revolutionized the feeding of dairy cattle over a large part of the 
United States and is also of great importance in the feeding of beef 
cattle and sheep. Through its use the cost of producing milk and meat’ 
may be materially lowered over a large part of this country. Not only 
is corn silage excellent for cattle and sheep, but it may be used in a 
limited way with horses that are idle or at light work. 

Com silage is used most commonly as only part of the roughage for 
stock, usually being fed in combination with hay or dry fodder. It gives 
especially good results when used with legume hay or mixed hay rich 
in legumes. If corn silage is fed as the only roughage, a calcium supple- 
ment, such as ground limestone, should be added to the ration to insure 
a sufficient supply of this mineral. The importance of com silage on 
American farms and the value and use of this feed for the various 
classes of stock are discussed in detail in the respective chapters of 
Part III. 

Silage from well-matured corn supplies 18.7 lbs. total digestible 
nutrients per 100 lbs. on the average. This is about 35 per cent as 
much as 100 lbs. of good-quality hay furnish. In the experiments in 
which the relative values of silage and hay have been determined for 
dairy cows, good corn silage has actually been worth 33 to 40 per cent 
as much per ton as good legume or mixed hay. The feeding value of 
silage has therefore agreed well with the amount of digestible nutrients 
it furnishes. 

For fattening cattle and fattening sheep corn silage has an even 
higher value per ton in comparison with hay. In the many experiments 
reviewed in later chapters it has been found that for these classes of 
stock good com silage is usually worth half as much per ton as good 
legume or mixed hay. This difference in the relative values of silage 
and hay for dairy cows and for fattening cattle and fattening sheep is 
somewhat surprising. It may perhaps be explained as follow^s: 

Lambs chew their feed very thoroughly and therefore no corn ker- 
nels in the silage escape digestion. In the experiments with fattening 
cattle, pigs have commonly followed the cattle to consume any kernels 
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that passed through unmasticated. Thus the combination of fattening 
cattle and pigs completely utilized the grain in the silage. On the 
other hand, in the case of dairy cows there is some loss of nutrients due 
to kernels which escape mastication. 

This difference in value does not mean that com silage is an in- 
efficient feed for dairy cows. As is pointed out later, wherever corn 
thrives it is usually the most economical succulent feed for winter feed- 
ing. The difference merely means that for fattening sheep and also for 
fattening cattle which are followed by pigs, well-eared corn silage has 
a considerably higher actual value than would be estimated from its 
chemical composition. 

427. Com silage vs. com fodder. — It has been shown in Chapter 

XII that the losses of nutrients are about 5 per cent greater when 
the corn crop is cured as dry fodder, even under the most favorable 
conditions, than when it is ensiled. (344) The trials summarized in 
Part in show, however, that there is a much greater difference than 
this in the actual feeding value per acre of corn silage and dry corn 
fodder. " * 

This is doubtless due to the fact that stock usually reject the butts 
of the dry corn stalks, even when finely cut, while in silage they are 
mostly eaten. Moreover, owing to the great palatability of this succulent 
feed, silage-fed animals consume a larger ration, and more nutrients are 
hence available for milk or flesh production after supplying the wants 
of the body. Just as important as these advantages is the fact that, like 
other succulent feeds, silage has a beneficial laxative effect, and is a 
valuable aid in keeping farm animals thrifty. 

428. The type of corn for silage. — In the North an important ques- 
tion is whether to grow for silage a variety of corn that is early enough 
to reach the late-dough or the glazing stage in the average season and 
hence has a relatively large proportion of corn grain, or to grow instead 
a late, southern variety that will not reach these stages before frost. 
The results of the numerous experiments that have been conducted to 
study this problem differ somewhat.® However, in the majority of the 
investigations it has been concluded that it is best to grow a variety 
that will reach the dough stage or else the glazing stage in the average 
season. 

The late varieties will of course produce a larger tonnage of green 
forage, but it will be much more watery than the more mature fodder. In 
actual amount of dry matter produced per acre there has usually been 
but little difference. Silage made from immature corn is apt to be 
much sourer that that from corn which has at least reached the dough 
stage, and it may not keep so well. Because of its higher water content 
and also because it contains little grain and is slightly less digestible, 
the value per ton will be considerably lower. 

Forage from com cut when the kernels are in the milk stage or 
eaijier will supply only 60 to 75 per cent as much digestible nutrients 
per 100 lbs. as that which has reached the glazing stage. For each 100 
lbs. of digestible nutrients in the silage, the expense of harvesting and 
ensiling the crop is therefore much greater in the case of the late 
varieties, and also much more silo space is required. 

Usually the northern stockman with plenty of other roughage to 




In Grain Farming Corn Stover Is Largely Wasted 

In exclusive grain farming in the corn belt, the ears are picked from the standing 
stalks, and the stover is then often allowed to waste away in the field. 




A Field of Kafir in Texas 

Because of their resistance to drought, the grain sorghums and the sweet sorghums 
are of great importance as forage crops in the scrni-arid districts. 



Harvesting Kafir for Silage with a Corn Binder 
The grain sorghums not only yield grain which closely approaches corn in feeding 
value, but also silage but little inferior to corn silage. (From U, S. Department of 
Agriculture.) 



INDIAN CORN AND THE SORGHUMS FOR FORAGE 283 


feed will wish to fill his silo with richer and more palatable feed than 
the late-maturing varieties supply. In case he has a very limited 
amount of corn land and desires to produce the largest possible 
amount of silage, he may decide to grow a late variety and plant it 
thickly. In feeding such silage, however, it must be remembered that 
it is low in dry matter. Therefore to prevent lower production of milk 
or meat, more hay or other dry roughage must be fed with it than in 
the case of silage from well-eared corn, cut at the glazing stage.® 

It is important not to use for silage a variety that is so early that 
it will fail to utilize effectively the entire growing season. Such varieties 
produce much less feed per acre than a variety that just reaches the 
desired silage stage in the average season. 

In late seasons it is best to let com stand till after frost rather 
than ensile it too green, for satisfactory silage can be secured from 
frosted corn, and the crop may mature to a considerable extent before 
a severe frost comes. If the crop is killed by frost, it should be ensiled 
quickly, for the storm which usually soon follows will wash out much 
nutriment from the frosted forage, and the wind will also whip off the 
dried, brittle leaves. If the plants dry out before all the crop can be 
ensiled, water should be added as the silo is filled, so that the forage will 
pack well and make satisfactory silage. 

When corn is ruined by drought, the silo is likewise the best means 
of saving all possible feeding value in the crop. Water should, of 
course, be added to the forage as it is ensiled, if it is too dry to pack 
well in the silo. 

429. Corn-fodder or corn-stover silage. — Silage can be made from 
cured corn or sorghum forage if the forage is thoroughly wet as it is 
chopped into the silo and if it is well packed. It will undergo fermen- 
tation similar to that which occurs with green material and will be 
preserved in a satisfactory manner. Though usually less palatable than 
silage from green fodder, this product has an aromatic silage odor and 
is readily consumed by stock with less waste than is dry fodder or 
stover. Some farmers fill their silos in the fall with green corn or 
sorghum and then after this is fed out, refill them with the cured forage. 

It is necessary to add enough water so that the material will pack 
well and then to tramp it down with especial thoroughness; otherwise 
the mass will spoil. Though the water may be added to the cut material 
in the silo, it can be distributed more evenly if a stream is run into the 
blower, and then more water sprinkled over the cut fodder in the silo 
as it is filled. Due to the widely varying water content of field-cured 
corn forage, it is impossible to state definitely the amount of water 
to be added. Some recommend adding about an equal weight of water 
to the forage, others add just enough so that water may be squeezed out 
of the cut material. 

Since corn-stover silage lacks the grain, it is worth decidedly 
less per ton than normal com silage. The experiments reviewed in 
later chapters show that stover silage can be used satisfactorily as the 
only or the chief roughage for wintering beef breeding cows (which are 
not nursing calves) or for wintering stocker cattle that are to be fat- 
tened on grass the next summer. This is because these animals do not 
need rations rich in digestible nutrients. 
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On the other hand, it is a mistake to remove the ears from corn 
forage for silage intended for dairy cows, dairy heifers, fattening beef 
cattle, beef calves; breeding ewes, or fattening sheep. These animals 
all need rations rich in digestible nutrients. Therefore if the ears are 
removed, it will be necessary to replace this grain by the feeding of 
larger amounts of concentrates. Even then, the results will usually not 
be so good as when the normal silage, rich in ears, is fed. 

430. Dry corn fodder. — Though not so palatable and valuable as 
com silage, corn grown thickly and cured as dry fodder while the 
leaves are yet green, makes a coarse forage which may be used as a 
substitute for hay from the grasses. Such fodder, with bright, nutri- 
tious leaves and small palatable ears that are easily masticated, has a 
value not appreciated by many stockmen. The importance of dry corn 
fodder as a feed in this country is shown by the fact that 6,263,881 
acres of com were cut for fodder in 1929, in comparison with 4,005,539 
acres grown for silage. 

As it is low in protein, corn fodder gives the best results when 
legume My forms part of the roughage, such a combination giving 
satisfactory results with dairy cows, beef cattle, and sheep. Corn fodder 
is also an economical substitute for timothy hay with idle horses, brood 
mares, and growing colts. 

Corn fodder and stover should be placed in large, well-made shocks, 
to reduce the losses by weathering. Since the stalks stand almost 
vertical in the shocks, when the leaves wilt there is ample room for the 
upward passage of air currents, which rapidly dry the interior and 
check molds and fermentations. When shock corn is pronounced ‘‘dry^’ 
by the farmer, it usually carries more water and consequently less 
dry matter than hay, a fact which should not be overlooked in feeding 
this forage. Care must be taken that corn fodder or stover is well 
cured before it is stacked, and especially before it is stored in the mow, 
for musty, moldy forage is not only unpalatable but even dangerous. 
In districts of the South where it is exceeding difficult to cure com 
forage, the silo is particularly useful. 

431. Shock corn. — Rather than husking corn and feeding the grain 
and stover separately, sometimes shock corn is fed, the animals doing 
their own husking. Shock com is decidedly inferior to corn silage, 
and gives the best results with animals not being fed for high produc- 
tion, such as cattle being carried through the winter and idle horses. 
It is also sometimes used for fattening cattle or sheep, particularly at 
the beginning of the fattening period. 

4^. Com stover. — Corn stover, the forage which remains after 
removing the ears from shock com, has a higher feeding value than 
some realize. Stover produced in the northern part of the corn belt 
is superior in feeding value and palatability to that grown in the South. 
When corn develops but little grain, due to drought or to hot winds 
at ^silking time, the stalks' and leaves will be higher in protein and total 
digestible nutrients than usual. As soon as corn stover is well cured, 
it should be stacked or placed under cover, rather than being left to 
waste away in the shock. 

When fed with alfalfa or clover hay, good corn stover may often 
profitably form half the roughage allowance for fattening cattle or 
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sheep. For stock cattle and breeding cows it may be utilized to an 
even larger extent, and it is also satisfactory as part of the roughage 
for breeding ewes. 

While corn stover alone will not quite maintain the weight of 
growing steers during the winter, stover and legume hay with no grain 
will produce fair gains. Com stover is also a satisfactory roughage 
for horses doing but little work. Most of the roughage for dairy cows 
should be more palatable and nutritious in character, but com stover 
may sometimes be economically fed in limited amounts even to them. 

In the corn belt the ears are commonly husked or snapped from the 
standing stalks, and the stover then left uncut in the field. On live- 
stock farms horses, cattle, or sheep are commonly turned into these stalk 
fields to utilize the stover and to get any remaining ears. Considerable 
feeding value can thus be saved, though the wastage is greater than 
when the crop is harvested and husked. 

433. Shredding, cutting, or grinding stover or fodder. — When 
shock com is husked by machinery, the stover is usually shredded or 
cut at the same operation. Corn fodder is also often passed through 
a feed cutter before feeding. This shredded or cut material is no more 
digestible than the uncut forage. However, cutting or shredding 
usually reduces the waste, as it induces the cattle to eat a greater part 
of the stalks, unless they are unusually coarse and woody. The cut 
or shredded forage is also easier to handle, and the waste is in better 
shape for bedding. Unless shredded or cut fodder or stover is thor- 
oughly dry, it will heat and mold if a large quantity is stored for any 
considerable period. 

Grinding fodder or stover to a meal requires much more power and 
time than shredding or cutting it, and does not increase the value enough 
to justify the expense. Finely ground forage may even be unpalatable 
on accoimt of its dusty nature. 

434. PulUng fodder. — In the South the tops of the ripening corn stalks are 
often cut off just above the ears, leaving the tall butts, each with an unhusked ear 
at its top. Next, the leaves are stripped from the butts, and these together with 
the severed tops are cured into a nutritious, palatable fodder, which is used for 
feeding horses and other stock. 

The previous study of the development of the nutrients in the corn plant shows 
the folly of this practice. During the last stages of its life the corn plant is 
busiest in manufacturing and storing nutrients. Eemoving the top and leaves, at 
once stops all this work of food making. In a Louisiana trial pulling fodder caused 
a shrinkage of from 15 to 20 per cent in the yield of grain.T 

435. Com as a soiling crop. — Com ranks high as a soiling crop 
on account of its palatability, the high yield of nutrients, and the fact 
that it remains in good condition for feeding over a much longer 
period than many of the other soiling crops. Green com fodder is of 
especial value for feeding to dairy cows when pastures are short in 
late summer or early fall. (355) An acre of ripening com thus fed 
in early fall may return twice as much profit as if it were held over 
until winter. For early feeding sweet corn may often be advantageously 
used. 

436. Sweet com stover; com-caxming-factory waste . — Sweet com stover, left 
after the green ears have been removed for sale on the market or to a canning 
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factory, is of somewhat higher value per ton, on the dry basis, than stover from 
ripe field corn. It is more leafy, and the leaves and stalks are more nutritious. 
Silage made from green sweet corn stover is worth nearly as much per ton as that 
made from immature field corn which contains but little grain. 

Before cutting green sweet corn stover for silage, it should be allowed to ma- 
ture a few days after the ears are removed. It will then be less watery and the 
silage will not be too acid. However, it should be harvested when the stalks and 
most of the leaves are still green, or it will not pack well in the silo, unless 
water is added. 

The canmng -factory waste at corn canneries consists of the husks and cobs, 
with some ears of unsatisfactory quality for canning. This waste is usually ensiled, 
either in stacks at the factory or in silos on the farms of the growers. Such silage 
is lower in protein and in total digestible nutrients than silage made from well- 
matured field corn that has a good proportion of ears. Judging from its com- 
position and digestibility, it is worth about 60 per cent as much per ton as well- 
eared field -corn silage and about 90 per cent as much as silage from immature 
field corn that has but little grain.s Silage made from canning-factory waste is 
sometimes very acid, and may then bo rather unpalatable to stock. 

“ ♦ II. The Sorghums 

437. Importance of the sorghums. — In the central and southern 
parts of the western plains states the sorghums ( Adropogon sorghum, or 
Sorghum vulgar e, vars.) are of great importance as feed crops, both 
for forage and for grain. In fact, success in stock farming throughout 
this great section depends largely on the sorghums. Because they are 
much more drought-resistant than corn, they have largely taken its place 
in those portions of this region that have too little rainfall for corn. 

Where there is sufficient rain, corn is usually more productive than 
the sorghums, for both grain and forage. However, corn requires a 
plentiful supply of moisture throughout the growing season, and the 
yield is always unsatisfactory if its growth is seriously checked by 
drought. The sorghums will cease growing and the edges of the leaves 
roll together during periods of drought and extreme heat. Yet, when 
rains come and the soil becomes moist again, the plants quickly resume 
growth, unless they have been killed by the drought. Like corn, the 
sorghums require warm weather throughout the growing season. In 
fact, they are even more particular than corn in this respect. 

The importance of the sorghums in the drier districts is shown by 
the fact that 10,470,000 acres of grain sorghum were grown for all pur- 
poses in 1935 and 3,867,000 acres of sweet sorghum for forage. About 
94 per cent of the acreage was in seven states — Texas, Kansas, 
Oklahoma, Nebraska, Colorado, New Mexico, and South Dakota. In 
Texas the acreage of the sorghums raised for forage is about four times 
the combined acreages of all tame hay crops and of corn grown for forage. 

Sorghums are also important as forage crops in certain sections of 
the South where they yield much more forage per acre than corn. They 
will produce a fair crop on soil too poor or thin for corn. In the corn 
belt and eastward the acreage of the sorghums is small, because here 
com usually outyields them. 

The average yield of cured sorghum forage in the United States 
was 1.3 tons per acre for the 10-year period, 1924-1933. It must be 
remembered that much of the crop is grown where the rainfall is 
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usually deficient, which greatly reduces the average yield for the whole 
country. On good soil and with ample rainfall, yields of 3 to 4 tons or 
even more per acre of dry fodder or 10 to 15 tons or more of silage 
should be secured. 

The sorghums are important in India, China, Manchukuo, and 
Africa. In these countries the grain is used widely for human food in 
place of wheat or rye. In Africa, where sorghum grain is one of the 
chief foods of the natives, the sorghums are grown on the dry plains, in 
the oases of the Sahara, on high plateaus, in mountain valleys, and in 
tropical jungles. Their forms are as diverse as the conditions under 
which they grow, the plants ranging in height from 3 to 20 feet, with 
heads of different shapes varying from 5 to 25 inches in length. Though 
sorghum originated in the tropics, it is now grown chiefly in the 
temperate zone. 

The uses of sorghums for grain are discussed in Chapter XVII. 

438. Tsrpes of sorghums. — The sorghums are of two general types 
— the sweet sorghums, which have stems filled with sweet juice, and the 
grain sorghums, which have juice that is sour or only slightly sweet 
and which usually have more pithy stems. Broom corn is another type 
of sorghum which is raised for the stiff brushes of which the heads are 
made. 

The grain sorghums range in height from very early, dwarf var- 
ieties only 11/2 to foot tall to later varieties about 5 to 7 feet tall. 
The sweet sorghums are usually 6 or 7 feet tall or more. The various 
varieties of sorghums and even the two types cross freely. Through 
crossing, certain hybrid varieties have been developed that combine 
some of the characteristics of the grain sorghums and the sweet 
sorghums. 

The grain sorghums are used both for grain and for forage, and 
the sweet sorghums are grown for forage and also for the manufacture 
of sorghum sirup. When the term “sorghum’^ is used without the 
words ‘ ‘ sweet or ‘ ‘ grain, in referring to silage, fodder, or stover, 
the product from sweet sorghum is usually meant. 

439. Sweet sorghums. — The sweet sorghums, or sorgos, often 
called ^‘cane^^ by farmers, are forage rather than grain producers. In 
most sections of the sorghum belt the varieties of sweet sorghum that 
are adapted to the particular locality give larger yields of forage per 
acre fhan the best grain sorghums. For forage they usually excel even 
kafir and hegari, which lead in forage production among the grain 
sorghums. In some districts the kafirs yield about- as much forage as 
the sorghos, and are extensively grown for this purpose because they 
cure more quickly in the shock. 

In the South late-maturing, tall varieties of sweet sorghums are 
often grown, but even in Texas the medium-maturing varieties are more 
common. In the North early varieties, such as the Amber sorghums, 
are raised, which will ripen wherever corn will mature. The early 
varieties are also grown extensively in certain western portions of the 
sorghum belt, because they evade drought better than the later types. 

440. The grain sorghums. — The kafirs, highly important in this 
country among the grain sorghums for both grain and forage, are 
stout-stemmed, broad-leaved plants, having juicy stalks and long, erect, 
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compact, cylindrical heads carrying small egg-shaped seeds. They do 
not sucker or produce undesirable side branches, nor do they lodge or 
shatter the grain. Since most of the kafirs are rather late in maturing, 
they are grown chiefly in the more humid sections of the grain-sorghum 
belt. Varieties which are dwarf and earlier have been developed that 
are of importance farther west. 

The vYiilos are earlier in maturing than the kafirs and are even more 
drought resistant. They are therefore especially adapted to the drier 
sections, where they are the most important type of grain sorghums. 
They have few leaves compared with the kafirs and the stalks are pithy, 
with little juice. Therefore milo is not so valuable as kafir for forage. 
The seeds are larger than those of kafir and are borne in short, thick 
heads, which are often goose-necked or drooping. 

In order to make harvesting easier, particularly with the grain 
header or the combine, dwarf strains have been developed in which 
nearly all the heads are erect. Milo is fully equal to kafir in feeding 
value. The milos, and to a lesser extent the feteritas, are attacked to 
a greater extent* by chinch bugs than are other types. 

The feteritas are among the earliest of the grain sorghums, and 
for this reason are often used as a ‘ ‘ catch or emergency crop. They 
usually have slender stems carrying more leaves than milo, but less 
than kafir, and have erect heads bearing large whitish seeds. They are 
of importance in some of the western sections of the sorghum belt, espe- 
cially towards the north. 

The kaoliargs are early-maturing and slender, and have pithy stalks 
with few leaves. The heads are loose, open, and erect. They are grown 
chiefly in the northern sections where other types will not mature. 
Elsewhere milo, kafir, or feterita usually outyield kaoliang. The forage 
is scanty and of poor quality. 

The durras were introduced early into the United States but are 
not extensively grown except in certain districts of California. They 
lodge readily, sucker badly, and have coarse stems with few leaves. 
Also, the grain shatters easily and the pendent, or “goose-necked,’’ 
heads of the usual types make harvesting difficult. 

Shallu, sometimes called “Egyptian wheat,” “California wheat,” 
or “desert wheat,” is slender-stemmed, with spreading heads which 
shatter badly. It is apparently inferior to other types and has never 
become of importance in this country, 

Hegari resembles kafir, having numerous broad leaves, sweet juicy 
stalks, and erect heads. It is popular in certain sections, especially in 
the western part of the sorghum belt, for grain and forage combined. 

Darso is apparently a hybrid between kafir and a sweet sorghum. 
It is dwarf, being 3 to 4 feet tall, and has numerous leaves and juicy 
stalks. Darso produces a good yield of grain but less forage than kafir. 
The grain is somewhat bitter, on account of a high content of tannin, 
but this is an advantage where sparrows and other birds damage other 
types. Darso grain has given good results in feeding experiments. 

Shrock is also probably a hybrid between kafir and a sweet sorghum 
and has some of the same characteristics as darso. Sagrain is the name 
given to a strain of shrock sorghum which has given excellent yields 
of grain and forage in the Delta district of Mississippi. 
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441. Sorghum hay or fodder. — For dry forage the sweet sorghums 
are usually grown, rather than the grain sorghums. This is because 
the yield is generally larger and the forage is also more palatable, due 
to the greater sugar content.® Where the rainfall is sufficient, the yield 
is commonly larger if the sorghum is seeded in close drills or is broad- 
cast, than when it is grown in cultivated rows. Also, the forage is 
more palatable, because the stalks are much smaller. The proportion 
of seed is, of course, small when the crop is seeded thickly, but this is 
more than offset by the greater tonnage. 

It is usually advisable to cut sorghum for hay or dry fodder when 
the seed is in the dough stage, unless the crop is badly injured before 
by drought or frost. Sweet sorghum cures much more slowly than 
most hay crops, since the stems are large and juicy. However, it is 
injured but little by rain and loses few leaves in the hay-making process. 
It must be thoroughly cured in cocks or windrows before it is stacked 
or stored in the barn, else it will sour or mold. 

When the crop is grown in cultivated rows and cured in shocks, 
the shocks should be small, so the forage will dry out. In humid dis- 
tricts sweet sorghum fodder is apt to sour if left too long in the shock, 
due to fermentation of the sugar in the stalks. 

Sweet-sorghum hay or fodder, often called ‘‘cane hay,’’ is lower 
in fiber and a trifle richer in protein than average timothy or prairie 
hay, but there is more waste in feeding it unless it is cut or shredded. 
Due to its sweetness, it is somewhat more palatable than corn fodder. 
Fodder from the grain sorghums, including the grain, may have fully 
as high a value per ton as that from sweet sorghum. Though the stalls 
are less nutritious, this may be offset by the larger proportion of grain. 
The grinding of grain sorghum fodder has been discussed in Chapter IV. 
( 100 ) 

It is shown in Part III that well-cured sorghum hay or fodder is a 
satisfactory roughage for dairy cattle, beef cattle, sheep, and horses. 
For all these classes of stock, except work horses, it usually gives the 
best results when fed with' some legume hay. If no legume hay is 
available, ground limestone or some other calcium supplement should 
be added to the ration to provide plenty of this mineral. 

442. Sorghum stover, — Sorghum stover (sorghum fodder from 
which the heads have been removed) is similar to com stover in com- 
position and general value. Stover from kafir, hegari, darso, or the 
sweet sorghums is the best, as it is leafier and the stalks are more nu- 
tritious than in the case of stover from milo, kaoliang, or durra. Sor- 
ghum stover should be used in the same manner as corn stover. 

443. Sorghum silage. — The sorghums make excellent silage if en- 
siled when the seeds are hard and ripe.^® Such silage contains no more 
acid than corn silage, or even less, and it is well liked by stock. If the 
plants are immature, very sour silage will result, which is much less 
satisfactory. 

If the crop does not mature before frost, fairly good silage can be 
made by allowing it to dry out somewhat before ensiling it. Also, 
immature sorghum which has been withered by drought can be used 
successfully for silage.^^ Water should be added, if the forage is too 
dry to pack well in the silo. A good way to determine whether sweet 
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sorghum or kafir is mature enough for silage is to twist the stalk with 
the hands. If just a little juice is visible on the twisted cane, the 
proper stage has been reached. 

A sorghum crop has a much higher feeding value per acre when 
ensiled than when fed as dry fodder or hay. For example, in Kansas 
trials the kafir silage from an acre, fed to yearling steers that were being 
carried over winter, produced 80 per cent more gain in weight than an 
acre of dry kafir fodder.^^ 

Sorghum silage is excellent for dairy cattle, beef cattle, and sheep, 
as is pointed out in Part III. The value per ton is usually somewhat 
less than that of well-eared corn silage, such as is grown in the corn 
belt, due to the fact that sorghum silage is not so rich in grain. Also, 
cattle do not chew the seed in sorghum silage as thoroughly as they do 
corn grain. Therefore a considerable percentage passes through 
undigested.^^ 

However, in the sorghum belt the yield of the sorghums per acre 
is so much greater than that of com that they far surpass corn for silage 
production^ TJiis is also the case in the sections of the South where 
the sweet sorghums yield much more forage per acre than does corn. 
There is no danger from prussic acid poisoning in feeding sorghum 
silage to stock. 

Pit or trench silos provide a cheap means of storing silage in the 
sorghum belt and are therefore widely used. (349) Since sorghum silage 
keeps well from one year to another, or even longer, many farmers in 
the dry-farming districts store silage in a good year to carry over to 
a time of drought. 

444. The sorghums for pasture and as soiling crops. — ^It is pointed 
out in Chapter XVI that there is always some danger from prussic acid 
poisoning when cattle or sheep are pastured on the sorghums. (501) 
Therefore they are not commonly used for this purpose. Instead Sudan 
grass is generally employed, for this is not only much safer, but it is 
also a better pasture crop. Horses and swine can be safely grazed on 
sorghum, but other crops provide better pasture for swine. Young 
sorghum plants contain more prussic acid than do more mature ones, 
and sorghum that has been injured by drought or frost is especially 
apt to be dangerous. 

Except for the danger of prussic acid poisoning, the sorghums are 
satisfactory as soiling crops. If the crop is allowed to reach the seed 
stage before it is fed, the danger is usually slight. 

QUESTIONS 

1. Discuss the excellencies of corn as a forage crop. 

2. Define com fodder; shock corn or bundle corn; corn stover, 

3. What factors determine the best thickness of planting of com for forage? 

4. Approximately what part of the digestible protein, total digestible nutrients, 

,,and net energy of a corn crop grown for grain is in the stover? 

5. Discuss the development of nutrients in the com crop, explaining why corn 

should not generally be cut for silage until after it reaches the glazing stage. 

6. State the majn facts concerning the composition of corn forage, considering 

content of. protein, total digestible nutrients, calcium, phosphorus, vitamin A, 
and vitamin D. 
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7. Discuss corn as a silage crop, comparing the value of corn silage and good hay 

f or^ dairy cows ; for fattening cattle or lambs. 

8. Why does an acre of com silage have a decidedly higher value than an acre 

of dry corn fodder? 

9. Under what conditions might you advise a dairyman in the northern states to 

grow a late*maturing variety of corn for silage? 

10. Discuss the making and the use of corn-foddet silage and of corn-stover silage. 

11. Discuss the use in livestock feeding of the following: (a) Dry corn fodder; 

(b) shock corn; (c) corn stover. 

12. Is it advisable to shred or cut corn stover or fodder; to grind it? 

13. Discuss the use and value of corn as a soiling crop. 

14. In what sections of the country are the sorghums superior to corn for forage? 

15. What are the differences between the sweet sorghums and the grain sorghums? 

16. If sorghums are important in your state, describe the characteristics of the 3 

most important varieties raised there. 

17. Discuss the use and value of sorghum hay or fodder; of sorghum silage; of 

sorghums for pasture. 
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CHAPTER XV 


THE HAY AND PASTURE GRASSES— THE CEREALS FOR 

FORAGE— STRAW 

I. The Grasses; the Cereals for Forage 

445. The hay and pasture grasses. — Unlike the cereal grains, which 
are all annuals, the hay and pasture grasses are mostly perennials. 
They therefore thrive without yearly tillage, producing roughage of 
good quality with little expense for labor. The grasses are also of 
great importance for building up the soil by adding humus, and binding 
it together so as to prevent erosion. In regions where the grasses flourish, 
the larger kriimals of the farm largely feed themselves during the sum- 
mer, and milk, meat, and wool are produced at minimum expense. 

In Chapter XI a detailed discussion has been presented on the effect 
of various factors upon the composition of pasture and hay crops. Also, 
information is there given concerning the utilization of pastures and on 
hay making. 

The grasses are divided into two classes — the sod-formers and the 
non-sod-formers. The sod-formers, which spread by creeping rootstocks, 
either above or below ground, and make a smooth turf, include our most 
valuable pasture and lawn grasses, such as Kentucky bluegrass and Ber- 
muda grass. The non-sod-formers, such as orchard grass, grow in tufts 
or bunches and increase only by seed or stooling, except in the case of 
a few, such as timothy, which also increase to some extent by forming 
new bulbs at the base of the stems. 

446. Combinatioiis for meardows and pastures. — No single variety 
of grass should ordinarily be sown for a meadow or permanent pasture, 
but instead a mixture of suitable grasses in combination with the 
clovers and other legumes. Such a mixture will produce a larger yield, 
and the stand will be more permanent than from a seeding of any single 
variety. 

The kind and proportion of grasses and legumes for such a mixture 
will depend on the climate, the soil, and the fertility of the particular 
field. In case of doubt as to the best mixture to sow, advice can readily 
be secured from the local county agricultural agent, the agricultural 
college or experiment station in each state, or from the United States 
Department of Agriculture. 

In general, for permanent pastures the chief reliance should be placed 
on those plants that are high-yielding and also permanent under the 
part;icular local conditions. However, grasses of this type, such as 
Kentucky bluegrass, require some time to become well established. There- 
fore it is generally advisable to include in the seeding mixture some 
quick-growing plants to furnish forage while the slower-developing kinds 
are becoming established. For this reason, such seeds as timothy and 
alsike clover are usually added to pasture mixtures, although these 

292 



THE HAY AND PASTURE GRASSES 293 

plants will usually be crowded out in a few years by the more tenacious 
species. 

447. Timothy . — In the United States timothy (Phleum pratense) 
is by far the most important hay grass and also the most widely-nsed 
pasture grass for short-time pasture seedings. It is distinctly a northern 
grass and does not thrive where the summers are too hot and humid. It 
survives the winters practically up to the Arctic circle. 

Timothy is commonly seeded with small grain, and, except when 
grown for a market where pure timothy hay sells at a premium, it is 
generally sown with red or alsike clover, or else with alfalfa. The mix- 
ture of timothy and clover usually produces a considerably larger yield 
than timothy alone, and the growing of clover is important from the 
standpoint of soil fertility. The hay is also usually less weedy than when 
timothy is seeded alone. Even more important, the mixed hay has a 
higher feeding value for all classes of stock except light horses and work 
horses or mules. Where alfalfa grows fairly well but is not a very sure 
crop, the combination of alfalfa and timothy is often grown, or else a 
combination of alfalfa, clover, and timothy. The advantages of growing 
legumes in combination with timothy are well shown by the Ohio tests 
that have been mentioned in Chapter XIII. (364) 

If conditions are favorable for clover, the first cutting of hay, the 
year after seeding the combination of timothy and clover, will consist 
largely of clover. A still larger proportion of the second cutting will 
be clover, for timothy does not produce much aftermath, unless cut very 
early. Except in a few districts, most of the clover, especially the red 
clover, dies at the close of this year. The decaying clover roots then 
nourish the timothy that remains, so that a larger yield of the grass is 
obtained the next season than would otherwise be the case. On many 
farms timothy is regularly used for pasture for a year or more after 
it has been cut for hay one or two seasons. 

The actual proportion of clover in the hay following the first year 
after seeding is often much less than is estimated by the grower. He 
may still think of the hay as mixed clover-and-timothy, even when it 
contains less than 10 per cent of clover. 

The importance of timothy in the United States is shown by the fact 
that, according to the Census, in 1929 there were grown for hay 25,547,- 
779 acres of timothy and mixed timothy-and-clover, with a yield of 
31,485,896 tons of hay, or 1.23 tons per acre. This was nearly half of 
all the acreage of tame hay in the country and more than 40 per cent 
of the total amount of tame hay produced. Over the great area from 
New England to Virginia on the east, across the country to and including 
Minnesota, Iowa, and Missouri on the west, timothy and timothy-and- 
clover are by far the most important hay crops. In the New England 
and Middle Atlantic states about three-fourths of all the tame hay is 
timothy or mixed timothy-and-clover. 

The continued popularity of timothy, even though numerous experi- 
ments have shown the superiority for stock feeding of legume hay over 
the usual kind of timothy hay, is due to the following : Timothy is not 
as particular in its soil requirements as alfalfa or red clover, and it 
thrives on soil which is too acid or too poorly drained for these legumes. 
The seed is cheap and generally of good quality. A field of timothy is 
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quickly established and usually holds well. The grass seldom lodges, it 
may be harvested over a longer period than most grasses, and it is 
easily cured into bright, clean hay which is free from dust and can be 
handled with little waste. 

448. Stage to cut timothy for hay. — Much of the timothy grown in 
the United States is cut entirely too late to make good hay. Hay from 
timothy that is cut after full bloom is much lower in protein and vita- 
mins, is less palatable, and also is less digestible than early-cut hay. 
(See Appendix Tables I and V.) Moreover, when the crop is cut early, 
considerably more aftermath is produced, which furnishes excellent late 
summer and fall pasture. 

Recent experiments by the New Hampshire and Ohio Stations and 
also, earlier Missouri trials show that when yield of hay, protein content, 
and amount of digestible nutrients are all considered, timothy should be 
cut not later than early to full bloom.^ If the hay is cut later than this, 
the yield of hay may be a trifle greater, but the quality is much poorer, 
and the amount of aftermath is also less. The early-cut grass is some- 
what more difficult to cure than that cut late, but this is much more 
than offset by the higher feeding value of the hay. 

It is shown in Part III that while late-cut timothy hay is poor for 
dairy cattle, beef cattle, and sheep, early-cut hay from well-fertilized 
land produces satisfactory results when fed in a properly-balanced ra- 
tion. For work horses and mules and for saddle and driving horses, hay 
cut not earlier than full bloom is preferable, for that cut too early may 
be unduly laxative. However, even for horses the cutting should not be 
delayed much after full bloom, or the grass will become tough and 
woody. 

It has been pointed out in Chapter XI that when timothy or other 
grass is fertilized with a nitrogenous fertilizer (either farm manure or 
a commercial nitrogen fertilizer), not only is the yield greatly increased, 
but also the protein content of the hay is usually higher. (303) There- 
fore when early cutting is combined with nitrogenous fertilization, the 
hay often contains twice as much protein as late-cut hay from land 
deficient in nitrogen. 

449. Value of timothy and mixed timothy-and-clover hay. — The 

value of timothy hay and of mixed timothy-and-clover hay for the vari- 
ous classes of stock is discussed in detail in Part III. It is there pointed 
out that for mature horses and mules timothy hay is the standard rough- 
age with which others are compared. Timothy hay has this high value 
for such horses and mules because it is usually freer from dust and mold 
than legume hay. Also, these animals need but relatively little protein, 
calcium, and vitamins A and D. Therefore legume hay, which is much 
richer than timothy in these nutrients, does not have the same advan- 
tages for them that it does for dairy cows, growing animals, or sheep. 
For colts and brood mares mixed clover-and-timothy is superior to pure 
timothy hay on account of its higher content of protein, calcium, and 
vitamins. 

Early-cut timothy hay from well-fertilized land is a satisfactory 
roughage for dairy cows, if fed with a concentrate mixture supplying 
sufficient protein, and preferably with silage as part of the roughage. 
On the other hand, late-cut timothy hay or that of poor quality because 
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of damage in curing, is a poor roughage for milk production. Mixed 
clover-and-timothy hay that is high in proportion of clover, is superior 
to pure timothy hay for dairy cows, because it is not necessary to feed 
such large amounts of protein supplements with this hay as with pure 
timothy. Mixed hay is also decidedly preferable to pure timothy for 
dairy calves and heifers. 

Timothy hay is fairly satisfactory for beef cattle, if it is cut early 
and cured well, but mixed clover-and-timothy hay is preferable. Tinlothy 
hay is least useful for sheep, and that of ordinary quality should not 
be fed to ewes or lambs, except in case of necessity, for it is constipating 
and unpalatable to them. If cut in early bloom and well cured, timothy 
hay gives satisfactory results when fed in combination with silage to 
breeding ewes or fattening lambs, provided that a sufficient amount of 
protein supplement is furnished and also a calcium supplement. 

460. Timothy for pasture. — ^Where fields in the regular crop rota- 
tion are used for pasture, timothy is usually the most common pasture 
grass in the area where it thrives. It was formerly believed that timothy 
pasture was less palatable to stock than bluegrass. Recent studies have 
shown, however, that timothy surpasses bluegrass and many other com- 
mon grasses in this respect, especially when the timothy is not more 
than 4 or 5 inches high.^ 

Timothy of the usual type does not generally persist in permanent 
pastures, due to its tall, upright growth. However, pasture types have * 
been developed in England which are lower and more spreading in 
manner of growth and which withstand close grazing better. 

461. Kentucky bluegrass. — Kentucky bluegrass (Poa pratensis), 
commonly kno.wn as bluegrass or as June grass, easily ranks first for 
pasture and lawns in the northern half of the United States, except 
where the climate is too dry. It thrives on well-drained fertile soils but 
is not so well suited to wet soils as red top. It does not thrive on soil 
too low in calcium or phosphorus. 

Bluegrass is very resistant to cold in winter, but it also does well 
farther south than timothy. It does not grow as well in shade as orchard 
grass. The combination of blue grass and white clover makes an espe- 
cially good permanent pasture. Therefore bluegrass should usually be 
grazed closely enough to encourage the growth of white clover. 

The fact that bluegrass is one of the richest of grasses in protein 
helps explain the fondness for it shown by stock. Before heading out in 
the spring, bluegrass usually contains nearly 20 per cent protein, if 
dried to a hay basis. This is actually a larger proportion of protein 
than in alfalfa hay cut at the usual hay stages. Also, when the grass 
is kept actively growing by proper fertilization and management of the 
pasture and is not permitted to head out, the percentage of protein will 
be nearly as high later in the season. (298) On the other hand, blue- 
grass in blossom or at the still later stages of growth is low in protein 
and high in fiber. While bluegrass is much less nutritious at the later 
stages of growth, it is then grazed more readily by stock than most other 
mature grasses. 

Bluegrass starts growth early in spring and soon provides excellent 
pasturage. When it is permitted to bear seed, it will enter a period of 
rest in midsummer, but starts growth again with the coming of the fall 
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rains and furnishes excellent fall pasture. Even when it does not go to 
seed, it usually becomes parched and brown during the midsummer 
droughts. The growth continues much better if the pasture is properly 
fertilized, unless the drought is too severe. 

In any efficient system of pasture management, plans should be 
made to provide plenty of other feed for stock during this period of 
scanty growth, especially for dairy cows. A temporary pasture, such 
as sweet clover, alfalfa, or Sudan grass, should be provided, if possible. 
If this is not done, the stock should be fed some silage, a green soiling 
crop, or else some hay. Sometimes a bluegrass pasture is stocked rather 
lightly in the spring, so there will be some grass left to provide feed 
later. However, such mature growth is not very palatable or nutritious. 
Also, if the bluegrass is allowed to grow up in this manner, the shade 
will tend to kill out the white clover, which is a most valuable part of 
the best permanent pastures. 

Because of its low, spreading growth, bluegrass is not a good hay 
grass. If cut in early bloom, the hay is nearly equal to timothy. How- 
ever, most bluqgrass hay, such as is cut along the roadside after the tame 
hay has been made* and the bluegrass has gone to seed, is of low feeding 
value. 

452. Bed top. — Bed top (Agrostis alba or palustris) is suited to 
a wider range of climatic and soil conditions than any other cultivated 
‘grass. It ranks next to bluegrass in importance as a pasture grass in 
the United States. A couple of years after seeding it forms a close, 
smooth sod, almost as dense as bluegrass turf. It is an excellent grass 
for marshy and damp lands, and at the same time it will withstand con- 
siderable drought. It endures on poor uplands and on soils too acid for 
most other grasses, and it may be grown much farther south than tim- 
othy or bluegrass. It is important as a hay grass in New England. 

Bed-top pasture or hay is only fair in palatability. Therefore red 
top is usually grown only where better-liked grasses do not thrive. It 
is seldom seeded alone for hay or pasture, but is commonly grown with 
other grasses, chiefly timothy, and with the clovers. 

4M. Orchard grass. — Orchard grass (Dactylis glomerata) is a long- 
lived perennial that grows in nearly every state in this country. It does 
not stand cold winters as well as timothy, but it can endure more heat 
in summer and it does better on soil of low or moderate fertility. It is 
grown most widely in a broad belt south of the middle of the corn belt, 
reaching from North Carolina and Virginia to Missouri, Arkansas, and 
Kansas. Here it is used as a substitute for timothy, and is usually seeded 
with clover. Bipening two weeks before timothy, it fits in well with red 
clover. North of this belt, timothy is superior, chiefly because it is 
hardier and the seed much cheaper. In England orchard grass is com- 
monly called cocksfoot. 

Orchard grass grows in bunches or tufts, forming an uneven sod 
and hence should be sown with clovers or other grasses, both for hay 
and for-pasture. It does better than most other grasses in partial shade, 
and it owes its common name to this characteristic. It is a good pasture 
grass, as it starts growth early in the spring, endures drought well and 
continues growth late in the fall. However, it is not as palatable to 
stock as is timothy or bluegrass. Therefore care must be taken to stock 
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the pasture heavily enough so that the grass will be grazed down before 
it becomes tall and woody. 

In most districts it is not wise to include orchard grass in pasture 
mixtures for seeding a large acreage of pasture. There may then be 
much difficulty in getting it grazed down in the spring before it becomes 
woody and unpalatable. On the other hand, orchard grass is excellent 
in a mixture for a pasture of limited size that is to be used for heavy 
early grazing. 

While late-cut orchard grass makes harsh, woody hay, that cut in 
early to full bloom is equal to the best of the grass hays. Orchard grass 
furnishes more second growth than any other hay grass adapted to 
temperate conditions. It is also richer than most grasses in phosphorus 
and calcium.^ 

464. Other northern grasses. — Canada hluegrass fPoa compressa) will yield fair 
pasturage on poor or thin soil where Kentucky hluegrass fails. It withstands close 
grazing and is considered excellent for fattening cattle. This grass is important 
on the poorer soils in New England, Ontario, and New York and is also common in 
Pennsylvania, the Virginias, and Maryland. 

Fowl meadow grass (Poa palustris), a close relative of Kentucky hluegrass, 
thrives in the northeastern states on wet land subject to overflow, where even red 
top and alsike clover are killed out. On such wet meadows in Vermont yields of 
1.2 to 2.5 tons per acre have been reported of hay which was as well relished by 
stock as upland hay.^ 

Bhode Island hent (Agrostis vulgaris or tenuis) is the most common pasture 
grass in New England and eastern New York, and is found southward to Virginia 
and westward to the Pacific slope. It thrives on soils too low in lime or too poor 
in fertility for hluegrass. Like hluegrass, it is a pasture grass, rather than a hay 
grass. 

Bromegrass (Bromus inermis) is of much importance in that part of the great 
plains region from South Dakota and Montana northward to Saskatchewan, for 
it is drought resistant and hardy. It furnishes good crops of hay, fully equal to 
timothy in feeding value, for 3 or 4 years after seeding. By that time it usually 
becomes sod-hound and should be renewed by disking or shallow plowing. Brome- 
grass has never succeeded as well in the eastern states as in the West. 

Brome is one of the most palatable of pasture grasses, and it starts into growth 
early in the spring and endures heavy grazing. It is usually cut for hay just after 
full bloom, at the stage known as “the purple,” but still makes good hay at some- 
what later stages. Under favorable conditions two cuttings may be secured, and 
the average annual yield per acre is about 1.5 tons. Though it is the most drought 
resistant of the common cultivated grasses, brome is usually less productive than 
the native prairie grasses in the drier parts of the great plains. 

Tall meadow oat-grass ( Arrhenatherum elatius), or tall oat-grass, is one of the 
common grasses of continental Europe, but it has never become important in this 
country. This is perhaps on account of the high cost of the seed. It is adapted to 
about the same climatic conditions as orchard grass, but will not endure shade. It 
is primarily a hay grass and is usually grown in mixtures with other grasses and 
clovers. • 

Meadow fescue (Festuca elatior), a tufted, long-lived perennial grass, is adapted 
to practically the same area as timothy, which excels it for hay. Though it thrives 
best on rich moist land, the largest acreage in this country has been grown in 
eastern Kansas, chiefly for seed to be exported to Europe. It is best as a pasture 
grass, starting growth early in the season and continuing till late in the fall. As 
the seed is high-priced, it is usually sown in mixture with other grasses for perma- 
nent pastures. 
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Italian rye-grass (LoUum multiflorum) and English rye-grass (Lolium perennef 
are short-lived, rapid-growing perennials. Though of great importance in Europe 
they are not grown extensively in this country, except in the humid region of 
western Washington and Oregon, where they are among the best pasture grasses. 

Beed canary grass (Phalaris arundinacea) , a native of temperate sections of 
North America, Europe, and Asia, is especially well adapted to wet soils which are 
subject to overflow for periods which would kill other grasses. It has proved the 
best crop for wet peat lands in certain sections of Minnesota and western Oregon. 
It is a hardy, vigorous grass which grows 4 to 6 feet tall and provides good pasture 
and heavy yields of hay higher in protein than timothy.s 

Slender wheat-grass (Agropyron tenerum), known in Canada as western rye 
grass, is a native North American grass which has proved valuable under cultivation. 
It is an excellent grass for the northern plains district, as it is markedly drought 
resistant. 

Quack grass (Agropyron repens), also called ‘‘witch” or “couch” grass, is one 
of the most widely distributed and destructive weeds of the North Temperate Zone. 
Though quack grass is known chiefly for its bad habits as a weed, when cut in early 
bloom it makes hay that is said to be equal to timothy, and it furnishes satisfactory 
pasture.6 It often forms a considerable part of the “timothy” hay on the market, 
especially in New England. In permanent pastures it tends to become root bound 
in 3 to 4. years and often nearly disappears. On account of the great difficulty of 
eradicating quack grass, it should never be purposely introduced on clean land. 

466. The small grains for forage. — All the small grains are suitable 
for hay, for pasture, and for soiling crops. The acreage of small grains 
grown for hay, not including that for other purposes, was 4,354,000 acres 
in 1935, according to estimates made by the United States Department of 
Agriculture, and the yield of hay was 5,009,000 tons, or 1.15 tons per acre. 

The small grains are especially important as hay crops in the Pacific 
Coast states, surpassing alfalfa in acreage and forming nearly one-third 
of all the tame hay. Here barley and wheat are the chief grains 
used for this purpose. In the Pacific-Coast district wild-oat hay is also 
important, making satisfactory hay for stock.^ The small grains are also 
valuable hay crops in North Dakota and Montana. 

Except for horses, oats and wheat make better hay in the humid 
districts when cut in the milk stage than if cut later.® For horses, cut- 
ting in the soft-dough stage is preferred by many. In the case of barley 
hay there may be less tendency for the beards to cause sore mouths in 
stock if Ihe hay is cut after the milk stage, when the beards have be- 
come brittle. Rye should be cut in the blossom stage for all stock, as it 
soon becomes straw-like. Cereals cut in the milk stage cure rather slowly, 
and therefore care is necessary to get the hay sufficiently dry to prevent 
heating or molding after it is stored. 

In the semi-arid districts of the northwestern United States and 
western Canada, oats make excellent dry forage when cut in the dough 
stage or even later. Oats are extensively harvested with a binder when 
in the dough stage in the plains areas yf western Canada, and cured as 
‘‘sheaf oats’’ for feeding to cattle and other stock. In such climates the 
leaves and stems are apparently more palatable at late stages of maturity 
than in humid sections. In experiments at the Washington Station oat 
hay, from oats that were nearly ripe, was more palatable than that cut 
when immature.® Also, because of the grain it contained, the late-cut 
hay was lower in fiber and more nutritious. 

In the district from Virginia to Georgia and westward to Kentucky, 




Beef Cattle Fattening on Bluegrass Pasture 

In the northeastern United States, Kentucky bluegrass is by far the most im- 
portant pasture grass. 



Cutting a Fine Field of Timothy 

On most farms where timothy is now extensively grown, greater use should be 
made of the legumes. The latter not only yield more hay, and hay of higher feeding 
value for most stock, but also increase the fertility of the land. 




Sudan Grass and Soybeans Make a Good Emergency Crop 
Where Sadan grass thrives, it furnishes good yields of hay which is superior to 
millet. Sudan ^ass may be gTown with soybeans or cowpeas to increase the rich- 
ness of the hay m protein. (From Wisconsin Station.) 
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Tennessee, and Louisiana, and also in some of the New England States, 
the greater part of the oats raised for grain is not threshed, but is fed 
unthreshed. The use of sheaf or bundle oats for feeding horses has also 
increased in other states during recent years. 

In the northern states, except on the Pacific Coast, oats or other 
small grains for hay are usually seeded with field peas. This combina- 
tion produces a larger yield and also provides more palatable and nutri- 
tious hay. In the South, combinations of oats, wheat, hai^ vetch, and 
crimson clover are often used. The use of such combinations has been 
discussed in Chapter XIII. 

Well-cured cereal hay resembles good timothy hay in composition 
and feeding value and may be used similarly in stock feeding.^® It is 
satisfactory as the only roughage for mature horses and for wintering 
beef breeding cows. For dairy cattle, for growing or fattening cattle, or 
for sheep, it should be fed, if possible, as only part of the roughage, 
along with legume hay or silage. A sufficient amount of protein supple- 
ment should be used to balance the ration, for cereal hay is low in 
protein. 

In the North fall-sown rye or wheat furnishes excellent late-fall 
and early-spring pasture, while spring-sown oats or barley provide green 
forage in early summer. In the winter-wheat belt it is often possible to 
graze a regular seeding of wheat for 3 or 4 weeks in early spring without 
diminishing the yield of grain. In the South fall-sown grains may be 
pastured moderately through the winter, and will still yield considerable 
hay or grain. Green rye may give a marked flavor to milk unless the 
cows are pastured on it for only 2 or 3 hours after milking. A combi- 
nation of wheat and rye furnishes pasture over a longer season than 
either grain alone. 

While cereals cut for hay at the usual stage of maturity are rela- 
tively low in protein, such forages are rich in protein at the early stages 
of growth. For example, green rye, wheat, or oats 5 inches high will 
contain 20 to 25 per cent of protein, if dried to the same moisture con- 
tent as hay. 

A field sown to rye, wheat, oats, or barley for temporary pasture 
may be changed to a permanent one by sowing clover and grass seed 
thereon early in spring. The grass and clover plants will then begin 
growth under shelter of the young grain. Stock may graze on the cereal 
plants regardless of the young grasses and clovers but should be kept 
off the fields after rains, and the pasture should not be grazed too closely. 
After the cereal plants are grazed off, the grasses and clovers spread 
until they form a permanent sod. 

If ensiled when the kernels are just past the milk stage or slightly 
earlier, the cereals make fair to good silage. The crop should be run 
through a silage cutter and unusual care taken in tramping down the 
mass to force the air out of the hollow stems. 

456. Wild or native grasses; prairie grass and hay. — The value of 
wild or native grasses for pasture or hay varies widely in different 
regions, depending on the climate, the character of the soil, and the 
species of grasses.^^ The grasses on the western mountain meadows and 
on the upland prairies are generally highly nutritious and palatable 
when actively growing. They then furnish excellent pasturage and also 
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provide hay about equal to timothy, when the growth is tall enough to 
be cut. Prominent among the species of valuable prairie grasses are the 
grama grasses, the wheat grasses, bluestem, and buffalo grass. 

It has already been pointed out in Chapter XI that grass which has 
matured may have a very low feeding value, due to weathering and 
leaching. (304) Therefore such pasturage may be poor and may even 
produce nutHtional trouble, due to lack of protein, vitamins, or minerals. 
When there is little or no rain after the grass reaches full development, 
much less loss through weathering will occur, and the dried mature 
grass may furnish satisfactory feed, except that it will be low in vitamin 
A content. (186) 

Prairie hay cut when still green is similar to timothy hay in com- 
position and feeding value, although usually somewhat higher in protein. 
It is satisfactory as the only roughage for mature horses and mules and 
for wintering beef breeding cows, which do not need much protein. For 
dairy cattle, for young beef cattle, and for sheep it produces much better 
results when used as only part of the roughage. It should be fed to such 
stock, if possible, with some legume hay or else with silage and a suffi- 
cient amount of prbtein supplement to balance the ration. Unless the 
hay is grown on soil well supplied with calcium, it may be necessary to 
add a calcium supplement to the ration. 

For dairy cows prairie hay is satisfactory as part of the roughage, 
but it is distinctly inferior to good legume hay and only about equal to 
timothy hay of the usual kind.^^ In Wyoming trials prairie hay was 
satisfactory as the only feed for wintering beef yearlings, but not for 
wintering beef calves, which need more protein.^^ In Oklahoma experi- 
ments it was fed successfully as the only roughage to fattening calves 
when it was supplemented with ground limestone and cottonseed meal. 
However, it was worth only one-half to three-fourths as much per ton 
as alfalfa hay.^* 

Marsh hay is usually decidedly inferior in value to hay from upland 
meadows, though bluejoint (Calamagrotis Canadensis), cut before ma- 
turity, nearly equals timothy in value. Marsh hay may often be used 
satisfactorily for horses and mules, especially those which are idle or not 
working hard. It is not well suited to dairy cattle or sheep. The marsh 
hay of the western mountain districts, though consisting largely of 
sedges and rushes, is usually of higher value than such hay in the 
eastern states.^® 

467. Sudan grass. — Sudan grass (Sorghum vulgare Sudanese, or 
Andropogon sorghum sudanensis) is the most important annual hay 
grass in the United States. It is a near relative of the sorghums and of 
Johnson grass and resembles the latter closely in leaf, stem and seed, 
though it is taller and the leaves are broader and more numerous. How- 
ever, it is distinctly an annual and entirely lacks the underground stems 
or rootstocks which make Johnson ^ass a serious pest in the South. 

Sudan grass grows 4 to 8 feet high in cultivated rows, and 3 to 5 
feet when sown broadcast. For so rank a grass, the stems are fine, being 
^Idom larger than a lead pencil, and the leaves are soft in texture. It 
is adapted to the same conditions as the sorghums and is pqually drought 
resistant, but it is earlier and may be grown farther north. However, it 
is decidedly a warm-weather grass and is not as resistant as corn to cold 
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in the early stages of growth. Therefore it does not do well in the 
northern limits of com culture. It yields best on fertile, well-drained 
soil, but it will grow better on poor or sandy soil than most hay or 
pasture crops. It does not thrive along the Gulf Coast. 

Where alfalfa, clover, and timothy flourish, the chief use of Sudan 
grass is as an emergency hay crop or as a supplementary pasture crop. 
It surpasses the millets in yield as well as in value of forage, and it has 
therefore largely displaced them where it thrives. On account of its 
drought resistance, it is one of the most valuable crops for the western 
part of the plains region, from central South Dakota to Texas. 

Mixtures of Sudan grass and either soybeans or cowpeas are often 
grown, especially for hay. In humid districts the combinations usually 
yield more than the legume alone and also cure more readily. In addi- 
tion, the hay is more nutritious than Sudan grass hay. In Illinois the 
combination of soybeans and Sudan grass was the best emergency forage 
crop for late summer use, with oats and peas excelling for early 
summer.^® 

Because Sudan grass crosses readily with the sorghums and the 
seed closely resembles that of Johnson grass, unusual care is necessary 
to ensure its purity. 

468. Sudan grass for hay. — Sudan grass makes good hay when cut 
from the time it begins to head until the seed are in the dough stage. 
If cut when heading out or in early bloom, the hay is richer in protein 
and of higher value per ton.^^ In addition, two cuttings can often be 
then secured, even in the northern states. However, if cut at this stage 
the grass is more difficult to cure. In the southern states Sudan grass 
yields 2 or 3 cuttings of hay. 

Yields of 2 to 4 tons of hay are secured per acre on good soil when 
the rainfall is ample. In the semi-arid districts the yield is considerably 
less, but in the irrigated districts of the Southwest, Sudan grass some- 
times yields as much as 8 to 10 tons of hay per acre.^® 

Sudan grass hay compares favorably with hay from the other 
grasses in feeding value, but is of considerably lower value than that 
from alfalfa or clover.^® It is slightly laxative in nature. Sudan grass 
hay is satisfactory as the only roughage for horses and mules. For 
dairy and beef cattle, and especially for sheep, it gives much better 
results when fed with some legume hay or with silage, than when it is 
fed as the only roughage. It has given poor results as the only roughage 
for fattening lambs, even when chopped and supplemented with a 
protein supplement.^® 

469. Sudan grass for pasture, soilage, and silage. — Sudan grass is 
one of the best annual pasture crops, especially to provide feed for the 
mid-summer period when permanent pastures are usually short.*^ It is 
therefore particularly valuable for dairy cows, as it provides a large 
amount of palatable succulent feed just when often needed to prevent 
a serious shrinkage in yield of milk. In a good season Sudan grass pas- 
ture should furnish pasturage for about one cow per acre from July 
for a period of 2 to 3 months. It should not be grazed until it is 15 to 18 
inches high, but it may be ready in about a month after it is sown. 

With Sudan grass there is much less danger from prussic acid 
poisoning than in the case of the sorghums.*^ (501) However, it is wise 
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to use caution when the crop has been stunted by drought. Also, after 
the grass has been injured by severe frost, it is not safe to graze it until 
it has dried and cured thoroughly on the ground. 

Sudan grass also provides very satisfactory pasture for horses, beef 
cattle, and sheep. For swine, alfalfa, red clover, or rape are preferable, 
where they thrive, for these crops are more palatable to swine and also 
furnish forage over a longer period.^^ Even for swine, however, Sudan 
grass is one of the best pasture crops in the drier portions of the plains 
states.^* 

Sudan grass is well suited for use as a late summer soiling crop 
and it makes satisfactory silage. In a California trial Sudan grass silage 
was considered worth 10 per cent less than corn silage for dairy cows.^® 

.460. Tlie mlUet& — The millets are rapid-growing, hot-weather annuals of 
many races and varieties. Of these, the foxtail millets (Setaria Italica, spp.) are 
the type most grown for forage in the United States. In this group are common 
millet, the earliest and most drought-resistant; the less drought-resistant, shorter- 
stemmed Hungarian millet, the seeds of which are mostly purplish; and German 
millet, late-majuying and with nodding heads, which yields more hay but not of 
quite such good quAlity. 

The foxtaU millets are especially valuable as hay crops on dry-farms in the 
northern plains region. In the more humid regions they are grown chiefly as catch 
crops, for they may be seeded later than other crops and still make a crop of hay. 
Millet may be made into silage satisfactorily, but the feeding value of such silage 
per ton is considerably less than that from corn or the sorghums. 

In the humid regions millet should be considered merely an emergency crop, 
for Sudan grass surpasses it in yield and feeding value, and soybeans or oats-and- 
peas produce hay of much greater feeding value. Millet should be seeded thickly 
for hay and should be cut just after blooming, or even before this stage. The hay 
is usually less palatable and inferior in feeding value to timothy hay or even bright, 
fine corn or sorghum fodder. It may sometimes cause scouring. Since millet hay 
is sometimes injurious to horses, it should be fed sparingly to them. 

Japanese millet (Echlinochloa frumentacea) , a cultivated, rank-growing variety 
of common barnyard grass, will grow better in cool regions and on wetter soils than 
the foxtail millets or Sudan grass. It is taller and coarser than the foxtail millets 
and may be used as a soiling crop, as hay, or as silage. Japanese millet hay does 
not apparently have the injurious effect on horses that foxtail millet hay sometimes 
does. This millet has been extravagantly advertised as “billion-dollar grass” or 
‘‘million-doUar grass.” 

Proso, or "broom corn millet, described in Chapter XVII, is grown chiefly for 
seed production, as the yield of forage is low and the stems woody. Pearl millet 
(PenrUsetum glamcum), also called pencillaria or cat- tail millet, is adapted to the 
same conditions as the sorghums, but they have proven more valuable and have 
largely displaced it in both the semi-arid regions and the South. As a soiling crop, 
it should be cut when 3 to 4 feet high, before the stems become hard. 

461. Bermuda grass. — This low-growing, creeping grass ( Cynodon 
dactylon) is the most important pasture grass in the southern states. 
It is likewise the chief lawn grass of the South and is an important 
hay grass on the more fertile soils. It is most commonly propagated 
by planting small pieces of sod, but it may also be raised from seed. 

Bermuda grass forms a dense soil-binding sod but does not provide 
pasturage oyer as long a season as carpet grass or Dallis grass. It is 
late in starting in the spring and ceases growth with the first frost in 
the fall. It provides the best pasturage when closely grazed, as other- 
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wise it becomes tough and wiry. Because of its aggressiveness, it drives 
most other grasses out in summer, but lespedeza and white clover will 
flourish in spots among this grass and improve the pasture. For winter 
pasture when Bermuda is dormant, Bermuda sod may be seeded to bur 
clover, hairy vetch, or Italian rye grass. 

According to Piper, good Bermuda pastures will carry one cow to 
the acre during the summer and the best mixed Bermuda-and-lespedeza 
pastures have an even greater carrying capacity.^® The yield of forage 
is increased when the pasture is subdivided and the stock are rotated 
on the plots. 

Though primarily a pasture grass, on rich soil Bermuda gives good 
yields of hay which is about equal to timothy in feeding value. The 
average yield docs not exceed 1 ton per acre, though as high as 3 
to 4 tons have been reported under unusually favorable conditions. 
The stout rootstocks when plowed up are readily eaten by hogs, and 
in the tropics, when the top growth is scanty, are often pulled up and 
fed to horses. 

462. Carpet grass. — Carpet grass (Axonopus compressus) is a perennial, creep- 
ing grass that probably ranks next to Bermuda as a pasture grass for the southern 
half of the cotton belt, being especially useful on moist, sandy lowlands. It endures 
close grazing well and does not become troublesome as a weed in the United States. 
It is only fairly nutritious, however, and forms such a dense turf that it is difficult 
to keep legumes in it. 

463. Dallls grass. — Dallis grass (Paspdhim dilatatum) is a perennial southern 
grass that grows in clumps or bunches 2 to 4 feet high. It is becoming increasingly 
important in the South, for it is more drought resistant than Bermuda grass or John- 
son grass and furnishes pasture over a much longer season than Bermuda grass, often 
remaining green during the winter. Owing to its tendency to lodge, it is better for 
pasture than for hay. A fungus somewhat similar to ergot often severely attacks 
the seed heads and may cause poisoning of cattle. To avoid this the grass should be 
grazed so heavily that it does not head out, or it should be mowed. 

464. Johnson grass. — Johnson grass (Sorghum halepense or Andropogon hale'^ 
pensis) is a perennial southern grass which is a close relative of the sorghums and 
of Sudan grass. It is perhaps the most striking example in this country of a plant 
that was purposely introduced as a useful plant, but which has become a serious pest. 
Johnson grass is the worst weed of the cotton planter, and yet it is the best meadow 
grass for some sections of the South. Its vigorous creeping rootstocks make it very 
difficult to eradicate when once established, and therefore it should never be sown on 
clean fields. 

When cut not later than early bloom, Johnson grass makes hay which is similar 
to timothy in feeding value. Where it is firmly established, many farmers prefer to 
use it for forage, instead of fighting it as a pest. Often a winter crop of oats or oats 
and vetch is grown after a field is plowed, and then two or three crops of Johnson 
grass are cut for hay. If a field is not plowed each year or two, the yield of hay be- 
comes small. It is not very well suited for pasture on account cf its coarse growth, 
but it may be cut once a month during the summer as a soiling crop. Sometimes « 
field of Johnson grass is plowed in the winter so hogs can forage on the rootstocks, 
.of which they are fond. 

465. Japanese cane; sugar oane; sugar-cane bagasse. — Because of its heavy 
yields, Japanese cane, a slender-stemmed variety of the common sugar cane (Sao 
charum officinarum) is one of the cheapest forage crops that can be grown in the 
Gulf states, and possibly in southern California. In Florida it furnishes good pas- 
ture for cattle and hogs from November to March, but is killed by grazing after 
growth starts in the" spring. It may be fed in the fall as a soiling crop or may be 
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kept for winter by shocking it in the field. The stalks remain juicy, while the leaves 
dry out. This crop also makes good silage. Yields of 12 to 25 tons of green forage 
per acre are not unusual. 

The tops and leaves of common sugar cane, removed on harvesting the cane, also 
make satisfactory forage for livestock .27 Much feed is wasted when this by-product 
is not utilized by feeding it to stock, for the amount of leaves and tops ranges from 
4 to 8 tons per acre. This waste is usually left in the field until early spring and 
then burned. 

Sugar cane bagasse, left at the sugar factories after as much as possible of the 
juice has been pressed out of the crushed stalks, is extensively used as fuel in the 
factories. Sometimes the bagasse is dried and the more fibrous parts are used in 
the manufacture of insulating board. The smaller and more pithy fragments screened 
out are called sugar cane pulp. This or the entire dried bagasse may be mixed with 
cane molasses, with or without other feeds in addition, for feeding to horses, mules, 
or ckttle. 

According to reports from plantations in this country and Hawaii, work stock 
have been kept in good condition on such a mixture as sugar cane pulp or bagasse, 
cane molasses, and soybean oil meal. The dried bagasse and the dried pulp contain 
somewhat more fiber than straw from the small grains and supply only about one-half 
as much protein and*one-fourth to one-third as much fat. 

466. Other southern grasses. — Rhodes grass (Chloris gay ana), a native of South 
Africa, is adapted as a perennial only to Florida and a narrow strip in this country 
along the Gulf Coast to southern Texas and westward to southern California. Wilh 
irrigation it has succeeded on soil too alkaline for other crops, and it has also given 
good results in southern Texas, due to its drought resistance. It produces good hay 
and in central and southern Florida as many as 6 or 7 cuttings may be made in a 
single season. In tropical countries it is said to be the best hay grass. 

Napier grass (Pennisetum purpureum) is a giant tropical grass that grows 12 
to 18 feet tall in clumps consisting of 20 to 200 stalks about an inch in diameter. It 
is adapted to about the same area in this country as Japanese sugar cane. It is an 
excellent soiling crop for dairy cows and can be cut every 3 to 4 weeks during the 
growing season. It also makes good silage .28 

Para grass (Panicum barbinode) is a perennial tropical grass with long creeping 
stems, which is now commonly grown in most tropical countries. It is usually fed 
green and is often sold in bundles on the market. Para grass is adapted only to the 
extreme southern part of the United States. If wanted for hay, the grass should be 
cut when 3 to 4 feet high. The hay is coarse but of excellent quality if cut before 
the stems become woody. 

Chiinea grass ( Panicum maximum), perhaps the most famous of tropical grasses, 
is adapted in this country only to a narrow strip from Florida to southern California. 
In the Tropics guinea grass is used chiefly for pasture, but it is often fed as a green 
soiling crop. In the Gulf region 4 to 6 cuttings a season can be made. 

Rescue grass (Bromus wiUdenowii), a short-lived perennial which usually behaves 
as a winter annual in the South, is probably the best grass for temporary winter pas- 
tures on rich land in the southern states. It may also be cut for hay. 

Natal grass (Tricholaena rosea), when once seeded in the Gulf section, volunteers 
from year to year, coming after early crops and producing good late summer and 
fall grazing and good hay .20 It is well adapted to poor sandy soils. 

Bahia grass (Paspalum notatum), the most common grass of western Cuba, is 
hardy throughout Florida and along the Gulf Coast. Close grazing or frequent cut- 
ting dees not injure the stand or reduce the yield.^o It succeeds even en sand-hill 
soil, the chief handicap to its culture being the poor germination of the seed. 

Teosinte (Budhlaena Mexicana), a relative of Indian corn, requires a rich, moist 
soil and is too tropical to have value north of the southern portion of the Gulf states. 
Teosinte has never become important in the United States, because on moderately 
fertile soils it yields less than sorghum, and on rich land less than Japanese cane. 
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II. Straw and Chaff 

467. Composition of straw. — ^As the small grains and other plants 
mature, the nutrients which have been built up in the green parts are 
in large part transferred and stored in the ripening seed. Thus the 
straw, consisting of the mature stems and leaves, is left with but 
relatively little protein, starch, or fat, while the content of fiber or 
cellulose is high. The straw is also low in calcium and phosphorus and 
in vitamins, especially vitamin A. The nutritive value of straw is 
therefore very much lower than that of hay made from the same plants 
before they have matured. 

The feeding value of each kind of straw may differ widely, de- 
pending on the stage at which the crop was cut, the care with which 
it was cured, the soil and climate, and the amount of more nutritious 
grasses and weeds present. The value of straw from the legumes has 
been discussed in Chapter XIII. (418) 

468. Straw and chaff of the cereals. — Straw from the small grains 
is high in fiber and supplies less digestible nutrients and much less net 
energy than good hay. Also, it is very low in digestible protein, the 
nutritive ratio being 1:40 or wider. 

Straw is satisfactory as a considerable part of the roughage for 
idle horses and mules and those at light work, or for wintering beef 
breeding cows. These animals need relatively little protein and vita- 
mins and their requirements for net energy are not high. However, 
they need considerable heat to keep their bodies warm, and this is 
furnished by the heat liberated in the mastication and digestion of 
the straw. (‘86-88) 

On the other hand, straw should not, under usual conditions, form 
any large part of the roughage for dairy cows, for growing or fattening 
cattle or sheep, or for horses or mules at hard work. When there is a 
shortage of better roughage on account of drought, considerable straw 
can be fed to these classes of stock with fair results, if care is taken 
to use sufficient amounts of protein supplements, to feed more concen- 
trates than usual, and to add a calcium or phosphorus supplement 
when necessary. Also, a deficiency of vitamin A must be guarded 
against. Beef cattle fed a limited amount of better roughage will eat 
more straw during cold weather when they have need for more heat- 
producing feeds than in mild weather.*^ 

In Canada and Europe pulped roots and meal are often mixed 
with cut or chaffed oat straw, and the moist mass allowed to soften. 
It is then readily consumed by cattle and sheep. In many districts 
of Europe horses are fed cut straw mixed with their concentrate allow- 
ance, small amounts being thus utilized even for horses that are at 
hard work. 

The use of cereal straw for the various classes of stock is discussed 
further in the respective chapters of Part III. 

Oat straw with its soft, pliable stems is the most nutritious, fol- 
lowed by barley straw. Wheat straw, being coarse and stiff, is not so 
readily eaten, and rye straw, which is harsh and woody, had better 
be used for bedding. The chaff of wheat and oats contains more protein 
than does the straw and is a useful roughage when not loaded with 
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dust, rust, or mold. Rice straw, if well cured, may be fed in the same 
manner as straw from the other cereals.^ ^ 

469. Straw from other plants. — When timothy, red top, or other 
grasses are raised for seed, the threshed grass straw can often be used 
for feeding in the same manner as cereal straw. 

Flax straw is about equal to oat straw, when of good quality. South 
Dakota experiments show that it can be used satisfactorily as the only 
roughage for wintering beef breeding cows or yearling steers.^® The 
statement, sometimes made, that the stringy fiber of flax forms indi- 
gestible balls in the stomach, is unwarranted, since it is digested the 
same as other fibrous material. 

Flax straw that has considerable green, immature flaxseed must, 
however, be fed with great caution, as it may contain poisonous amounts 
of prussic acid.^^ (501) Volunteer fllax which sometimes springs up in 
the fall is very unsafe for pasturing. 

Buckwheat straw is of low value and may cause digestive dis- 
turbances if fed in large amounts.®® 


QUESTIONS 

1. Why should a mixture of grasses and legumes be commonly used for permanent 

pasture or meadows, instead of merely one variety of grass? 

2. Why is timothy the great hay grass of the northern United States, and in what 

respects is it inferior to legumes? When should it be cut for hay? 

3. What are the advantages of seeding a mixture of timothy and clover or timothy 

and alfalfa in comparison with seeding timothy alone for hay? 

4. Why does Kentucky bluegrass rank first as a pasture grass in most of the north- 

ern half of the United States? 

6. Under what conditions is red top chiefly grown? 

6. Discuss the characteristics and value of orchard grass. 

7. Of what importance are the small grains for forage in your district; in other 

sections of the United States? 

8. Discuss the use and value of wild or native grasses; of prairie hay. 

9. What are the characteristics of Sudan grass? Discuss its value for hay; for 

pasture; for soilage; for silage. 

10. Name 3 types of millets. Of what importance are the mDlets in your district? 

11. Discuss the importance and use of Bermuda grass; of carpet grass. 

12. State the characteristics and value of 4 other grasses which are of importance 
' in your district. 

13. Discuss the composition of straw and state how it may be best used in stock 

feeding. 
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CHAPTER XVI 

ROOTS, TUBERS, AND MISCELLANEOUS FORAGES 
I. Roots and Tubers 

470 . Unimportant for livestock in the United States. — In northern 
Europe and eastern Canada root crops are extensively grown for stock, 
but in this country they have never been widely used. The acreage 
has now declined to an insignificant amount in comparison with other 
forage crops. According to the Census, in 1929 only 14,752 acres of 
roots were raised for forage in the entire United States, in comparison 
with 88,333 acres in 1919. Of the total acreage in 1929, nearly one-half 
was in the three Pacific States — California, Oregon, and Washington. 
In comparison «witl\ this very small acreage of roots, in 1929 the acreage 
of com grown for silage in the United States was 4,005,539 acres; of 
com cut for fodder, 6,263,881 acres ; and of sorghums grown for forage, 
4,355,919 acres. 

The great difference in the importance of roots for livestock feeding 
in this country and in northern Europe is due chiefly to the difference 
in climate. Northern Europe with its cool summers is well suited to 
growing roots but not to the culture of com. In most parts of our 
country the summers are hot and com or the sorghums thrive, fur- 
nishing in the form of silage palatable succulent feed which is much 
cheaper than roots. Also root crops require much more hand labor 
than corn or the sorghums, and labor is cheap in Europe in comparison 
with this country. 

In the United States, the growing of roots for livestock is advisable 
only under the following special conditions: (1) In those districts 
where the summers are too cool for corn; (2) on farms in the corn 
belt where too few animals are kept to use silage economically; (3) to 
serve as a relish for show animals or dairy cows on official test; or 
(4) for poultry feeding. 

While the acreage of root crops grown for stock feeding in the 
United States is very small, the production of sugar beets for sugar 
manufacture is of importance in certain sections, particularly in Colo- 
rado and the other western Mountain States. During the 10-year period, 
1924-33, an average of 743,000 acres of sugar beets was harvested for 
sugar .production, with an average yield of 11.0 tons per acre. The 
by-products from the beet-sugar industry — ^beet pulp, beet molasses, 
and beet tops — are used for stock feeding. Also, cull and surplus 
potatoes and sweet potatoes are important by-product feeds in certain 
sections. 

471. Composition and value of roots and tubers. — All root and 
tuber crops are exceedingly watery and low in dry matter. Especially 
so are mangels with an average of only 9.4 per cent dry matter, turnips 
with 9.5 per cent, and rutabagas with 11.1 per cent. This is much less 
than half the percentage of dry matter in good com silage. The dry 
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matter that roots and tubers do contain is low in fiber and highly 
digestible, and it is therefore relatively high in net energy per pound. 
Roots and tubers should therefore be regarded, not as roughages, but 
as watery or diluted concentrates. 

The chief nutrients in roots and tubers are carbohydrates — largely 
cane sugar in beets and mangels and starch in potatoes. Roots and 
tubers are low to fair in protein content, are low in calcium, and only 
fair in phosphorus. Also, they contain but little vitamin D and, with 
the exception of carrots and yellow sweet potatoes, are low in vitamin 
A value. In general, roots are therefore in decided contrast to legume 
hay, which is rich in protein, in calcium, and in vitamins A and D. 

Because their dry matter is highly digestible and rich in net energy, 
roots can be used as a substitute for a considerable part of the grain 
usually fed to dairy cows or to fattening cattle and lambs. This is 
usually not an economical practice in the United States, but is common 
in northern Europe. In most of the trials with dairy cows a pound 
of dry matter in such roots as mangels, sugar beets, or rutabagas has 
been equal to a pound of dry matter in grain, such as com, wheat, or 
barley, or, at least to equal a pound of such grain.^ Hansson values 
roots slightly lower in comparison with grain for dairy cows, rating 
1.1 lbs. of dry matter in roots equal to 1 lb. of com or barley.* * 

Because such roots as mangels, rutabagas, and turnips contain less 
than half as much dry matter as com silage, they are worth much less 
per ton for stock feeding. The experiments reviewed in Part III show 
that for dairy cows 100 lbs. of corn silage are worth more than 200 
lbs. of such roots. For fattening lambs it has required, oh the average, 
145 lbs. of roots to replace 100 lbs. of com silage. 

In addition to the nutrients they furnish, roots and other succulent 
feeds have a beneficial tonic effect upon animals and are highly esteemed 
for keeping breeding cattle and sheep in thrifty condition. Many 
successful stockmen recommend roots for animals being fitted for show 
and for dairy cows crowded to maximum production on official tests. 

In this country the daily allowance of roots per 1,000 lbs. live 
weight is usually 25 to 50 lbs. or less. Throughout Great Britain fat- 
tening cattle and sheep are often fed 100 lbs. of roots, or even more, 
per 1,000 lbs. live weight daily with satisfactory results. Sheep are 
sometimes fattened on concentrates and roots alone but better results 
are secured when some dry roughage is fed. 

Roots are usually chopped or sliced before feeding to avoid any 
danger of stock choking on them, and the grain or concentrate mixture 
is often sprinkled over them. Any undue amount of dirt should be 
removed before the roots are chopped. Cooking or steaming roots or 
tubers, except potatoes for swine, is a waste of labor and money. In 
Canada and England, roots for fattening cattle are often pulped and 
spread in layers some inches thick, alternating with other layers of cut 
or chaffed hay or straw. After being shoveled over, the mass is allowed 
to. stand several hours before feeding, to moisten and soften the chaffed 
straw or hay. In this manner considerable straw may be successfully 
utilized. 

For winter feeding in the northern states roots must be stored in 
well-ventilated pits or cellars, but in mild climates they may remain 
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in the field until fed. In experiments in Ireland, mangels lost about 
27 per cent of their dry matter during 5 months' storage, due to the 
respiration which is continuously taking place.® In West Virginia tests 
mangels and rutabagas stored for 3 months had dried out to such an 
extent that the percentage of dry matter was about one-third greater 
than when harvested, though there had undoubtedly been some loss in 
total amount of dry matter during storage.^ 

The use and value of roots for the various classes of stock are 
discussed in the respective chapters in Part III. 

472. Economy of roots vs. com silage. — To grow, harvest, and 
store an acre of roots costs considerably more than to grow an acre of 
com and ensile it, because root crops require more thorough prepara- 
tion of the soil and far more hand labor in cultivation, harvesting, and 
storage. Moreover, experiments show that where com thrives it has 
"yielded on the average 68 to 92 per cent more dry matter per acre 
than mangels, sugar beets, or ratabagas.® The total yield of such roots 
as mangels or rutabagas may be much larger than that of com forage, 
but these ro6ts contain less than half as much dry matter per ton as 
corn silage furnishes. 

The estimated average yield of com grown for silage in the United 
States was 7.0 tons per acre for the 7-year period, 1927 to 1933.® 
According to the United States Census, the estimated average yields of 
root crops grown for stock feeding were 6.62 tons per acre in 1919 and 
9.73 tons per acre in 1929. The average yield of roots in Canada for 
a 10-year period was 9 tons per acre, and the yield for a 4-year period 
at eight experiment stations in eastern Canada was 19.5 tons per acre 
in comparison with 14.5 tons for corn silage.^ 

The cost of growing and harvesting roots at these Canadian 
stations was estimated under 1927 conditions at $3.22 per ton and 
of growing and ensiling corn at $3.45 per ton. These very low costs 
per ton were made possible only by the high yields per acre. The root 
crops required about twice as many hours of man labor per acre as 
did com. In the extreme northern part of Wisconsin, where only 
very early varieties of com can be grown, the cost for corn silage 
was $5.35 per ton and for ratabagas $4.06 per ton.® 

Due to the low content of dry matter in roots and the high cost 
per acre of growing root crops, in good corn-growing sections com 
silage will furnish dry matter and digestible nutrients at half the cost 
of roots. Under such conditions corn silage is much more economical 
than roots as a succulent feed for dairy cattle, beef cattle, or sheep. 

The relative yields of the various root crops vary widely in differ- 
ent districts, depending on the soil and climate.® Under especially 
favorable conditions as much as 20 to 30 tons per acre, or even more, 
are sometimes produced by mangels, sugar mangels, ratabagas, or tur- 
nips. 

47a. Mangela — ^Mangels, or mangel wurzels (Beta mlgaris, var.), are the most 
watery of roots, containing only 9.4 per cent dry diatter. Yet due to the enormous 
yields — 20 to 30 tons per acre on good soil and under favorable conditions — they 
produce a large amount of dry matter per acre. Because they stand well out of the 
ground, mangels are much more easily harvested than sugar beets, and they also keep 
better in winter storaga than sugar beets, rutabagas, or turnips. They likewise 
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withstand drought and hot weather better than rutabagas or turnips. Mangels should 
not be fed until after they have been stored for a few weeks, as the freshly-harvested 
roots may cause scouring. Half-sugar mangels, which are crosses between sugar beets 
and mangels, are richer in dry matter and sugar than are mangels. 

Mangels are a very satisfactory feed for dairy cows, beef cattle, or sheep, with 
the following exception. It is pointed out in Chapter XXXIII that rams or wethers 
are possibly more apt to be affected with dangerous urinary calculi, or stones, when 
fed mangels or sugar beets for long periods, than on other rations. In feeding dairy 
cows, mangels and sugar beets have an advantage over rutabagas and turnips, because 
there is no danger of tainting the milk. 

474. Sugar beets. — The sugar beet (Beta vulgaris, var.) has been so developed 
for sugar production that some strains now contain 16 per cent or more of cane sugar. 
The yields are smaller than those of mangels, but due to the higher sugar content 
sugar beets generally produce about as much dry matter per acre. However, they 
require more labor in cultivating and harvesting than mangels, as they set deep in 
the ground. They are well liked by stock and are often fed to dairy cows on test. 
As in the case of mangels, it is not wise to feed sugar beets to rams or wethers 
for long periods, on account of the possibility of the formation of urinary calculi, 
or stones. 

The composition and value of beet pulp and beet molasses are discussed in 
Chapter XIX. 

476. Beet tops. — In harvesting sugar beets for sugar production, the crowns 
are cut off, because they contain salts which interfere with the recovery of sugar 
from the juice. When gathered without undue waste, the tops, which include the 
crowns and the leaves, will weigh about one-half as much per acre as the marketed 
beets. The green weight of the tops in proportion to the weight of the beets will, 
however, range all the way from 30 to 70 per cent or even more, depending on the 
percentage of dry matter in the tops and the leafiness of the crop. Often the tops 
are purchased on the basis, not of actual weight of tops, but of the amount of tops 
from each ton of marketed beets. 

To utilize the tops three different methods are followed: Cattle or sheep may 
be turned into the field to graze on them. The tops may be put into small piles 
(the size of an inverted wash tub), allowed to cure out more or less, and then hauled 
to the feeding yards. Sometimes the tops are ensiled. In Europe the tops are some- 
times dried artificially for sale as a stock feed. If a crop is infested with nematodes, 
the tops should be pastured, or ensiled, to avoid spreading infestation. Otherwise, 
grazing the tops is not usually the best practice from the standpoint of securing the 
greatest value. Also, in wet weather the trampling of the stock may injure the 
texture of the soil and make it cloddy. 

Beet tops are decidedly laxative and should therefore be fed in moderation. 
The silage is less laxative than the fresh tops, but it is best not to feed more than 
30 lbs. per head daily to cattle or more than 3 lbs. to sheep.io Beet leaves oontain 
considerable oxalic acid, which is poisonous if animals receive too large amounts. 

The tops may be fed in larger amounts to cattle and sheep in proportion to 
their live weight, than to horses and swine. This is because the fermentations in the 
paunch of ruminants destroy some of the oxalic acid. If it is desired to feed the 
maximum amounts of tops, it is well to add 1 ounce of finely-ground limestone or 
chalk to each ,50 lbs. of tops, as calcium changes the oxalic acid to insoluble calcium 
oxalate. If considerable dirt is adhering to the tops, as much of it as possible should 
be removed before feeding the tops or ensiling them.n Otherwise digestive dis- 
turbances may result. 

Beet tops make satisfactory silage if allowed to dry out somewhat before ensiling 
them, for the fresh tops usually contain too much water. Beet-top silage tends to 
spoil quickly on exposure to the air, especially in warm weather. Running the tops 
through a silage gutter is the most convenient method of elevating them into an 
0]r4insti7 silo, but, when they are put into a trench or pit silo, it is not necessary 
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to cut them. In silos pf the latter types, the tops are often ensiled in alternate 
layers with straw. When this is done, the mass must be packed especially well, 
and the tops ensiled before they dry out. Beet tops make good silage when run 
through a silage cutter with an equal weight of dry corn fodder, enough water being 
added so the mass will pack well. 

When fed with grain and legume or other hay, beet tops and beet-top silage are 
satisfactory for fattening cattle and sheep or lambs, and also for dairy cows.^2 They 
are too laxative to be used as the only roughage. In 15 Nebraska experiments the 
beet tops from each ton of sugar beets saved, on the average, 24 lbs. concentrates 
plus 102 lbs. alfalfa hay in fattening lambs, and slightly more rapid gains were 
secured when beet tops were added to the ration of grain and alfalfa hay.is Similar 
results were secured in Colorado trials.i^ 

In Nebraska experiments beet-top-silage was worth 60 per cent more than the 
tops fed without ensiling.is When the silage was added to the excellent ration of 
corn, cottonseed cake, and alfalfa hay for fattening lambs, the gains were slightly 
increased, and 1 ton of silage saved 83 lbs. of concentrates and 329 lbs. of alfalfa 
hay. In Montana trials beet tops had an even higher value for fattening lambs.i® 

476. Butabagas. — ^The rutabaga, or swede (Btassica campestris), which is grown 
extensively in Great Britain and Canada, ranks next to the mangel in ease of culti- 
vation. Sheep firefer it to all other roots. Rutabagas and turnips do not require 
such fertile soil as mangels, but do best where the climate is cool. In the central 
part of the corn belt and southward much of the growing season is too hot for 
them and they are apt to grow large necks, instead of developing good-sized roots. 
Like other turnips, rutabagas are apt to taint the milk of cows, unless fed only 
immediately after milking. 

477. Tuinips. — Turnips (Brasaioa rapa) are more watery than rutabagas and 
do not keep so well. Hybrid turnips, crosses between the turnip and the rutabaga, 
keep better than ordinary turnips. Maturing early, large yields of turnips are often 
secured without cultivation. Though used mainly for sheep, they can also be fed 
to cattle. 

478k Carrots. — Carrots (Daucus carota) usually yield much less than the root 
crops previously discussed ; they are more particular in their soil and climate require- 
ments; and the cost of growing the crop is higher. They are therefore of little 
importance for stock feeding in this country. 

As horses are especially fond of carrots, the crop is occasionally grown for 
them. Hard-worked or driving horses should not be fed large allowances of carrots, 
and some advise feeding no carrots to brood mares for a few weeks before and after 
they foal. Yellow carrots are an excellent root crop for poultry, as they are rich 
in vitamin A value (carotene). 

479. Parsnlpa. — The parsnip (Pastinaca satvva) is the favorite root crop with 
dairymen on the islands of Jersey and Guernsey. Parsnips contain about as much 
dry matter as sugar beets, but as the yield in this country is relatively low and the 
roots are difficult to harvest, they are rarely grown here for stock feeding. 

480. Potatoes. — In Europe heavy-yielding varieties of large-sized potatoes 
(Solarmm tuberosum) are extensively raised for stock. In the United States other 
crops excel potatoes for feed production, and therefore only cull potatoes are gen- 
erally fed to stock, unless potatoes are unusually low in price. 

Potatoes contain more dry matter than most root crops, having 21.2 per cent.. 
However, they are more watery than many realize, and contain less dry matter 
and total digestible nutrients per 100 lbs. than corn silage. They are rich in starch, 
on the dry basis, but are very low in protein, having the nutritive ratio of 1:14.7. 
Gare should therefore be taken to include plenty of protein-rich feeds in the ration, 
when a heavy allowance of potatoes is fed. Potatoes do not contain any significant 
amounts of vitamins A or D. This lack should be supplied by feeding them with 
well-cured legume hay or good mixed hay. 

Prom the standpoint of total digestible nutrients, it takes about 400 to 450 lbs. 
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of potatoes to equal 100 lbs. of grain, and when potatoes are properly fed, this 
measures their general value for stock. Stated in another way, 100 lbs. of potatoes 
are worth about 22 to 25 per cent as much as 100 lbs. of grain. For swine, potatoes, 
fed after cooking, have a somewhat higher value, as is stated later. 

Potatoes are satisfactory for feeding to dairy cows, beef cattle, sheep, horses, 
and swine in limited amounts as a substitute for grain or other feed. They should 
be cooked for swine, but this it not necessary or profitable for other stock. Potatoes 
should be sliced or chopped before feeding to cattle or sheep, to make them more 
palatable and to avoid choking. Stock should be accustomed to potatoes gradually, 
as they are often not very palatable. Feeding too large amounts of raw potatoes 
may cause scours. 

Unripe potatoes and especially the sprouts of stored potatoes contain small 
amounts of solanin, a poisonous compound. It has, therefore, been advised that in 
feeding badly-sprouted potatoes the sprouts be removed. In trials at the North 
Dakota Station, however, when dairy cows were fed for considerable periods on 
reasonable quantities of sprouted, sunburned, or decomposed potatoes, and even on 
potato sprouts, along with other feeds, there was no injurious effect.^^ However, on 
account of reports of stock being injured by excessive amounts of potatoes, it is 
not wise to let them have access to an unlimited amount of either good or poor- 
quality potatoes. 

For dairy cows potatoes were a good substitute for corn silage in North Dakota 
trials, when fed at the rate of 24 to 40 lbs. per head daily.is However, the potatoes 
were not quite so palatable as the silage and the cows seemed to lose their appetites 
for potatoes after several months. Fed in such quantities, potatoes did not affect 
the flavor of the milk or the odor of the milk or butter, but milk or cream exposed 
to an atmosphere heavy with potato odor readily took it up. Potatoes should there- 
fore be fed immediately after milking and not before. When a large allowance of 
potatoes was fed to cows in Vermont tests, the potatoes were not equal to the same 
weight of dry matter in corn silage, and the butter was soft.i® If potatoes are fed 
in a properly-balanced ration they do not dry up cows, as is sometimes believed. 

Cull potatoes are often fed to fattening lambs in the potato-growing districts 
of the West. In 11 comparisons with fattening lambs the addition of cull potatoes 
to a ration of grain and legume hay, with or without a protein-rich supplement, 
has usually increased slightly the gains of the lambs.20 In these trials one ton of 
potatoes was equal in feeding value, on the average, to 185 lbs. grain plus 12 lbs. 
cottonseed meal and 430 lbs. alfalfa hay. With hay valued at half the price of 
grain per ton, cull potatoes would be worth 21 per cent as much per ton as grain. 

Cull potatoes have been used satisfactorily in place of corn silage for feeding 
fattening beef cattle and beef breeding cows.^i When fed with alfalfa hay they have 
been worth, on the average, about 80 per cent as much per ton as corn silage. When 
fattening steers were fed equal weights of dry matter in potatoes and in rutabagas, 
in a Scotch trial, the gains were a trifle more rapid on the potatoes.22 As potatoes 
contain more than twice as much dry matter as rutabagas, their value per ton was 
correspondingly greater. Potatoes may be fed to horses in amounts up to 15 to 20 
lbs. per head daily, either raw or cooked. 

For swine, potatoes give very good results when used as a partial substitute 
for grain, provided that they are thoroughly cooked, that the ration furnishes suflS- 
cient protein and also protein of good quality, and that it provides enough vitamins 
A and D. In the case of swine not on pasture, care should be taken to use one of 
the efficient protein supplements recommended in Chapter XXXVI for dry-lot feeding. 

For the best results the proportion of potatoes for swine should not be greater 
than 4 lbs. of potatoes to each pound of concentrates. It is best to add salt to the 
water in which the potatoes are cooked, to increase the palatability. The potatoes 
should be cooked thoroughly, and the water in which they are cooked should be 
discarded, as it is not palatable. Baw potatoes generally produce poor results when 
fed to swine .28 
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When cooked potatoes have been fed to pigs as a partial substitute for grain 
in properly-balanced rations, it has required only 351 lbs. of potatoes (weighed 
before cooking) to equal 100 lbs. of grain and other concentrates.^^^ In earlier 
trials, where cooked potatoes were fed in less efficient rations, it required 400 to 
442 lbs. of potatoes to equal 100 lbs. of grain.25 

In Germany potatoes are sometimes dried and fed to stock in the form of 
dried potato flakes. These are nearly equal to grain in value. 

481. Potato silage. — Potato silage may be made by chopping potatoes and 
mixing them with 2 per cent by weight of ground corn to inoculate the mass with 
lactic acid bacteria, so the material will undergo the proper fermentation. (Ground 
corn normally contains an abundance of these bacteria.) 

After dairy cows became used to it, such silage was a satisfactory substitute 
for corn silage in trials by the United States Department of Agriculture.ss It was 
also satisfactory for fattening lambs in a Colorado test .27 However, for pigs potato 
silage was not a satisfactory substitute for cooked potatoes in a trial at the Wis- 
consin Station.28 

Cull potatoes may also be successfully ensiled by mixing them with dry corn or 
sorghum fodder. In Colorado tests satisfactory silage was produced by running a 
mixture of about four-fifths cull potatoes and one-fifth dry corn fodder, by weight, 
through a silage' cutter .29 When fed with alfalfa hay as the roughage for fattening 
cattle, such potato-corn fodder silage was worth nearly as much as corn silage. 

482. Sweet potatoes. — Sweet potatoes (Ipomea batatas) are a south- 
ern crop that may be grown as far north as New Jersey and Illinois. 
Like potatoes, the crop is generally grown in this country for human 
food and not primarily for stock feeding. However, several million 
bushels of cull or unmarketable sweet potatoes are available each year 
for feeding in the South, and they can usually be utilized best for 
swine. They may also be :^d to cattle or sheep or substituted for half 
the grain in the rations of work horses or mules. 

In case there is a surplus of sweet potatoes, swine can be used to 
harvest some of the crop, thus saving the cost of digging. Swine can 
also be used to clean up sweet potato fields after the potatoes are dug 
for market. Marketable potatoes, after they are dug, are almost always 
worth more for sale than for stock feeding. 

Since the cost per acre of growing sweet potatoes is considerably 
greater than that of corn, the latter crop commonly furnishes cheaper 
feed for stock, except possibly on soil that is very poor and sandy. The 
average yield for the 10-year period, 1925-34, was 89.0 bushels per acre, 
and it requires 4 to 5 bushels of sweet potatoes to equal 1 bushel of 
com in feeding value. 

Sweet potatoes are high in dry matter for a root crop, averaging 
31 per cent, and are rich in starch, but they are extremely low in 
protein, having the unusually wide nutritive ratio of 1 :33.4. They are 
also low in calcium and phosphorus. In feeding swine on sweet pota- 
toes it is therefore important to furnish sufficient high-quality protein 
supplement and also to provide the lacking minerals. 

When pigs are grazed on sweet potatoes or are fed the harvested 
tubers, the best results are secured when they are fed one-third to 
one-half the usual grain allowance, in addition to protein and mineral 
supplements. Only good-sized pigs or older hogs should be grazed on 
the crop, as sweet potatoes are too bulky for small pigs. Sweet potatoes 




Sttgar Beets in a Western Irrigated District 
While but rehitivc'ly few aenvs of sugar beets are grown for stock feeding in this 
country, tlie raising of sugar beets for the beet sugar factories is an imm)rtant in- 
dustry in certain sections, especially in some of the irrigated districts of the West. 
(From U. S. Reclamation IService.) 



Rape Excels as an Annual Forage Crop in the North 
A t small expense rape furnishes excellent forage for sheep, swine, or cattle from 
early summer to late fall . 





Singeing Prickly Pear with a Gasoline Torch 
After the spines have been singed off cattle can feed on prickly pear without 
harm. Another method is to cut the cacti and run them thru machines which chop 
them, rendering the spines comparatively harmless. (From U. S. Department of 
Agriculture.) 





ROOTS, TUBERS, AND MISCELLANEOUS FORAGES 315 


produce hard pork, but pigs heavily fed on the crop tend to be paunchy 
and have a low dressing percentage. 

In extensive Louisiana tests it required 4.3 lbs. of sweet potatoes 
to equal 1 lb. of grain and other concentrates, when sweet potatoes were 
fed in dry lot; and 4.9 lbs. of the potatoes (but not including the vines 
eaten) to equal 1 lb. of com when the crop was hogged-down.®® The 
value was much lower when proper supplements were not provided. 
Similar results have been secured in other trials.®^ 

Since sweet potatoes supply about one-third as much total digestible 
nutrients as corn, these values are somewhat lower than would be 
expected from the chemical composition. 

483. JeruBalem artichoke. — The tubers of this hardy perennial (Helianthua 
tuherosus) are sometimes grown for human food or for feeding livestock. They 
resemble the potato in composition, except that the chief carbohydrate is inulin, 
instead of starch. This crop has often been recommended enthusiastically for 
livestock, but has not proved to be as economical or useful as more common crops. 
For this reason they have never been used to any appreciable extent for stock feeding 
in this country. In various tests the yield of tubers has ranged from 6 to 15 tons 
per acre, or even more. 

The forage may be cut and used for silage or as a green soiling crop, yielding 
from 5 to 9 tons of green fodder per acre, but the yield of tubers is greatly reduced 
by cutting the tops at the silage stage.32 in an Illinois test artichoke silage was 
not very satisfactory for beef cattle.^s It is apparent that artichokes do not com- 
pare favorably with corn and other common silage crops. 

The tubers are difficult to harvest and do not keep well in storage. They live 
over winter in the ground, and, even when they are dug in the fall, enough are usually 
left to make the next crop. Due to this, the plant may sometimes become a weed. 
Pigs may be turned in to harvest the tubers, but should be fed grain in addition, as 
they will make but little gain on the artichokes alone. For swine feeding, artichokes 
have proven less valuable than corn grown for hogging down, or than other forage 

crops.34 

484. Chufa. — The chufa sedge (Cy perns esculentus), frequently a weed in damp 
fields on southern farms, produces small, chaffy tubers, that remain in the ground 
uninjured over winter. In. certain sections of the South chufas are often used for 
fattening swine, which are turned in to harvest the crop.35 

Chufas grow best on sandy soils, yielding from 100 to 150 bushels of 44 lbs. each 
per acre. As they are very low in protein, they should be supplemented by protein- 
rich feeds. Good crops of chufas have produced 307 to 592 lbs. of pork per acre, 
after making allowance for the other feed consumed by the pigs. However, they 
produce a soft carcass which can be hardened only by prolonged feeding of other 
such feeds as corn. 

485. Cassava . — Cassava (Manihot utilissima), a bushy plant from 4 to 10 feet 
high with fleshy roots like those of the sweet potato, grows in Florida and along 
the Gulf Coast. Some tropical varieties contain much prussic acid and must be 
heated or dried before feeding to drive off this poison. The varieties grown in this 
country are not poisonous. 

From 5 to 6 tons of roots, containing 25 to 30 per cent of starch, are produced 
per acre. They are used for the manufacture of starch or for feeding cattle and 
swine. However, the culture of cassava in the United States has declined, due to 
the fact that other crops give larger yields of feed at less expense. In experiments 
at the Hawaii Station when cassava roots supplied half the dry matter for dairy cows 
and pigs, scours resulted. When cassava formed not over one-third the dry matter 
in the ration of pigs, satisfactory results were secured.*® 

The value of dried cassava meal, or manihot meal, the by-product from cassava- 
starch factories, is discussed in Chapter XIX. 
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II. M1SCELI.ANEOUS Succulent Feeds 

486. Rape. — Dwarf Essex rape (Brassica napus), a member of the 
turnip and cabbage family, is widely grown throughout the United 
States as a temporary pasture crop or as a soiling crop. It stores its 
nutrients in the numerous leaves and stems. Bird-seed rape is worth- 
less for forage. While rape may be used as a soiling crop, it is best 
to let stock graze the crop. The plants should never be graced so closely 
that only the bare stalks remain, or the yield of new leaves will be 
greatly reduced. Rape is not satisfactory for silage. 

The seed, which is inexpensive, may be sown from early spring 
to August in the North and even later in the South, either broadcast 
or in rows and cultivated. It may also be sown in com previous to 
the last cultivation. In 6 to 12 weeks after seeding, the crop is large 
enough for use. As it endures rather severe frosts, rape is excellent 
for late autumn feed. Rape requires a rich soil and plenty of moisture, 
and does not thrive on poor sandy land. In Ontario, Canada, an aver- 
age yield of 19.2 tons per acre of rape forage was secured on test plots 
. over a period of -15 years.®^ 

Rape is chiefly used as a pasture crop for swine and sheep and 
ranks high for this purpose, as is pointed out in Chapters XXXVI 
and XXXIII. It is also satisfactory for cattle, but dairy cows should 
be fed rape or grazed on the crop only immediately after milking, to 
avoid tainting the milk. Access to clover or bluegrass pasture when 
on rape is advantageous for cattle and sheep, as it reduces the danger 
from bloat. Animals on rape should be freely supplied with salt, as 
this tends to check any undue laxative effect. Sometimes stock must 
be accustomed to rape, but later they become fond of it. 

A large-growing variety of rape, called ‘‘giant rape,^^ or “broad- 
leaved rape,’’ is often grown in Great Britain but is not common in 
the United States. In New York tests this variety furnished slightly 
more grazing for sheep than Dwarf Essex rape.®® 

487. Cabbage. — On rich ground cabbage (Brassica oleracea) gives as large re- 
turns of palatable forage as do root crops^ but because more labor is required in its 
cultivation, it is but little grown for stock feeding. Cabbage is prized by shepherds 
when preparing stock for exhibition, and is also used for feeding milk cows. Like 
other plants of the mustard family, it should be fed after milking, to avoid tainting 
the milk. When cabbage is raised for market, the small heads and the leaves may 
be fed to stock unless the leaves carry too much poisonous spray residue. 

488. KohlrabL — Kohlrabi (Brassica caulorapa), another member of the cabbage 
family, can be grown wherever rutabagas thrive. Under favorable conditions for 
rutabagas, kohlrabi yields less, but in hot weather it does better than rutabagas. 
Since the thickened, turnip-like stems stand well above the ground, the crop is readily 
pastured by sheep, which also relish the leaves. Kohlrabi apparently does not taint 
the milk when fed to dairy cows. 

489. ICale; marrow-stem kale. — Kale (Brassica oleracea, var. acephala), a cab- 
bage-like plant that does not form heads, is grown extensively for stock feeding in 
this country only in the northern Pacific-coast district. A large-growing variety, 
^^thousand-headed kale,” is there considered the best fall and winter soiling crop for 
dairy cows and is also used for sheep and swine. In that district kale will usually 
remain g^een most qf the winter. 

The average yield of kale in tests in the Willamette valley, Oregon, was 18.1 
tons per acre, Costing $3.78 per ton, in comparison with 5.7 tons per acre for corn 
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silage, costing $7.40 per ton.ao For dairy cows 131 lbs. of kale equalled 100 lbs. of 
corn silage in Oregon tests, and on the acre basis 1 acre of kale was worth 2 acres 
of corn silage.40 Kale, like others of the mustard family, should be fed after 
milking to avoid tainting the milk. 

Marrow-stem kale, a kind with enlarged, fleshy stems, is used to some extent in 
England as a soiling crop, especially for sheep. 

490. Sunflowers as a forage crop. — Where the season is too short 

and cool for corn, Mammoth Russian sunflowers (Helianthus annus) are 
sometimes used for silage and to feed as a green soiling crop. Sun- 
flowers are not affected by cool weather or injured by light frosts so 
much as is corn. They will therefore produce a good crop under condi- 
tions where com would be a failure. The crop is used chiefly for silage, 
but it also makes a satisfactory soiling crop for late summer and fall 
feeding. 

In such districts as the higher-altitude areas of the Mountain States 
and the most northern parts of the United States, sunflowers will com- 
monly produce twice as much forage per acre as com. Even in good 
com areas, the yields of green forage and of dry matter per acre may 
be higher from sunflowers, returns of 15 to 20 tons of green forage 
per acre not being rare. 

However, sunflowers cannot be recommended in place of corn for 
silage where the latter thrives, for the silage is decidedly less palatable 
and usually considerably lower in feeding value than com silage. Aver- 
age sunflower silage supplies only 12.6 lbs. total digestible nutrients 
per 100 lbs., in comparison with 18.7 lbs. for well-matured corn silage 
and 13.3 lbs. for silage from immature com, such as is often produced 
where the growing season is very short. 

When stock are accustomed to good com silage, it is sometimes 
difficult to get them to take sunflower silage, but they can usually be 
induced to eat it, if it is mixed with more palatable feed. Sunflower 
silage is sometimes rather constipating and had best be fed with laxative 
feeds, such as legume hay. 

For dairy cows* good sunflower silage has usually been worth de- 
cidedly less per ton than good com silage or sorghum silage, and it has 
been more similar in value to silage from oats-and-peas or oats-vetch- 
and-peas.*^ 

Similar results have usually been secured in the experiments in 
which sunflower silage has been fed to beef cattle.**^ The value of 
sunflower silage has been especially low per ton in comparison with that 
of well-matured corn silage, in tests where pigs have followed the cattle 
to utilize the unmasticated com kernels in the manure. For sheep sun- 
flower silage has also generally been much inferior in value per ton to 
good corn or sorghum silage, or even to that from peas-and-oats or peas- 
and-barley.**^ For the various classes of stock sunflower silage is there- 
fore worth decidedly less per ton than good com or sorghum silage. 

Sunflowers are sometimes grown in combination with com for silage, 
with the hope of securing a larger yield or a surer crop than from com 
alone, and obtaining a more palatable silage than from sunflowers alone. 
This practice seems of rather doubtful value. If a large enough pro- 
portion of sunflowers is planted to increase the yield materially, the 
com plants will be shaded so that the proportion of com fodder will 
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be insignificant. It would probably be better to grow the two crops 
separately and mix them when ensiled.** 

Recommendations concerning the best stage to harvest sunflowers 
for silage vary considerably, ranging all the way from the one-sixth- 
bloom stage to the dough stage. Most of those who have experimented 
with the crop prefer to ensile the crop by the time half to two-thirds 
of the heads are in bloom. When too immature, the plants are so watery 
that much juice runs out of the silo. If the harvesting is delayed too 
long, the bottom leaves dry up and are lost, and the stems become so 
woody that the silage is not palatable. 

Occasionally sunflower silage will not keep properly, because too 
little fermentable sugar is present to form sufficient acid to prevent 
undesirable changes. For example, sunflowers did not make good silage 
at the Huntley, Montana, Experiment Farm unless molasses, com forage, 
or sugar beets were added to supply more sugar.*® 

Sunflower silage is much heavier per cubic foot than corn or 
sorghum silage, weighing from 1.5 to 3.0 times as much as corn silage.*® 
A silo musrt therefore be strongly built to resist the pressure. 

491. Pumpkins, squashes, and melons. — The pumpJcin (Curcuhito pepo) is often 
planted in cornfields and the fruits used as a relish for horses, cattle, and pigs. 
Pumpkins contain only 10.4 per cent dry matter and their feeding value per ton is 
therefore low. One ton of pumpkins, including seeds, equals in feeding value for 
dairy cows about 333 to 400 lbs. mixed hay or 800 lbs. corn silage.47 

In early experiments summarized by Kommel, pigs required 376 lbs. of pumpkins 
plus 273 lbs. of grain for 100 lbs. gain.^s In a Washington experiment well-grown 
pigs fed pumpkins alone gained only 0.55 lb. a head daily and required 5,719 lbs. 
pumpkins per 100 lbs. gain.49 In two experiments pigs fed grain and pumpkins 
gained 1.38 lbs. daily, on the average, and required 400 lbs. grain and 1,396 lbs. 
pumpkins per 100 lbs. gain. 

From these trials we may conclude that it would take 10 tons or over of pump- 
kins to equal 1 ton of grain for pigs. Cooking pumpkins for swine is not beneficial. 
There is a common opinion that pumpkin seeds are harmful to stock, but this is not 
true.50 Feeding the seeds alone, however, is apt to cause indigestion on account of 
the high fat content. * 

In Colorado hogs have been fattened exclusively on raw squashes (Cucurhita, 
spp.). The meat had a good flavor, but the fat had an undesirable yellow color.si 

Melons, especially pie melons, or citrons, are occasionally fed to stock.52 

492. Apples and other fruito. — Windfall and surplus apples and other fruit 
can Sometimes be fed advantageously to stock. Apples, peaches, plums, and even 
pears contain somewhat more dry matter than do such roots as mangels and ruta- 
bagas. The chief nutrients are sugars, and fruits are extremely low in protein. 

In Vermont tests it was concluded that apples were worth about 40 per cent 
as much per ton as corn silage for dairy cows.ss in a Washington test in which 
1.5 lbs. per head daily of apples were fed to fattening lambs, along with alfalfa hay 
and corn grain, as good results were secured as when the same weight of corn silage 
was fed in place of the apples.B4 When a larger allowance of apples was fed, the 
results were less satisfactory. When apples were used to replace part of the grain 
for pigs in Utah trials, it required 9 to 15 lbs. of apples to equal 1 lb. of grain.ss 
In an Arizona test lambs fed ripe olives and alfalfa hay made satisfactory gains.®® 

The value and use of dried apple pomace, wet apple pomace, apple pomace 
silage, and other fruit by-products are discussed in Chapter XIX. 

49S, Spurrey. — Spurrey (Spergula saiiva), which requires a cool, moist growing 
season, i» sometimes used as a catch crop for feeding green to stock on sandy land 
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in northern Europe. It has proved of little value in this country, not being adapted 
to our hot summers. 

494. Prickly comfrey. — Prickly eomfrey (Symphytum osperrimum), which is 
occasionally exploited by advertisers, is inferior to' the standard forage plants. 
When carefully cultivated, it gives fair yields of forage which is at first not relished 
by cattle. 

496. Tree leaves and twigs. — The leaves and small branches of trees are 
sometimes fed to farm animals in certain countries when better feed is scarce. In 
some of the mountain range areas of this country the leaves and twigs of shrubs 
form no small part of the forage eaten by stock. 

Tree leaves are more digestible than twigs, and the better kinds compare 
favorably with ordinary hay in feeding value. Leaves of the ash, birch, linden, and 
elder are valued in the order given. They are eaten with relish, especially by goats 
and sheep. These statements apply only to leaves gathered at the right stage and 
cured like hay. Leaves which turn brown and drop from the trees in autumn are 
worthless for feeding farm animals. Brush feed, consisting of ground and crushed 
twigs, stems, and leaves, has occasionally been used in certain mixed feeds as an 
absorbent for molasses. 

496. Hydrolyzed straw; hydrolyzed sawdust. — In numerous German experi- 
ments it was found some years ago that the digestibility and nutritive value of straw 
could be increased considerably by heating it under pressure with dilute alkali or 
dilute acid. The cost of such treatment is so high, however, that the method is not 
of practical value except when there is an extreme shortage of feed for stock. 

By heating sawdust with dilute acid under pressure, the digestibility can likewise 
be increased. In the process a portion of the crude fiber is converted into more 
soluble compounds, including certain sugars. Cattle will not usually eat the hytlro- 
lyzed sawdust unless mixed with well-liked feeds. However, dairy cows have been 
successfully fed concentrate mixtures containing one-quarter to one-third of the 
hydrolyzed sawdust. When thus used the feeding value of hydrolyzed sawdust made 
from either pine or fir has differed greatly in the limited tests made with it.57 The 
value has ranged from only one-fourteenth as much as grain to about one-half as 
much as grain. Due to the expense of producing the hydrolyzed sawdust, the method 
would be of practical importance only during a prolonged period of serious feed 
shortage. 

III. Plants of the Arid Districts 

497. Sagebrush^ saltbush, and the greasewoods. — Many species of sagebrush 
(Artemesia, spp.), saltbush (Atriplex, spp.), and greasewood (Sarcobatus, spp.) 
flourish in the arid portions of the West where drought, alkali, and common salt 
make conditions unfavorable for most of the ordinary forage crops. On many 
ranges they furnish much of the feed consumed by stock.ss The Australian saltbush, 
introduced into certain sections of the West, has proved of much less value than 
was first expected. It is less drought resistant than the native saltbushes and is 
rather unpalatable on account of its high salt content. Its chief value, where it 
thrives, is to furnish green feed late in summer when most other plants have become 
entirely dry. It makes a fair soiling crop but has little value for hay.5» 

498. Yucca and sotol. — It has been found that various species of yucca (Yucca, 
spp.), including soapweed and the Spanish bayonet, and also sotol (Dasylirion, spp.), 
a near relative of the yuccas, furnish valuable emergency feed for range cattle in 
the Southwest. Usually the dry leaves are first burned off and then the plants are 
cut with an axe and hauled to a central location. Here they are finely chopped or 
shredded by special machines and fed to the cattle. The prepared forage may also 
be ensiled. The compact heads of sotol are used similarly. Cattle may be main- 
tained on either of these emergency feeds alone through long droughts when they 
would otherwise starve.®® 

499. Busslan thistle. — ^The Russian thistle (SaXsola IcaU, var. tragus), now grow- 
ing over great areas of the western plains, is used to seme extent for pasture, hay. 
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or silage, especially in times of drought.^! The mature plants are woody and 
loaded with alkali. Bussian thistles should be cut when in bloom, before the spines 
form and harden and the stems become too harsh and prickly. The hay is often 
very laxative. If the plants are too mature when cut for hay, the hay should be 
sprinkled with water several hours before feeding, so that the spines will soften. 
Bussian thistles may also be ensiled. If too immature, they should be allowed to 
wilt somewhat, before putting them in the silo. 

600. Oactl — ^During periods of drought the cacti, especially prickly pears 
(Opuniia, spp.) are a boon to stockmen on the southwestern ranges .02 Because of 
their peculiar structure and habits, cacti can survive long droughts, though they 
make little growth at such times. The prickly pear cacti, which grow wild on the 
ranges, may be fed where they stand by first singeing off the spines with a gasoline 
torch, or they may be gathered and run through machines which chop them in 
such a manner that the spines are comparatively* harmless. Cacti grow but slowly 
on the range, and can usually be harvested but once in 5 years, even under favorable 
conditions. 

Prickly pear cacti contain about 16.6 per cent dry matter, being less watery 
than roots, and cane cacti (Cholla spp.) contain somewhat more dry matter. Since 
they are lo^r in protein, all the cacti should be fed with a protein-rich concentrate 
or roughage.*' Cacj;i alone will not maintain stock. Though desert cattle sometimes 
subsist on them for three months of the year, they become very emaciated. Fed in 
large amounts with no dry feed, cacti tend to produce scours. 

Spineless cacti, long known but sometimes exploited as a novelty, have only 
limited usefulness for stock feeding, both because they do not survive where the 
temperature falls below 20 degrees F. and because on the open range cattle will 
graze and destroy them.®3 Moreover, they must be enclosed by rabbit-proof fences. 

The chief importance of cacti is undoubtedly to furnish emergency forage for 
stock in the semi-arid regions in case of drought, for these plants are able to utilize 
most eflSciently small and irregular supplies of moisture. For this purpose planta- 
tions of the spiny cacti may be established on the open range, where they will be 
able to grow and hold their own until drawn upon in time of serious drought, for 
cattle will not graze them when other feed is reasonably abundant. 

IV. Poisonous Plants and Poisonous Feeds 

Any detailed discussion of poisonous plants and other poisonous feeds is outside 
the scope of this volume, and only the briefest mention can be made of some of the 
most important facts concerning them. One in trouble should consult a competent 
veterinarian or his state agricultural college or experiment station. 

601. Prussic acid, or hydrocyanic acid, poisoning. — It is well known that some 
plants may, under certain conditions, cause the death of stock from prussic acid, or 
hydrocyanic acid, poisoning.64 Of the several species of plants which may cause 
such poisoning the most important are chokecherry, black cherry, the sorghums, 
Johnson grass, arrow grass, velvet grass, Christmasberry, and Sudan grass. 

When the plants are poisonous, the poison is usually not present in appreciable 
amounts as free prussic acid, but in the form of complex compounds, called glucosides. 
These must be broken down and the free prussic acid liberated before poisoning 
occurs. However, the glucosides are readily broken down by an enzyme usually 
present in the plant. The poison may be set free in the digestive tract of an animal 
eating the dangerous plants, and it may also be set free in the plants on wilting or 
being bruised. Cattle and sheep may be affected by the poison, but horses and 
swine are apparently not injured, or only very rarely. 

The poisonous property usually develops in dangerous amounts only when the 
normal growth of the plants is checked or stopped by drought, frost, trampling, 
mowing, or wilting. Young plants may contain much more of the poison than when 
growth is wen advanced. It is therefore not advisable to pasture cattle or sheep 
on young or second*groWth sorghum. 
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Plants on poor soil contain less prussic acid than those on rich soil, especially 
that high in nitrogen^ Cases of poisoning by the sorghums have been largely con- 
fined to the western plains states, which are especially subject to protracted droughts. 
In the South but few cases have been reported. When sorghum or other forage is 
thoroughly cured as hay or dry fodder, the poisonous property is usually destroyed, 
and silage is ordinarily safe. Sudan grass is much less apt to cause poisoning than 
the sorghums and is therefore safer to use for pasture or for a soiling crop. 

Stock affected by the poison often die in a few minutes after eating only a 
small amount of the dangerous forage, perhaps only a few mouthfuls. Therefore 
there is usually no time for treatment. In pasturing sorghums the only safe way is 
to turn an animal of little value into the field first. If no poisonous effects are 
observed, the rest of the stock may then be allowed to graze the crop. 

Glucose in the paunch checks the rate of formation of the prussic acid, and 
it has been found that it is wise to give cattle or sheep a starchy feed, such as 
corn or the grain sorghums, before allowing them to graze on or in the vicinity 
of plants that may be dangerous. The starch in the grain forms glucose in the 
digestive tract and thus aids in preventing trouble. It has recently been found by 
the United States Department of Agriculture that combination injections of solu- 
tions of sodium nitrite and sodium thiosulfate will save the lives of many animals, 
if administered in time.®* 

602w Ergot. — The seeds of rye and many grasses are sometimes attacked by a 
fungus which produces enlarged black, sooty masses, known as ergot. Occasionally 
rye grain containing ergot, or hay or straw bearing the fungus, injures stock which 
are continuously fed thereon. The poor results often secured when rye grain forms 
a large part of the ration for pigs may be due in some degree to ergot present in 
the grain. Animals showing symptoms of this trouble should have their feed 
changed to remove the cause, and be warmly housed and liberally supplied with 
nourishing food. 

603. Scabbed barley. — Sometimes barley is seriously affected by the fungus 
which causes scabbed kernels. Experiments have shown that such scabbed barley 
has no injurious effect on cattle, sheep, or poultry, and it gives approximately the 
same results as normal barley.®® On the other hand, horses refuse barley that is very 
scabby. Pigs also will not eat much badly scabbed grain and are made sick if more 
than about 10 per cent of the ration consists of scabbed barley kernels. 

504. Smut on com and other grain. — Corn forage or corn ears affected by smut 
are apparently harmless to stock, though animals may possibly bo injured if fed large 
amounts of smut separated from such corn.®7 There is no need of removing the 
masses of smut from corn forage as it is being fed or ensiled or of removing smut 
from dry fodder. Grain sorghum smuts are also not injurious to stock,®8 and wheat 
damaged by stinking smut did not injure poultry in a Maryland test.®® 

605. Spoiled or moldy feed; forage poisoning; botulism. — Many cases have 
been reported in which the death of stock, especially horses, has apparently been 
caused by the eating of spoiled feed. From time to time serious losses of livestock 
have occurred, especially in the Mississippi valley, from so-called ‘"forage poisoning” 
or “blind staggers.” Such trouble occurs most frequently in animals fed spoiled 
corn forage or corn si!age. For example, many horses were killed in the fall of 
1934 in some sections of the corn belt, apparently from eating spoiled ear corn or 
corn forage. 

With the exception of deaths from botulism and from the sweet-clover disease, 
which is discussed in Chapter XIII, but few of the cases have been conclusively 
proved to have been caused by the feed. However, it seems probable that such 
trouble may be caused by spoiled feed, just as food which has spoiled may cause 
the poisoning of humans. 

The common molds are not poisonous in themselves, and moldy feed may not 
be at all injurious to stock.^o However, the presence of mold indicates that other 
changes may have taken place which may produce poisons, as in the case of damaged 
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sweet clover hay or silage. Horses are most susceptible to injury from spoiled feed, 
and sheep are also affected more often than cattle. Therefore great care should 
be taken not to feed spoiled silage or other feed to these two classes of stock. Hay 
which is slightly moldy (except sweet clover) is not ordinarily dangerous, however, 
though it tends to cause trouble from heaves in horses. 

Cattle are rarely affected by feed that is slightly moldy or spoiled, and usually 
they may be fed silage with traces of mold without danger. Any large masses of 
spoiled silage should be discarded, and should be placed where horses or sheep cannot 
eat it. Swine are not usually affected by moderately moldy feed, though they are 
injured by scabbed barley, as has been pointed out previously in this chapter. Also, 
the feeding of damaged corn to young pigs caused inflammation of the vulva and 
vagina in young pigs in Illinois experiments.n 

It has been proved by Graham and associates that some cases of forage poison- 
ing are caused by feed contaminated with the bacteria which cause botulism in 
humans (Clostridium hotulinum) He isolated these bacteria from samples of 
spoiled silage, corn fodder, oat hay, wheat bran, wheat screenings, rice meal, and 
oats which had poisoned stock. While the dangerous feed is often spoiled or moldy, 
in some cases it is wholesome in appearance. Animals on pasture which have been 
forced to drink stagnant surface water have been affected with forage poisoning, 
doubtless due to the water having passed through moldy vegetation. Suspected 
samples of feed should never be tasted by persons, as mere traces of the poison may 
prove fatal. 

In cases of suspected botulism or other forage poisoning the feed should be 
changed and a competent veterinarian consulted. The use of antitoxin is beneficial 
in cases that are not too far advanced. 

606. Varioua poisonous plants. — A considerable list of plants are definitely 
poisonous to stock, and particularly on the western ranges serious losses of stock 
sometimes occur from poisoning. Some plants are dangerous only at certain stages 
of growth, and some affect one class of stock but not others. 

Stock seldom eat poisonous plants by choice,, but only when induced or com- 
pelled by the scarcity of other feed.73 When the grazing is short, animals should 
therefore be kept away from spots definitely known to be infested with such plants. 
In moving herds or flocks on the range special precautions should be taken when 
it is necessary to pass over a trail that has been used by many others, for all good 
feed will have been consumed, and the stock will eat whatever is left. 

Among the plants that may cause serious trouble on the western ranges are 
larkspurs, loco weeds, lupines (from the time the pods appear), death camas, bitter- 
weed, greasewood (early in spring), certain milk weeds, water hemlock (tubers and 
young shoots), woody aster, and some vetches. 

It has been found that certain shale soils in an area of considerable size, located 
in South Dakota, Montana, and Wyoming, contain appreciable amounts of selenium 
and other rare mineral elements which are poisonous to animals. Some plants, 
including woody aster, certain vetches, and NuttalFs saltbush, accumulate in 
their tissues the selenium and perhaps other toxic minerals, and are poisonous 
only when growing on these soils. When these plants die and decay, other plants, 
even the grasses or cultivated crops, may take up these poisonous minerals and become 
toxic. The poisoning known as “alkali disease, or “blind staggers,” in certain 
northern range areas may be largely due to this cause. A method of treatment has 
recently been developed by the Wyoming Station.^* 

Other important plants which may cause poisoning are the common brake fern 
or brac^n, mountain and sheep laurel, certain nightshades, cocklebur (young plants 
before the leaves are developed, and also the seeds), corn cockle, and potato tops. 
White snakeroot and rayless goldenrod not only cause a poisoning of stock, called 
' “trembles,” but also the milk produced by affected animals may cause the same 
poisoning in humans or suckling animals. 

Mustard seed and rape seed contain glucosides that may produce poisonous 
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volatile oils when the seed is eaten. Therefore these seeds may be dangerous and 
also mustard-seed or rape-seed oil cake from which the dangerous property has not 
been removed. Castor beans and castor-bean oil meal are also dangerous to stock. 


QUESTIONS 

1. Why are roots unimportant for stock feeding in the United States? Under what 

special conditions may the use of roots for feeding be advisable in this country? 

2. Discuss the composition and feeding value of roots. 

3. Compare the economy of roots and corn silage for stock feeding. 

4. State which of the following are of importance for stock feeding in your district 

and tell how the crop is used: (a) Mangels; (b) sugar beets; (c) sugar beet 
tops; (d) rutabagas; (e) turnips; (f) carrots; (g) parsnips. 

5. Discuss the composition and the use of potatoes for stock feeding. 

6. Discuss the value and use for stock feeding of any of the following that may 

be of importance in your section: (a) Sweet potatoes; (b) Jerusalem arti- 
chokes; (c) chufas; (d) cassava; (e) cabbage; (f) kohlrabi; (g) kale; 
(h) pumpkins, squashes, or melons; (i) waste fruit. 

7. State the characteristics of rape and discuss its use in stock feeding. 

8. Under what conditions might you use sunflowers as a silage crop? 

9. If the following are of importance in your section, tell how they may be used 

in stock feeding: (a) Sagebrush, saltbush, and the greasewoods; (b) yucca 
and sotol; (c) Russian thistle; (d) cacti. 

10. Tell the main facts concerning the following: (a) Prussic acid poisoning of 

stock; (b) ergot; (c) scabbed barley; (d) smut on grain; (e) spoiled or 

moldy feed; (f) l3otulism. 

11. What general precautions should be taken to avoid injury to stock from poisonous 

plants ? 
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CHAPTER XVII 

THE CEREALS AND THEIR BY-PRODUCTS 

I. The Characteristics of the Cereals as Stock Feeds 

507. Importance of the cereal grains in stock feeding. — In the 

previous chapters emphasis has been placed on the basic importance 
for livestock of good roughage, including pasture, hay, dry fodder, and 
silage. However, farm animals cannot usually produce milk, meat, or 
labor efficiently unless they are provided with concentrates in addition 
to high-quality roughage. This is because forage alone is too low in 
digestible nutrients and net energy to meet the needs of stock fed for 
large production. 

To secure ^ profitable yield of milk from dairy cows it is generally 
necessary to furnish them a liberal supply of concentrates in addition 
to a bountiful amount of good roughage. Likewise, in order to produce 
the quality of meat desired by consumers, fattening cattle and lambs 
must usually receive considerable quantities of rich concentrates. Horses 
or mules cannot perform much work on roughage alone, even if it is 
of excellent quality. Swine and poultry must be fed chiefly on con- 
centrates, because their digestive systems can make only limited use 
of forage. 

The cereal grains and their by-products form by far the greater 
part of all the concentrates used for livestock in this country. Indeed, 
over much of the United States all classes of stock are frequently fed 
only farm-raised roughage and cereal grains, with the relatively small 
amounts of protein supplements in addition that may be needed to 
balance their rations. The by-products obtained in the milling of the 
cereals for human use are also among the most important stock feeds. 

The cereals and their by-products therefore merit first considera- 
tion among all the concentrates. 

608. Nutritive characteristics of the cereals. — The cereal grains 
are all rich in starch and either low or relatively low in fiber. They 
therefore rank high in content of total digestible nutrients and net 
energy. In addition, the cereals as a class are highly palatable to stock, 
a factor that is of much importance with animals being fed for produc- 
tion. Rye is the only one of the common cereals that is sometimes not 
well liked by farm animals. 

Corn and wheat lead in amount of total digestible nutrients and 
net energy, being closely followed by the grain sorghums, and by rye 
and barley. Oats, with their thick hulls, are higher in fiber and there- 
fore lower in digestible nutrients. This bulkiness gives oats especial 
usefulness for horses, but makes this grain less valuable in general for 
meat production. 

Com and rice are low in protein, and the other cereals are relatively 
low in this nutrient. In addition to this lack in amount of protein, 
the proteins furnished by all the cereal grains are unbalanced in com- 
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position. In other words, the proteins contain but small amounts of 
certain of the essential amino acids. Therefore the grains do not pro- 
duce efficient results in stock feeding unless this lack is corrected by 
proteins from other sources. (148) 

It is fortunate indeed that for those classes of stock which can 
consume considerable roughage, legume hay can fully make good this 
deficiency in the quality of the cereal proteins. (164) In feeding swine 
and poultry, however, it is necessary to supplement the grains with 
concentrates that furnish high-quality protein, such as animal by-prod- 
ucts, soybean oil meal, or peanut oil meal. 

The cereals are not rich in phosphorus, but are slightly higher in 
this mineral nutrient than are all the common hay crops, including 
both the legumes and grasses. Com and the grain sorghums are lower 
in phosphorus than oats, wheat, barley, or rye. Certain of the cereal 
by-products, especially wheat bran* and wheat middlings, are rich in 
phosphorus. On the other hand, corn gluten meal and brewers^ grains 
do not contain much more phosphorus than the grains themselves. (160) 

All the cereals are very low in calcium, and this fact must be 
borne in mind in livestock feeding. (161) Com is especially deficient 
in this respect. 

None of the cereals contains an appreciable amount of vitamin D. 
(192) With the exception of yellow corn, none of the cereals supplies 
any significant amount of vitamin A. (188) The cereals are rich in 
vitamins B and E, but have little vitamin G. However, these vitamins, 
as has been stated previously, are not usually deficient in the rations 
commonly fed farm animals, except that poultry rations may often lack 
vitamm G. (196-200) 

It is very fortunate that the deficiencies of the cereal grains in 
amount and quality of protein, in calcium, and in vitamins A and D 
are all corrected by well-cured legume hay or by pasture rich in leg- 
umes. Therefore, except for a possible lack of phosphorus where the 
soil is deficient in phosphorus, excellent rations for dairy cattle, beef 
cattle, and sheep are provided by home-grown cereal grain and legume 
roughage. 

II. Indian Corn and Its By-products 

609. Importance of Indian com for grain. — The prime importance 
of Indian com (Zea mays), or maize, as a grain crop in the United 
States is shown by the fact that in acreage, in total yield, and in value, 
it far exceeds any other cereal. This is because corn surpasses all the 
other cereals in yield of both grain and forage, wherever it thrives. 

During the ten-year period, 1924-1933, the average acreage of com 
grown for all purposes in this country was 101,564,000 acres, and the 
average yield was 25.2 bushels per acre. The total value of the corn 
crop for this period averaged $1,686,976,000. Of the entire crop. 84 
per cent was harvested for grain. (The data for 1934 are not included 
in the average yields given in this chapter for corn and the other 
cereals, because the yields for that year were exceptionally low because 
of the severe and unusual drought over wide areas. As a result of the 
drought, the average yield of corn, for example, was only 15.8 bushels 
per acre for the entire country.) 
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The general requirements for the growth of com and its use and 
value as a forage crop have already been discussed in Chapter XIV. 

610. Composition and nutritive value of corn. — The corn grain is 
particularly rich in starch, containing about 70 per cent of nitrogen- 
free extract, nearly all of which is starch. Com is also higher than 
any of the other cereals except oats in fat, having about 4 per cent of 
this energy-rich nutrient. It contains only 2.3 per cent fiber and it is 
highly digestible. Because of these facts, corn ranks high in content 
of total digestible nutrients and net energy, being equalled only by 
wheat among the cereals. 

Being so rich in starch, corn is naturally low in protein. Moreover, 
as has been shown previously, the protein in corn is unbalanced in 
composition. (142) The chief protein, called zein, entirely lacks two 
of the amino acids which are necessary for animal life. Corn is also 
unusually low in mineral matter, especially calcium*: Indeed, com has 
but 0.01 per cent of calcium. This means that there is only 0.2 lb. of 
calcium in an entire ton of the grain. Corn is also lower in phosphorus 
than oats'* wheat, barley, or rye, having only 0.28 per cent phosphorus. 

In the development of the present high-yielding varieties of corn, there has 
apparently been an appreciable lowering of the fat sontent, a slight lowering of 
the protein, and slight increases in starch and fiber. For example, in the com- 
pilation, made \inder the supervision of the author, of analyses of American feeding 
stuffs reported previous to 1915, well-dried dent corn had the following average 
composition: Protein, 10.1 per cent; fat, 5.0 per cent; fiber, 2.0 per cent; and 
nitrogen-free extract, 70.9 per cent. (See the fifteenth to nineteenth editions of 
Feeds and Feeding.) On the other hand, the average of recent analyses, given in 
Appendix Table I of this volume, shows the following averages: Protein, 9.7 per cent; 
fat, 4.0 per cent; fiber, 2.3 per cent; and nitrogen-free extract 71.1 per cent. 

Plant breeders have developed by long-continued selection strains of corn in 
■which the grain is much higher than normal in protein or fat.i However, these 
strains are not yet of practical importance, because the yields are very low. 

611, Yellow corn rich in vitamin A. — ^Yellow varieties of corn and 
varieties with yellow endosperm (the inner starchy part of the kernel) 
are good sources of vitamin A.^ On the other hand, white com or other 
com with white endosperm has practically no vitamin A. Experiments 
have shown that the vitamin content of red varieties or varieties with 
hulls of other colors will depend entirely on whether the endosperm is 
yellow or white. The deeper the shade of yellow, the greater will be 
the amount of vitamin. The gluten from yellow com is considerably 
richer than the rest of the kernel in the vitamin. Therefore corn gluten 
feed and gluten meal from yellow corn are good sources of vitamin A. 

The vitamin A value of yellow com is due to small amounts of 
carotene and a closely-related compound. (187) Though yellow corn is 
a good source of vitamin A, it contains considerably less per pound of 
dry matter than do green plants or even green-colored hay, as has been 
shpwn in Chapter VI. 

Yellow com or com with yellow endosperm is much more valuable 
than white com for continuous feeding to animals not otherwise re- 
ceiving sufficient vitamin A. On the other hand, white corn is equal 
to yeUow com for all stock on green, actively-growing ^ pasture, and 
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also for dairy cattle, beef cattle, horses, or sheep that are fed a reason- 
able amount of well-cured hay. For pigs or poultry that do not get 
plenty of fresh green forage, the difference in vitamin A value of yellow 
and white corn may make all the difference between profit and disaster. 
Therefore, if they are fed white com, care should be taken to provide 
green-colored legume hay or some other source of the vitamin. ( 188 ) 

Previous to the discovery in 1920 that yellow com has a high vita- 
min A value, only about one-half of the corn sold under Federal 
inspection on the large markets of this country was yellow.^^ The 
remainder was either white com or mixed corn. In 1933-34 80 per 
cent of the com on these markets was yellow, and only 14 per cent 
white and 6 per cent mixed. 

Like the other cereals, both white and yellow com lack vitamin D. 

612. Com as a feed. — Corn grain is one of the best feeds for all 
classes of stock, when it is so fed as to take advantage of its great 
virtues and to correct its deficiencies. On account of the importance 
of com in animal husbandry, its use for each class of stock and the 
best form in which to feed the grain are discussed in considerable detail 
in Part III. 

Com is one of the most widely-used concentrates for dairy cattle, 
and it is the chief basis for the production of pork, beef, and mutton 
over much of the United States. It is also satisfactory for work horses 
and mules when fed in suitable rations. Corn is probably the most 
palatable of the cereals to farm animals. A possible explanation for 
this is the high fat content, and the fact that on mastication the kernels 
break into nutty particles which are more palatable than meal from 
wheat, for example. 

As is pointed out in later chapters, ear com, shelled com, ground 
com, and corn-and-cob meal (ground corn and cob) are all used for 
stock feeding. The relative value of the various forms of com for any 
class of stock depends primarily on how thoroughly they chew their 
grain. When corn is ground for stock, medium-fine grinding is much 
preferable to fine grinding, for such ground com is more palatable, and 
also much less labor and power are required for the grinding. It is 
pointed out later in this chapter that ground corn keeps much more 
poorly in storage than shelled com or ear corn. 

Seventy pounds of dry dent ear com of good varieties yield 1 
bushel, or 56 lbs., of shelled com, but in early fall buyers frequently 
demand 75 to 80 lbs. or more, according to the estimated water content. 
Flint varieties have a somewhat smaller shelling percentage th^ dent 
com. 

There are three important types of corn— -dent, flint, and sweet. 
In dent corn the starch is partly hornlike and partly floury, rendering 
the kernel easy of mastication. In flint corn the starch is mostly horn- 
like and flinty, making the kernel harder for the animal to crush. There 
is but little difference in the composition of dent and flint com. They 
also have the same feeding value, except that there may be somewhat 
more advantage in grinding flint com for stock than in the case of 
dent com. 

In sweet corn the starch is hornlike and tough. Before hardening, 
the milky kernels of this race carry much glucose, which is changed to 
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starch as they mature into the shrunken grain. Sweet corn has some- 
what more protein, much more fat, and correspondingly less carbohy- 
drates than the other races. The grain is rarely fed to stock. 

613. Com-and-cob meal; corn cobs. — Corn-and-cob meal is the 
usual term for ground ear corn, including the cobs. Sometimes this is 
called ear corn chops. When the entire com ears in the husks, or 
shucks, are ground, the product is called ear corn chops with husks. 
Because of the rubber-like consistency of corn cobs, more power is re-' 
quired to grind ear corn to corn-and-cob meal than to grind shelled 
com. Also, if the cob particles are not reasonably fine, often stock will 
not eat them. 

Corn cobs have 32 per cent fiber and furnish but little more 
digestible nutrients than oat straw. Therefore any benefit from includ- 
ing the cobs in grinding is not due chiefly to the nutrients they furnish, 
but to the fact that they make the meal more bulky. This causes it to 
lie loosely in the stomach, thus sometimes aiding in digestion. 

If the cost of grinding ear corn to corn-and-cob meal is no more, 
or not appreciably more, than shelling the corn and grinding the shelled 
corn, the use of com-and-cob meal may be economical for dairy cows. 
It is much less commonly fed to horses, beef cattle, or sheep, and it is 
not as satisfactory as other forms of corn for swine. Manifestly, it is 
not economical to buy corn cobs in low-grade mixed feeds at a price 
that would buy good grain. 

614. Storage and shrinkage of com. — When husked in the fall, 
well-matured ear com should not contain more than 20 to 25 per cent 
of water. This is about the upper limit of moisture for safe storage 
in the usual types of corn cribs. Corn that is not thoroughly ripe may 
contain 35 per cent of moisture or more. Twisting the ears will indi- 
cate approximately the moisture content. Loose-grained, “sappy*’ ears 
carry too much moisture to be stored safely in cribs without special 
ventilation. 

Shelled com may spoil when stored, if it contains more than about 
14 to 15 per cent water. In cool weather it can usually be shipped 
without great risk of heating when it contains 16 to 18 per cent mois- 
ture, but such com cannot be stored safely in elevators.® 

Ground corn is especially apt to mold or turn rancid in storage 
and should not be stored for any considerable period if it contains more 
th^n about 12 per cent water.* Even then it may gradually become 
sour, because of rancidity of the oil in the germs and also the develop- 
ment of acid-producing bacteria. On the farm shelled corn should 
therefore not be ground a long period in advance of use. 

As ear com dries out the weight shrinks, due chiefly to the evap- 
oration of water, but also due in small part to the slow respiration of 
the grain, in which some of the nutrients are oxidized. The rate of 
shrinkage depends not only on the dryness of the corn when husked, 
but also on the humidity of the air. When the water content of the 
com falls to 12 per cent, shrinkage practically ceases. 

Com is stored mostly on the husked ear in the North, but in the 
South the husks are left on to protect the ears from weevils. As com 
keeps better in the ear than when shelled, it should be held in this 
form as long as possible. 






Ears of Different Types of Corn 

From left to right: Pod corn, a primitive type; soft corn, an unimproved type 
having no horny starch; pop corn; sweet corn; flint corn; dent corn. (From Wiscon- 
sin Station.) 



Profitable Crops Can Be Expected Only From Well-bred Seed 

By skillful and patient work plant breeders have developed high yielding pedigree 
varieties of grains particularly adapted to various sections. The view shows the 
grain-breeding plots at the Wisconsin Station. 


THE CEREALS AND THEIR BY-PRODUCTS 331 

616. Grades of shelled corn. — The Federal corn grades, by which 
shelled corn is sold on the large markets, are based on the percentage 
of water and also on the percentage of unsound kernels and foreign 
material. It is obvious that the value per ton of com for any purpose 
will depend, first of all, on the water content. Therefore in Appendix 
Table I separate averages are given for com of the various grades. 

According to the Federal grades, the percentage of water in corn 
must not exceed 14 per cent for Number 1 ; 15.5 per cent for Number 2 ; 
17.5 per cent for Number 3 ; 20.0 per cent for Number 4 ; and 23.0 per 
cent for Number 5. Corn containing more than 23 per cent water, or 
which does not come up to the standards in other respects, must be 
sold as ‘‘Sample grade.’’ 

616. Soft com. — When corn is frosted before the grain matures, 
the ears contain too much water for .storage in ordinary cribs. Such 
soft corn can best be utilized for stock feeding. The entire crop may 
be ensiled; it may be put in small, well-built shocks in the field until 
it is fed ; or silage may be made from the snapped ear corn.® Soft corn 
should be used up during the cold weather, as it will spoil when the 
weather becomes warm. If soft corn is cribbed, the cribs must be 
ventilated by special devices, or it will not keep. Some sprinkle 0.5 
to 1.0 lb. of salt over each 100 lbs. of ear corn, but the value of this 
practice may be doubtful. 

Snapped ear com makes very satisfactory silage which may be 
fed as a substitute for other forms of com grain, especially to fattening 
cattle or sheep. The snapped corn must be chopped finely by running 
it through a silage cutter and should be tramped well in the silo. If 
the corn is past the milk stage, it is well to add approximately 40 
gallons of water to each ton of ears. When the ears are in the milk, 
it will not be necessary to add water. Chopped straw or com stover, 
well wet down, should be used to cover the ear corn at the top of the 
silo, to prevent the waste of the more valuable feed. 

Soft corn, if not moldy, may be fed to all classes of stock. Moldy 
com is especially dangerous to horses and sheep, but does not usually 
injure cattle. Swine can generally be allowed to eat all they want. 
As is shown in Part III, soft com and soft-ear-corn silage have given 
satisfactory results in fattening cattle, and soft corn is also efficiently 
used by pigs. Each 100 lbs. of dry matter in the grain of soft corn 
are nearly equal in feeding value to the same weight of dry matter in 
sound corn. 

517. Gomposition of the corn kernel. — Before discussing the value 
of the various corn by-products resulting from the manufacture of 
human food, it will be helpful to consider the composition of the dif- 
ferent parts of the corn kernel.® The fiinty, or horny endosperm (or 
horny starch) at the sides and back of the kernel of dent corn forms 
nearly half the total weight. About 88 per cent of this portion is starch, 
with but 10 per cent protein, less than 1 per cent fiber, and but a trace 
of fat and minerals. The floury endosperm (or floury starch) at the tip 
of the kernel and partially surrounding the germ forms about one-fourth 
of the kernel. It is even higher in starch than the flinty endosperm, 
but carries only 7.8 per cent protein. 

The hulls and tip caps, which make up 7 per cent of the kernel, 
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are also composed largely of carbohydrates, though containing less 
starch and about 15 pfer cent fiber. The hornlike gluten layer (8 per 
cent of the kernel), just under the hull, contains about 22 per cent 
protein; and the germ (12 per cent of the kernel) carries nearly as 
much protein and about 35 per cent fat or oil. 

618. Ground com; com meal; com chop; corn feed meal. — In 
this book the term ground corn is commonly used for the entire ground 
com grain from which the hulls or germs have not been removed. 
Ground com is also called corn meal (feeding) and corn chop. Espe- 
cially for poultry feeds, the fine siftings are often removed from cracked 
com or coarsely-ground com and the product is then called screened 
ground corn or screened cracked corn. The fine siftings that are re- 
moved, with or without the light fragments of the hulls, etc., are known 
as corn feed meal. This has about the same composition and feeding 
value as ground com, except that it is slightly higher in fat, but also 
higher in fiber. 

In the usual method of manufacturing corn meal for human use, 
and also iii making hominy and hominy grits, the kiln-dried corn is 
first cleaned and tempered with a slight amount of water. In the 
milling process the germs and hulls are removed from the com meal, 
along with fine siftings from the endosperm, or starchy portion, of the 
kernels. The corn meal thus produced has a more attractive appearance 
than the entire ground grain and also keeps much better in storage. 
However, it contains less protein and fat and therefore is of slightly 
lower value for stock feeding. Sometimes degermed cracked corn is 
used for poultry feed. This is much lower in vitamin B than ground 
corn. 

The by-product obtained in the manufacture of corn meal by this 
degerming process, and also in the manufacture of hominy and hominy 
grits, is hominy feed. Hominy grits or corn grits consist of the fine or 
medium-sized, hard, flinty portions of com grain, containing little or 
none of the bran or germ. 

519. Hominy feed, hominy meal, or hominy chop. — These terms 
are all applied to the mixture of com bran, corn germ (with or without 
the extraction of part of the oil), and a part of the starchy portion 
of the corn kernels, which is obtained in the manufacture of com meal, 
hominy grits, and hominy by the degerming process. Hominy feed 
has 6.9 per cent fat, on the average, and should not contain less than 
5 per cent fat. If the fat content is lower than this, it means that 
most of the oil has been removed from the germs, or that a considerable 
portion of the germs, after the extraction of oil, has been marketed 
separately as com germ meal or cake. 

Hominy feed resembles ground com in composition, but it is usu- 
ally slightly higher in protein and also it contains more fiber and 
therefore is somewhat more bulky. Unless part of the fat has been 
extracted from the germs, it will be considerably richer than corn in 
fat and will furnish slightly more digestible nutrients than well-dried 
com. 

Since hominy feed is kiln-dried, it is almost invariably sweet and 
it keeps better in storage than ground com. In general, it is about 
equal to ground com in feeding value for the various classes of stock. 
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as is pointed out in Part III. Since it is a bulkier feed than ground 
< 5 om, it is preferred by many for dairy cows. 

620. Corn bran. — Corn bran is the outer coating of the com 
kernels, including the hull and the tip cap, with little or none of the 
starchy part of the germ. Very little corn bran now comes upon the 
market as such, but it is usually mixed with other by-products. Com 
bran does not resemble wheat bran in composition, for it does not con- 
tain appreciably more protein than corn grain. It has nearly as much 
fiber as oats and furnishes slightly more total digestible nutrients. 

521. Starch and glucose by-products. — In the manufacture of 
commercial starch and glucose from corn by the so-called ‘‘wet-milling 
process,’’ the grain is cleaned and then softened by soaking in warm 
water, slightly acidified with sulfurous acid. Next the com kernels 
are torn apart in special mills, so as to liberate the germs. The material 
is then mixed with water and passed into tanks. Here the germs, which 
are lighter on account of the large amount of oil they carry, rise to 
the surface and are removed. After washing, the residue is finely 
ground, and the coarser part (the bran) separated by bolting cloth 
sieves. 

The remainder, called “starch liquor,” contains the starch, the 
gluten, and very fine particles of fiber. The starch is separated by 
either one of two processes. In a process which has recently been de- 
veloped, the starch liquor is passed through centrifugal separators, 
somewhat like the cream separators used for milk. These machines 
separate the starch very completely from the gluten. 

In the older process the starch liquor is passed slowly over starch 
tables. These are long, shallow, slightly-inclined troughs in which the 
starch settles like wet lime, while the gluten, being lighter, is carried 
off in the current of water. The gluten is then removed from the water 
by filter presses and dried. The starch is dried for sale as starch or is 
treated with weakly-acidulated water under pressure to convert the 
starch into sugar, in making corn syrup and similar products. The 
steep water in which the com is soaked is usually evaporated to recover 
the soluble nutrients removed from the grain in the soaking process. 
This residue is called “corn solubles.” 

In this process the following by-products are thus obtained: (1) 
The germs, from which most of the oil is later expressed; (2) the bran; 
(3) the gluten; and*(4) the corn solubles. 

The com bran is not usually marketed as such, but goes into the 
gluten feed, as mentioned later. The com solubles may go into the 
gluten feed or may be used for other purposes, as in the production 
of yeast. 

522. Corn oil meal; com oil cake. — After the germs are dried, 
they are crushed, cooked, and ran through oil expellers which express 
most of the oil or fat. The com oil is used for the production of refined 
oil for human food and for technical purposes. The corn oil meal which 
remains is sold as such, or it goes into corn gluten feed, or sometimes 
into gluten meal, when there is a better market for these products than 
for the com oil meal. Formerly hydraulic presses were used to express 
the oil, and corn oil cake was produced, which was ground later. Some- 
times the oil is removed by the solvent process. 
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Com oil meal is slightly lower in protein than com gluten feed. 
Unless the oil is removed by the solvent process, it will be considerably 
higher in fat than gluten feed, and it will furnish slightly more total 
digestible nutrients. The protein is also of somewhat better quality 
than the protein of corn gluten feed or com gluten meal. Most of the 
com oil meal that is marketed separately is used for feeding swine or 
poultry, being especially popular as an ingredient in mixtures for the 
commercial fattening of poultry, on account of its high water-absorbing 
capacity. However, it is also satisfactory as a part of the concentrate 
mixture for dairy cattle, beef cattle, sheep, and horses. 

523. Corn gluten feed. — Corn gluten feed, usually called simply 
gluten feed,’^ consists of com gluten meal and com bran, and also 
may contain more or less of the com solubles. In addition, it sometimes 
includes part of the com oil meal. Some manufacturers standardize 
the protein content of corn gluten feed at 25 per cent or at some other 
percentage, and then sell separately the corn gluten meal in excess of 
the amount needed to produce the standardized com gluten feed. Others 
include all thfe gluten meal in their gluten feed, which may therefore 
have a higher protein content than the standardized product. 

Gluten feed of average composition contains 26.4 per cent protein, 
7.1 per cent fiber, 48.4 per cent nitrogen-free extract, and 2.5 per cent 
fat. It supplies about three-fourths as much digestible protein as lin- 
seed meal, and is about equal to linseed meal, cottonseed meal, and 
barley in content of total digestible nutrients. 

The amount of phosphorus in com gluten feed will depend on 
whether or not the corn solubles have been included in it. The average 
phosphorus content is 0.55 per cent, but it will be considerably lower 
if none of the com solubles are present, and somewhat higher if the 
gluten feed contains all the com solubles. Due largely to lime used in 
neutralizing the com solubles, gluten feed usually contains much more 
calcium than com or the other grains. 

The total amount of mineral matter averages about 6 per cent, 
but shows considerable variation in various lots, ranging from 4 per 
cent to 7 per cent or more. 

Most of the com used in the wet-milling process is yellow corn. 
Since the gluten of yellow corn is richer than other parts in vitamin A, 
gluten feed therefore usually contains consideral^ more of this vitamin 
than yellow corn. The color of the gluten feea will indicate whether 
yellow or white com has been used chiefly in its production. 

On account of the importance of gluten feed, its use for the various 
classes of stock is discussed in detail in later chapters. It is chiefly 
fed to dairy cattle and is one of the most common protein supplements 
in rations for dairy cows. It gives excellent results when properly 
combined, as it usually is, with other feeds that supply proteins which 
make good the deficiencies of those in corn. It should not be fed as 
the only protein supplement when there is little or no legume roughage 
in the ration. ; 

Gluten feed is not quite so palatable as corn, oats, wheat bran, etc. 
It should therefore usually be mixed with such well-liked feeds as these. 
However, stock soon get used to its taste, and when gluten feed is cheap 
in price it has even been fed with satisfactory results to dairy cows as 
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the only or the chief concentrate. Judging from the very limited data 
available, in the case of fattening cattle or sheep it is best to use gluten 
feed in combination with other protein supplements. It is not com-^ 
monly fed to horses or swine, but may be an economical feed for them 
when cheap in price, if it is fed in proper combination. 

624. Corn gluten meal. — Corn gluten meal, often called merely 
^‘gluten meal,’’ consists chiefly of the com gluten separated in the 
wet-milling process of starch manufacture, with little or practically 
none of the hull fragments. It may or may not include corn solubles 
and may perhaps occasionally contain some of the com oil meal. 

Gluten meal usually has more than 40 per cent protein, averaging 
42.9 per cent. It commonly contains less fat than corn grain and is 
low in fiber. Gluten meal supplies as much digestible protein as 43-per- 
cent-protein cottonseed meal and is slightly higher in total digestible 
nutrients than cottonseed meal. 

When made chiefly from yellow corn, as is generally the case, gluten 
meal is even richer than gluten feed in vitamin A, but it is much lower 
in calcium and phosphorus. 

Just as in the case of gluten feed, gluten meal should be used with 
other feeds that make good the deficiencies in quality of the com 
proteins. When thus fed, it is an excellent high-protein concentrate, 
being especially popular in dairy rations. Gluten meal is also a satis- 
factory protein supplement for beef cattle or sheep when fed in com- 
bination with such supplements as linseed meal, cottonseed meal, soybean 
oil meal, or soybeans, or with legume hay. It is a heavy feed and is 
not especially palatable. It should therefore be mixed with better-liked 
feeds, just as in the case of gluten feed. 

626. Corn germ meal; com germ cake. — These by-products are 
sometimes produced in the dry milling of corn for corn meal, hominy 
grits, etc. They are similar to corn oil meal in composition and feeding 
value, but are slightly lower in protein and higher in nitrogen-free ex- 
tract, because in this process the germs cannot be separated as com- 
pletely from the starchy part of the kernels. 

III. Oats and Their By-products 

626. Importance of oats. — Oats (Avena sativa) rank third in acre- 
age among the cereals in the United States and are next in importance 
to corn for livestock feeding. In the 10-year period, 1924-1933 inclu- 
sive, an average of 40,528,000 acres of oats were grown for grain in 
this country, with a yield per acre of 29.2 bushels of 32 lbs. each. 
About three-fourths of the acreage of oats is in the North Central 
States, but oats are an important grain crop in nearly all the states. 
They are not commonly grown so far north or at such high altitudes 
as barley, and they do not endure drought so well. On the other hand, 
oats yield better than barley on poor soil. 

In the South about one-half the acreage of oats is seeded in the 
fall, and this practice is also common in some localities of the Pacific 
Coast region. Winter oats are less hardy than rye or wheat, and the 
yield of grain is reduced much more by pasturing the crop. 

From the South Atlantic Sta^tes west to the Mississippi River, the 
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greater proportion of the oat crop is fed unthreshed to stock. A con- 
siderable part of the oats in New England, Missouri, and Arkansa s is 
also fed in this form. The use of unthreshed or sheaf oats has already 
been discussed in Chapter XV. 

Where barley thrives, oats are frequently grown in combination 
with it for stock feeding, the mixture often producing a greater weight 
of grain than either crop alone. 

627. Composition and nutritive value. — Oats contain nearly as 
much protein as does wheat, averaging 12.0 per cent for all sections of 
the country except the Pacific Coast States. There oats average only 
9.0 per cent in protein content. Oats contain even more fat than does 
corn, averaging 4.7 per cent. Due to their hulls, they have 10.6 per 
cent .fiber and supply only 71.5 lbs. total digestible nutrients per 100 
lbs., in comparison with more than 80 lbs. for com or wheat that is 
well dried. 

Oats have the same nutritional deficiencies as the other cereals, 
which have been pointed out at the begiiming of this chapter.’’ The 
proteins are not pf high quality but contain low amounts of certain 
of the essential amino acids. Oats also lack vitamin D, like all cereals, 
and contain but little vitamin A, like white com. 

The percentage of fiber in oats and the weight per bushel vary 
considerably, depending on the proportion of hull to meat. On the 
average, oats contain about 30 per cent hulls, and the usual weight 
per bushel of high-quality oats is 32 lbs. or more. Light-weight oats 
with poorly-developed kernels may be over one-half hulls, while there 
may be only 24 per cent of hulls in very plump, heavy oats. Oats that 
are high in hulls are obviously low in digestible nutrients and therefore 
inferior in feeding value. The Red Rust Proof oats and certain other 
varieties grown extensively in the South and on the Pacific Coast have 
heavy, coarse hulls and also the kernels bear awns. This causes the 
weight per bushel to be low. 

Clipped oats have been run through an oat clipper, which clips off 
the pointed ends of the hulls, thereby increasing the weight per bushel 
and lowering the fiber content. 

Bleached oats have been bleached by the use of sulfur or other 
chemicals to whiten the grain and improve the appearance. This of 
course does not increase their feeding value and may even be dele- 
terious.* 

HvU-less oats, varieties from which the hulls are removed from the 
kernels by the threshing process, are grown but little in this country, 
as the ordinary sorts with hulls yield much more. Hull-less oats are 
similar to wheat in fiber content. 

628. Oats as a feed. — ^Because of the importance of oats for all 
classes of stock, their use and value are discussed in Part III under 
each kind of livestock. Due to the hulls, oats are the safest of all 
common grains for horse feeding, and hence are widely used for this 
purpose. They are also one of the most popular dairy feeds, but often 
other grains supply digestible nutrients more cheaply. Oats are useful, 
because of their bulk, in starting fattening cattle or sheep on feed, but 
more concentrated grain is usually substituted for all or most of the 
oats as fattening progresses. Oats are highly esteemed as part of the 
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concentrates for ewes, young lambs, brood sows, and young pigs. They 
are too bulky to serve well as the chief grain for fattening pigs. 

Oats should be ground for swine and for cattle, except calves up 
to 6 to 8 months of age. For feeding pigs and young calves, oats are 
sometimes run through a hulling machine, which grinds the grain and 
removes most of the hulls. 

529. Oatmeal manufacture and by-products. — In the manufacture 
of oatmeal the light-weight oats and foreign material are first removed 
from high-grade oats. The oats are then dried in large heated pans 
with constant stirring, to make the hulls brittle, so they can be removed 
more readily from the kernels, or groats. Next, after the oats are 
graded according to size, the hulls are removed in hulling machines, 
which also polish the groats. In this process the fuzzy material cover- 
ing the kernels (called oat shorts or oat dust) is removed and also 
fragments from the groats themselves (these fragments being called oat 
middlings). The oat groats are then steamed to make them less brittle, 
and finally rolled, cut, or ground to make rolled oats, cut oats, or 
oatmeal. 

Usually the entire mill-run of oat hulls, oat middlings, and oat 
shorts is combined and sold as oat mill feed, which is often called simply 
oat feed. Sometimes a higher grade of oat mill feed is sold, which 
contains a larger proportion of the oat middlings and oat shorts, and 
less of the hulls. The remainder of the hulls are then sold as oat hulls 
for litter for poultry or for feed, or they are used for fuel or for the 
manufacture of the chemical called furfural. Molasses is added to some 
of the oat mill feed to make sugared or sweetened oat mill feed. 

530. Oat miU feed. — Oat mill feed, or oat feed, as it is often 
called, usually contains 5 to 6 per cent protein, 27 to 30 per cent fiber, 
and about 2 per cent fat. Approximately 80 per cent of it is oat hulls 
and 20 per cent consists of the more valuable oat middlings and oat 
shorts. The higher-grade oat mill feed, mentioned previously, usually 
has 11 to 14 per cent protein and not over 20 per cent fiber. 

Oat mill feed of the common grade is similar in composition to 
grass hay, having about the same amounts of protein and fiber as 
average timothy hay and slightly less fat. It furnishes somewhat less 
digestible nutrients than such hay, but it has about equalled hay of 
this kind, pound for pound, in feeding experiments. Oat mill feed is 
generally finely ground. 

Extensive experiments have been conducted by the Wisconsin Sta- 
tion to determine the value of ordinary oat mill feed for the various 
classes of stock.® In these trials, which have covered more than 8 
years, thousands of animals’ have been fed experimentally in order to 
secure conclusive results. These experiments show that oat mill feed is 
palatable to stock and that it is not only a satisfactory substitute for 
hay, but that it can also be successfully used to replace part of the 
grain. 

Since oat mill feed is high in fiber and relatively low in digestible 
nutrients and net energy, it obviously will not have nearly so high a 
feeding value per ton as grain. Also, because it is lower than grain 
in protein, it is necessary to include a larger amount of protein supple- 
ments in the ration when oat mill feed is fed as a grain substitute. 
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In these experiments fattening cattle and lambs made good gains 
when oat mill feed formed not over 30 per cent of the concentrate 
mixture. Taking into consideration the greater amount of protein sup- 
plement required, the oat mill feed was actually worth about one-half 
as much per ton as corn or hominy feed. In trials with dairy cows oat 
mill feed was worth about 70 per cent as much as wheat bran, when 
forming not more than 25 per cent of the concentrate mixture. 

Even though oat mill feed is high in fiber, the gains of pigs were 
not decreased when as much as 16 per cent was included in the excellent 
ration of ground com or hominy feed, supplemented by tankage, linseed 
meal, and alfalfa meal. Thus fed, the oat mill feed was worth about 
one-half as much per ton as corn or hominy feed. 

Oat mill feed was successfully used in the Wisconsin trials as a 
substitute for one-half or for all of the timothy hay in feeding work 
horses for periods of some months. In one test 1,650-lb. horses at light 
to medium work were even successfully fed nothing but oat mill feed, 
salt, and water for extended periods, the horses consuming 40 to 45 
lbs. of the‘'fee4 a day.^° In feeding fattening cattle and sheep it was 
also a satisfactory substitute for part of the hay. As is pointed out 
in Part III, oat mill feed is useful to mix with corn or other grain in 
self-feeding fattening lambs. 

In the Wisconsin investigations and in Massachusetts and South 
Dakota experiments oat mill feed was satisfactory as a substitute for 
timothy or other grass hay for dairy cows.^^ In the Wisconsin and 
South Dakota tests com silage was fed in addition, and in the Massa- 
chusetts test the oat mill feed was substituted for not more than 40 
per cent of the hay. Used in this manner oat mill feed was about 
equal in value per ton to ordinary grass hay. In Michigan tests 25 
per cent of either oat mill feed or finely-chopped oat straw was included 
in the concentrate mixture for dairy cows which were fed in addition 
alfalfa hay and com silage or beet pulp.^^ Thus fed, oat mill feed did 
not produce appreciably better results than the chopped straw. 

In using oat mill feed as a hay substitute, at least for other stock 
than mature work horses or mules, care should be taken to include in 
the ration a sufficient amount of protein supplements, and enough 
high-quality legume hay or mixed hay or else good silage to furnish 
plenty of vitamin A and vitamin D. Also, it may be advisable to add 
a calcium supplement, unless the ration contains considerable legume 
hay. 

631. Oat hulls; clipped oat by-product. — Oat hulls, from which 
most of the oat middlings and oat shorts have been removed, are 
obviously higher in fiber and lower in protein and nitrogen-free extract 
than is oat mill feed. Oat hulls have 30 per cent or more of fiber and 
only 3 to 4 per cent of protein. They furnish only 38.3 lbs. total 
digestible nutrients per 100 lbs., in comparison with 44.1 lbs. for oat 
straw. Judging from the analyses reported by feed inspection officials, 
oat*hulls are sometimes improperly sold under the names of oat mill 
feed or oat feed. 

Clipped oat by-product (often called “oat clippings’^) is the by- 
product obtained in the manufacture of clipped oats. It may contain, 
according to the definition of the Association of American Feed Control 
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Officials, the light chafify material broken from the ends of the hulls, 
and also empty hulls, light immature oats, and dust.^^ It must not 
contain an excessive amount of hulls. This by-product usually contains 
8 per cent or more of protein and 24 to 28 per cent of fiber. It is 
therefore worth somewhat more than oat mill feed of the usual grade. 
Clipped oat by-product is chiefly used as an ingredient in certain mixed 
feeds. 

632. Oat meal; hulled oats. — The oat groats, with hulls removed, 
are highly nutritious, as they have less fiber than corn grain, contain 
even more fat, and carry 16 to 17 per cent protein. Therefore oat meal 
and also ground oats with most of the hulls sifted out have a high value 
for such stock as young pigs or calves, though often rather high in 
price. 

533. Sprouted oats. — For a time, sprouted oats were used to a considerable 
extent in the winter feeding of poultry to furnish a green and succulent feed. With 
the recent advances in the knowledge concerning the importance of vitamins and 
other factors in poultry nutrition, efficient rations have been developed that have 
made the labor and expense of sprouting oats unnecessary. Therefore the practice 
has been largely discontinued. 

Certain instances have been reported by the Bureau of Dairy Industry of the 
United States Department of Agriculture in which it was thought that the feeding 
of sprouted oats aided in overcoming sterility in dairy cows and heifers that had 
failed to conceive from repeated services.i^ The results in the few other studies 
that have been reported on this question have differed widely and no definite conclu- 
sions concerning the effectiveness of the remedy seem warranted as yet.^''* 

534. Corn-and-oat feed. — This feed, variously called corn-and-oat 
feed, com-and-oat chop, ground corn and oats, ground feed, and proven- 
der, is extensively used in the eastern and southern states for feeding 
dairy cows and especially horses. In composition it ranges from a 
mixture of various proportions of good-grade com and oats to one con- 
taining a large proportion of low-grade materials, such as oat hulls, 
ground corn cobs, and other refuse. 

The best guide to the purity of this feed is the fiber content. As 
com contains only 2.3 per cent fiber and oats 10.6 per cent, when ground 
corn and oats contains over 7 to 8 per cent fiber, it has either been 
adulterated or was made from poor quality oats. Where more than 9 
per cent fiber is present, the feed is definitely of low grade. Corn-and- 
oat feed should be purchased only on guarantee and from reliable 
dealers. 


IV. Wheat and Its By-products 

635. Importance of wheat. — Wheat (Triticum sativum) is second 
only to com in importance as a cereal in the United States, an average 
of 56,835,000 acres having been grown in the 10-year period, 1924-1933 
inclusive, with a yield of 14.1 bushels of 60 lbs. each. The farm value 
of the wheat crop of the country averaged $745,000,000 during this 
period. 

Most of the wheat in the United States is raised for the manufac- 
ture of flour or other human foods, and under usual conditions rela- 
tively little is fed to stock. In practically every section of the United 
States grain for stock feeding is provided at lower cost by some other 
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cereal — com, oats, barley, or the grain sorghums, as the case may be. 
However, wheat is satisfactory for all classes of farm animals when 
properly fed, and it has been extensively used for stock feeding when 
unusually low' in price. Also, for livestock low-grade wheat that is not 
suitable for milling is often nearly equal in feeding value to grain of 
high milling quality. 

Thoilgh wheat itself is not commonly fed to farm animals in this 
country, the wheat bran and middlings secured in milling wheat for 
flour are by far our most important by-product stock feeds. The out- 
standing importance of these wheat mill feeds in this country is shown 
by the fact that in 1929, according to the Census, 4,681,802 tons of bran 
and middlings (nearly all from wheat) were produced, valued at over 
$140,000,000. This does not include the amounts or value of screenings 
and certain other by-products of the milling industry. 

636. Composition and nutritive value of wheat. — Wheat resembles 
the other cereals in the general nutritive characteristics that have been 
discussed previously in this chapter. It has 13.1 per cent protein, on 
the average, which is slightly more than oats have and considerably 
more than com contains. However, as has been pointed out in Chapter 
IV, the protein content of wheat is markedly affected by the climate 
and to a less extent by other factors. As is shown in Appendix Table 
I, wheat from the northern plains states averages 13.5 per cent in 
protein, while that from the Pacific Coast has but 9.9 per cent, or only 
about as much as corn. 

When grown under the same conditions, spring wheat is usually 
slightly richer in protein than winter wheat, but is also higher in fiber. 
Durum wheat, grown extensively in the western part of the northern 
plains area, has about the same composition and feeding value as other 
wheat grown under the same environment. 

The amount of protein in wheat is highly important from the 
milling standpoint, as it indicates the amount of gluten. Since gluten 
gives wheat dough the tenacity required in bread making, a high gluten 
content is desired. Therefore much wheat is now sold at the central 
markets on the basis of certified protein content. 

As shown in Chapter VI, the protein of the bran layers and the 
germ is of better quality than that of the endosperm. (148) Wheat 
bran and wheat middlings therefore furnish protein' which is superior 
to that supplied by flour or by the entire grain. However, the protein 
in the wheat by-products is decidedly inferior to that from such animal 
sources as milk, meat scraps, tankage, or fish meal. 

Wheat equals corn in percentage of nitrogen-free extract (which 
is nearly all starch) and does not contain much more fiber than does 
com. It has only about 2 per cent of fat in comparison with 4 per 
cent for corn. Wheat is as high as corn in digestibility, and it has a 
trifle larger percentage of total digestible nutrients than does corn of 
the, same dry matter content. 

Wheat is low in calcium, containing only 0.03 per cent. This is 
but one-third as much as in oats, but is more tharE in com. In phosphorus, 
wheat is the highest of the cereals, having 0.43 per cent. 

Wheat is lacking in vitamin D, the same as the other grains, and 
it supplies no appreciable amount of vitamin A. 
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637. Wheat as a feed. — The numerous experiments with the vari- 
ous classes of stock, which are reviewed in the chapters of Part III, 
show conclusively that wheat is a satisfactory feed for all farm animals 
when it is fed in suitable rations. Wheat is usually wiell liked by stock 
and is frequently fed as the only grain to swine and to fattening cattle 
and sheep. There is occasionally a tendency for fattening cattle or sheep 
to go ^‘oflf feed*’ when heavily fed on wheat, or to have digestive 
disturbances. For this reason, wheat sometimes gives the best results 
when mixed with other feeds, such as corn, oats, barley, or bran. 

Since the kernels of wheat are rather hard and small, wheat should 
be ground or crushed for all classes of stock, except sheep and possibly 
pigs when they are self-fed. The grain should be ground to only a 
medium degree of fineness, for wheat ground to a fine, fioury meal is 
less palatable and more apt to form a pasty mass in the mouth. 

When forming one-third to one-half of the concentrate mixture for 
dairy cows, ground wheat is about equal to ground com. For pigs wheat 
is slightly superior to com in rate and economy of gain produced. 
Wheat is fully equal to corn for fattening cattle, so far as amount of 
feed required per 100 lbs. gain is concerned. However, cattle fed wheat 
as the only or the chief grain may not gain quite so rapidly as those 
fed com. For fattening lambs wheat is abdut equal to barley, but is 
worth somewhat less per 100 lbs. than corn. Ground wheat can be suc- 
cessfully fed to horses and mules, if it is mixed with some bulky feed 
to avoid digestive trouble. 

In using wheat as a stock feed, the fact that it is higher than 
com in protein should be borne definitely in mind. This means that 
less protein supplement will be needed to balance a ration when wheat 
is the chief grain, than in the case of com. This fact has even been 
overlooked in several experiments conducted to study the feeding value 
of wheat. When this advantage is not recognized, wheat cannot have 
its maximum value as a feed. 

638. Flour manufacture and the milling by-products. — The wheat 
kernel is covered with a brownish bran coating in which four layers 
can be distinguished under the microscope. The bran is richer in pro- 
tein and minerals and also much higher in fiber than the entire grain. 
Under the bran is the brownish aleurone layer, also rich in protein. 
The germ, which is at the base of the kernel, is rich in oil, protein, and 
minerals. The remainder of the kernel consists of thin-walled cells 
packed with starch grains. Among the starch grains are the particles 
of gluten that give wheat dough its tenacity. 

In producing flour the miller desires to secure all the starch and 
gluten possible from the wheat grains, while avoiding the germ and 
bran. He leaves out the germs because they make a sticky dough and 
also soon turn dark and rancid, giving the flour a specked appearance. 
Nor does he use the aleurone layer, as it gives a brownish tint to the 
flour. 

In modem milling, the wheat is first cleaned and moistened to 
toughen the bran. Then it passes between pairs of steel rollers, the first 
pairs of which are corrugated. These rollers gradually break the ker- 
nels into pieces, flatten out the bran, and separate the flour from it. 
After passing through each “break,” or pair of rollers, the flour is 
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removed by sieves and bolting cloth. Later in the process the various 
by-products are separated, all possible flour being recovered at each 
step in the reduction of the kernels. 

The terms used to designate the various by-products differ some- 
what in various parts of the country, and also the names of certain of 
the winter wheat by-products differ from those of the spring wheat 
by-products. The term wheat bran (often called merely '‘bran’’) is 
used for the coarsest by-product, which consists chiefly of the bran 
layers. For the finer by-products from spring wheat the terms com- 
monly used are standard middlings, flour millings, and wheat red 
dog. In the case of the by-products from winter wheat, the common 
names are brown shorts^ gray shorts, and white middlings, 

• In the manufacture of white flour, approximately 72 to 75 per 
cent of the weight of the cleaned wheat usually goes into the flour and 
the remainder into the by-products.^® Bran and standard middlings 
(or brown shorts) each form about 11 per cent of the weight of the 
original grain, and red dog flour (or white middlings) about 5 per cent. 

639 . Wlieat«bran. — Wheat bran, which consists almost entirely of 
the coarse outer coatings of the wheat kernel, is one of the most useful 
and important stock feeds. It averages 15.8 per cent in protein and 
5.0 per cent in fat, and does not usually contain more than about 10 
per cent fiber. Wheat bran supplies 70.2 lbs. total digestible nutrients 
per 100 lbs., which is a trifle less than oats furnish. 

The protein of bran is of considerably better quality than that of 
white flour, but nevertheless it is not so well-balanced in composition 
as the protein in such feeds as milk, meat by-products, and fish by- 
products. 

In phosphorus content bran is one of the richest of all common 
feeds, but it is low in calcium. It has 1.32 per cent of phosphorus, but 
only 0.12 per cent of calcium. This lack of calcium in bran and also 
in the grains should be borne in mind when they form the chief con- 
centrates for stock. 

Bran is one of the most palatable of stock feeds and it has a mild 
laxative effect. Also, it is twice as bulky as oats. Its popularity is due 
in no small part to these characteristics. The laxative effect has been 
attributed by some to its high content of phytin (an organic phosphorus 
compound) and by others to its content of fiber and pentosans.^^ Recent 
investigations indicate that the latter are the primary cause of this 
effect. 

640 . Wheat bran with screenings; spring wheat bran. — The best 
grades of bran have large clean flakes, and contain no screenings. Such 
bran is often called ‘^pure wheat bran/’ When bran contains screen- 
ings, most states require that the fact be indicated on the feed tags. 
( 648 ) “Standard bran,” or bran containing screenings, usually sells 
at 50 cents to $1.00 a ton less than pure bran. Since wheat screenings 
haye>niuch the same chemical composition as wheat bran, there is often 
no significant difference in composition between bran without screenings 
and standard bran. 

Unless bran contains more screenings than usual or unless the weed 
seeds are of a kind that give it a bitter taste, the difference in price 
between the two grades probably represents the approximate difference 
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in actual value. It must be borne in mind, however, that there is some- 
what more danger of introducing noxious weeds on the farm when 
screenings are fed. This is because they are not usually ground finely 
enough to destroy the smallest seeds. 

Hard spring wheat bran contains slightly more fiber than winter 
wheat bran, but it also averages appreciably higher in fat and slightly 
higher in protein. In content of total digestible nutrients it is slightly 
higher than winter wheat bran. 

641. Country mill bran and middlings. — Bran and middlings from 
small mills that lack machinery for perfect separation of the fiour from 
the bran coats contain more flour and are therefore a little higher in 
nitrogen-free extract and lower in fiber than the bran from large mills. 
However, such bran and middlings are also slightly lower in protein. 
The terms ‘‘country mill bran’’ and “country mill middlings” are 
often used for such feeds, and they frequently sell at a slightly higher 
price. Sometimes, however, these terms are used in a misleading man- 
ner for any bran or middlings that does not come from a mill in one 
of the large milling centers. 

642. Wheat bran as a feed. — Because of the importance of whfeat 
bran, its value and use for each class of stock are discussed in detail 
in Part III. The palatability, the bulky nature, and the mild laxative 
effect of bran make it an especially good feed for dairy cattle, and it 
is one of the most common ingredients in their rations. When the cost 
of total digestible nutrients in bran is considerably higher than in grain 
or other concentrates, the amount of bran in the dairy ration should 
be kept at a minimum, or bran should be entirely replaced by other 
suitable feeds. Though bran is excellent for dairy cows, it should be 
borne in mind that it is not indispensable. 

Bran is a very useful feed for horses, especially as a laxative or 
to mix with heavy concentrates that might otherwise cause digestive 
trouble. It is one of the most popular ingredients in mixtures for 
breeding ewes and growing lambs. Bran is useful for mixing with 
heavy grains in starting fattening cattle or lambs on feed, but later it 
is usually replaced by grain, or the amount greatly reduced. While 
bran is a useful feed for brood sows, middlings are much preferable 
for pigs of all ages, as bran is too bulky for them. 

643. Wheat standard middlings; brown shorts. — Wheat standard 
middlings, usually called merely “standard middlings” (sometimes 
“standard shorts”) are the by-product from spring wheat that con- 
sists mostly of fine particles of bran and germ, with very little of the 
red dog flour. The similar by-product from winter wheat milling is 
called wheat brown shorts, or sometimes “red shorts.” These feeds 
have about the same composition, except that standard middlings are 
slightly higher in fiber and also higher in fat than brown shorts. 
According to the definitions of the Association of American Feed Con- 
trol Officials, standard middlings must not contain more than 9.5 per 
cent fiber and brown shorts not more than 7.5 per cent.^^ 

Standard middlings are slightly richer in protein and fat than 
wheat bran and contain more nitrogen-free extract. They average 17.4 
per cent in protein, 6.8 ^er cent in fiber, and 5.5 per cent in fat. They 
are appreciably more digestible than wheat bran and furpish, on the 
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average, 78.4 lbs. of total digestible nutrients per 100 lbs., in compari- 
son with 70.2 lbs. for bran. Standard middlings thus supply about 12 
per cent more total digestible nutrients. They therefore have a corre- 
spondingly higher value as a feed, except when the more bulky nature 
and greater laxative effect of bran are desired. Standard middlings 
are rich in phosphorus, containing 0.94 per cent, but they are low in 
calcium, like bran and other wheat by-products. 

The value of standard middlings for the different classes of stock 
is discussed in the chapters of Part III. They are used chiefly for 
swine, calves, and poultry, but may also be fed to other stock in place 
of bran. Standard middlings and other types of middlings are excel- 
lent swine feeds when part of the protein in the ration comes from 
such feeds as tankage, fish meal, skimmilk, etc. On the other hand, if 
middlings are fed as the only supplement to the cereal grains, even to 
pigs on pasture, the results are usually unsatisfactory. This is due 
primarily to deficiencies in the quality of the protein. 

When fed as a part of a suitable concentrate mixture, wheat mid- 
dlings are (Satisfactory for dairy cows. Middlings alone should never 
beefed to horses, since they are too heavy in character and are liable 
to produce colic. 

644. Wheat red dog; wheat white shorts. — Wheat red dog, also 
called “red dog flour “ or “wheat red dog flour, “ is the by-product from 
spring wheat that consists chiefly of the aleurone, with small quantities 
of flour and fine bran particles. The similar by-product from winter 
wheat is wheat white shorts, also called “white middlings. 

Wheat red dog is slightly higher in fiber and also in fat than wheat 
white shorts, but otherwise there is little difference in composition 
between the two by-products. According to the definitions of the Asso- 
ciation of American Feed Control Officials, wheat red dog must not con- 
tain more than 4.0 per cent of fiber and wheat white shorts not more 
than 3.5 per cent.^^ 

These by-products contain slightly less protein and fat than stand- 
ard middlings or brown shorts, but they are considerably lower in fiber 
and higher in nitrogen-free extract. Both are highly digestible, and 
they are even richer than the entire wheat grain in total digestible 
nutrients. They are fed chiefly to swine, especially young pigs, but are 
also often used as an ingredient in calf meals, on account of their high 
digestibility. 

646. Vhieat flour middlings; wheat gray shorts. — Wheat flour mid- 
dlings consist of standard middlings and red dog flour combined in 
the proportions obtained in the usual process of milling spring wheat. 
The similar by-product from winter wheat is wheat gray shorts (also 
called “gray middlings “ or “total shorts'’). Neither flour middlings 
nor gray shorts should contain more than 6 per cent fiber. The average 
fiber content for flour middlings is 4.4 per cent and for gray shorts 5.6 
per jcent. 

Flour middlings and gray shorts are used in general much like 
standard middlings, but are especially well suited to young pigs on 
account of their low fiber content and richness in nitrogen-free extract. 
They are slightly higher in total digestible nutrients than standard 
middlings or brown shorts. 
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646. Wheat mixed feed. — Wheat mixed feed consists of the wheat 
bran and the flour middlings or gray shorts, combined in the propor- 
tions obtained in the usual process of commercial milling. Wheat mixed 
feed from hard spring wheat should not contain more than 9.5 per cent 
fiber and from winter wheat not more than 8.5 per cent. The name 
'‘wheat mixed feed’' is sometimes loosely used for various mixtures of 
bran and middlings. 

Since wheat mixed feed of good quality contains all the middlings, 
it is somewhat lower than wheat bran in fiber and it is about 5 per cent 
higher than bran in total digestible nutrients. This will represent about 
the usual difference in feeding value, unless bran is desired for greater 
bulk. 

647. “Wlieat germ. — Certain of the larger mills separate some of the wheat germ 
more or less completely from the middlings and sell this product as ‘S^heat germ 
meal*’ or “pure wheat germ.” This feed, which contains 25 to 30 per cent protein 
or more, is used as an ingredient in certain mixed poultry feeds and calf meals. 

548. Screenings. — When wheat and the other small grains come 
from the threshing machine, they contain various amounts of screen- 
ings. These must be removed as completely as possible before the grain 
is milled for human food. The screenings consist of small, broken, or 
shrunken kernels of grain, wild oats and wild buckwheat, smaller weed 
seeds, and more or less chaff and broken pieces of stem. It is estimated 
that there were over 18,580,000 bushels of screenings a year in the wheat 
and rye crop in only four states — ^North Dakota, South Dakota, Min- 
nesota, and Montana — during the period, 1923 to 1930.^* 

When farmers market their wheat or other grain before first clean- 
ing it thoroughly, they not only lose the feeding value of the screenings, 
but they also have to take an appreciably lower price for the grain* 
The increase in price will much more than cover the cost of cleaning 
the grain, and in addition the screenings will be saved for feeding on 
the farm. 

Screenings vary so widely in composition and feeding value that 
no very definite statements can be made concerning them. The best 
grades, consisting chiefly of broken and shrunken kernels of grain, with 
wild oats and other palatable weed seeds, resemble oats in composition. 
Such screenings, when ground, may closely approach grain in feeding 
value. Light, chaffy screenings are, of course, much higher in fiber 
and consequently lower in value. Some screenings even resemble straw 
more than grain in composition and value. 

If the screenings contain too large a proportion of “black seeds, 
consisting of mustard seed, lambs’ quarters, and pig weed, the value will 
be low. In case there is much mustard seed present, the screenings 
may be very unpalatable to stock. Poisonous seeds, such as corn cockle, 
are rarely present in sufficient amounts to cause ill effects. Flax 
screenings are usually considerably higher in fat than wheat screenings, 
due to immature or broken flax seeds. However, they are also generally 
higher in fiber. 

Especially in Canada, screenings are often separated at the mills 
into three classes: Recleaned elevator screenings (consisting chiefly of 
wild buckwheat, broken or shrunken wheat, and wild oats, with not 
over 3 per cent of small weed seeds) ; oat scalpings, or “mill oats’^ 
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(consisting of wild oats, tame oats, and other grain) ; and refttse screen^ 
ings (consisting of small weed seeds, chaff, dust, and dirt). 

Unless the weed seeds in screenings are killed by fine grinding, 
many will pass through stock uninjured and be carried to the fields 
in the manure. Therefore screenings should be finely ground, even for 
sheep. The experiments that have been conducted to determine the 
value of screenings for stock feeding show that the best heavy-weight 
screenings, high in grain and in wild oats and wild buckwheat, are 
practically equal to grain in feeding value.^® On the other hand, chaffy 
screenings or those high in pigeon grass seed have been of much less 
value. 

In Idaho tests, well-cleaned alfalfa-seed screenings were superior 
to barley for fattening lambs.^® On the other hand, in one trial un- 
cleaned screenings were unpalatable on account of the strong taste of 
some of the weed seeds, and the lambs would eat only 0.2 lb. per head 
daily. Screenings containing a large proportion of certain weed seeds 
may even cause an objectionable flavor in the meat of animals heavily 
fed on th^m.^l 

Ground screenings of good quality can be used satisfactorily as 
one-fourth or somewhat more of the concentrate mixture for dairy cows, 
beef cattle, or swine. The best results are secured when screenings 
are fed with considerable legume hay. It is pointed out in Chapter 
XXXIII that screenings are fed extensively to fattening lambs, espe- 
cially in the wheat-growing areas of the West. Often they are used 
as the only concentrate. At the start light-weight, chaffy screenings 
are fed, and when the lambs are safely on full feed, heavier screenings, 
richer in grain, are substituted. Various proportions of screenings are 
used in certain of the lower-grade mixed feeds, especially those for 
dairy cows. (666) 

The composition and value of alfalfa-seed screenings and sweet- 
clover-seed screenings are discussed in the following chapter. (606) 

V. Barley and Its By-products 

549. Importajice of barley. — Barley, which ranks fourth in im- 
portance as a grain crop in the United States, is the most widely 
cultivated of the cereals throughout the world. The crop is adapted to 
a wide range of climatic conditions. For instance, barley grows in 
Alaska and flourishes beside orange groves in California. Once the 
chief bread grain of many ancient nations, barley is now used almost 
wholly for brewing, for stock feeding, and to a much less extent for 
making pearled barley. (Most of the six-row varieties of barley are 
classed by botanists as Hordeum vulgare and most of the two-row 
barleys as Hordeum distichon.) 

Throughout the northern range of states, except on the lighter soils, 
barlejt commonly yields more pounds of grain per acre than do oats. 

, Since the feeding value of barley is as high or even higher than that 
of oats, pound for pound, the acreage of the improved, high-yielding 
pedigreed varieties of barley has been greatly increased during recent 
years, and the grain has been used in place of oats for feeding stock. 
According to the Census, the acreage of barley in the United States 
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increased from 6,472,888 acres in 1919 to 12,890,772 acres in 1929. The 
average yield of barley in this country for the 10-year period, 1924 to 
1933 inclusive, was 22.0 bushels of 48 lbs. each, per acre. 

The large increase in barley acreage may have been partly because 
of the recent development of smooth-awned varieties by the experiment 
stations. These have removed from harvesting barley much of the dis- 
agreeableness caused by the barbed beards of ordinary varieties. 

Barley is especially suited to sections with rather scanty rainfall 
and short growing seasons. It holds first rank among the cereals in 
North Dakota and California, and it is of much importance in the 
entire district from Michigan westward to Montana, Wyoming, and 
Colorado. 

In growing barley one should be sure that he has a variety that 
is well adapted to his locality, for the results from any variety differ 
widely in various sections. Where barley stripe is serious, it is impor- 
tant to have a variety resistant to the disease. The hull-less varieties 
of barley, in which the hulls do not adhere to the kernels when the 
grain is threshed, yield considerably less than the common varieties in 
nearly all sections. 

Often a combination of barley and oats will produce a greater 
weight of grain per acre than either crop grown alone. The combina- 
tion is therefore extensively raised in some localities, when the grain 
is intended for stock feeding and not for market. 

660. Composition and nutritive value. — The average protein con- 
tent of barley for all sections of the United States except the Pacific 
Coast States is 11.8 per cent. This is nearly as high as the protein 
content of oats, which averages 12.0 per cent. However, barley varies 
considerably in protein content, depending on the climate, just as in 
the case of wheat. It will be noted in Appendix Table I that barley 
from the Pacific Coast averages only 8.7 per cent in protein. 

The hulls form about 15 per cent of the usual types of barley, the 
best grades of which weigh 46 lbs. or more per bushel. (The legal 
weight of barley per bushel in most states is 48 lbs.) Due to the hulls, 
common barley averages 5.7 per cent in fiber content. It supplies about 
one-tenth more total digestible nutrients per 100 lbs. than oats and 5 
per cent less than com of Federal grade No. 1. 

Some of the barley varieties grown in the West, such as Coast 
barley, have thicker hulls, and weigh only 45 lbs. per bushel. Such 
barley is somewhat lower in digestible nutrients and feeding value than 
the ordinary varieties. Hull-less barley resembles wheat or rye in com- 
position, as the hulls do not adhere to the kernels of the threshed grain. 

Barley has the same nutritive deficiencies as the other cereals, 
which have been discussed at the beginning of this chapter. It is low 
in vitamin A, though apparently containing somewhat more than white 
corn.^^ 

661. Barley as a feed. — As is pointed out in the various chapters 
of Part III, barley is a satisfactory feed for all classes of stock. For 
dairy cows ground barley is about equal to ground com. For horses 
a given weight of barley will replace more than the ♦same weight of 
oats, but greater care is necessary in feeding, or it may cause colic. 
For swine, for fattening cattle, and for fattening lambs or sheep, barley 
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is an excellent feed, but it is worth somewhat less per ton than corn. 
Barley should be ground or crushed for all these classes of stock, excei)t 
sheep. 

Occasionally cattle bloat when fed barley as the only or the chief 
grain, especially when the roughage is alfalfa hay. However, the trou- 
ble from this source is ordinarily not serious. The use of scabbed 
barley has been discussed in Chapter XVI. 

662. Brewing and brewery by-products. — The first step in the 
production of beer is the making of malt from barley. After being 
cleaned of foreign material, the barley is steeped in warm water for 
48 to 70 hours and then removed from the water and kept at the proper 
temperature for germination. The amount of diastase, an enzyme which 
converts starch into malt sugar, increases greatly, and some of the 
starch in the grain is changed by the diastase. When the action has 
gone far enough, the grain is dried. The small, shriveled roots, or 
‘‘sprouts,” are then separated from the grains. These form the feed 
known as malt sprouts. 

In the manufacture of beer, the malt, after being crushed, is 
“mashed” with water held at the proper temperature for diastatic 
action. Often there is added to the mash some corn grits, rice grits, 
or other grain, which has been cooked to gelatinize the starch. During 
the mashing process most of the starch in the malt and in any added 
grain is converted into malt sugar. The sugar and other soluble material 
is next extracted from the mash to form “wort.” This is boiled with 
hops, and then filtered. Finally, yeast is added and the fermentation 
proceeds. 

The residue left after the wort is extracted constitutes wet brewers^ 
grains. These are usually dried and sold as brewers^ dried grains or 
dried brewers^ grains. The spent hops, after drying, are sometimes 
used in mixed feeds, but have little feeding value. 

4. The yeast that develops in the fermentation process is sometimes 
recovered, dried, and sold as brewers^ yeast. The value of this by- 
product is discussed in Chapter XIX. 

66S. Malted liarley. — It was once believed that the malting of barley in- 
creased its general value for stock feeding. This practice has, however, been prac- 
tically discontinued, except that malted barley is sometimes used in calf meals. For 
young calves, before their ability to digest grain has been well developed, it may 
possibly possess some slight advantage over ground barley. 

Early experiments showed that for dairy cows and fattening animals a given 
weight of barley is worth more than the amount of malt and malt sprouts that can 
be made from it.23 This is because there is a loss of 5 to 7 per cent of the dry 
matter in the steep water and in the oxidation of nutrients during the germinating 
process. Malt is, however, very palatable to stock and is occasionally used as an 
appetizer in fitting stock for show. 

554. Brewers’ dried grains. — ^Brewers’ dried grains contain an 
average of 25.6 per cent protein, 6.7 per cent fat, 14.8 per cent fiber, and 
4210 per cent nitrogen-free extract. The nitrogen-free extract is largely 
pentosans, for most of the starch is removed in the malting and mashing 
processes. Brewers’ grains do not rank high in total digestible nutri- 
ents, having only 65.3 per cent on the average, in comparison with 70.2 
per cent for wheat bran and 77.4 per cent for com gluten feed. They 
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also contain slightly less digestible protein than does corn gluten feed, 
for they have only 20.7 per cent, on the average, in comparison with 2Z7 
per cent for corn gluten feed. Brewers^ dried grains are nearly as 
bulky as wheat bran, and they keep fairly well in storage. They are 
not very palatable to stock and should therefore be mixed with better- 
liked feeds, if possible. 

Brewers^ dried grains are used chiefly for dairy cattle, especially 
dairy cows. It is pointed out in Chapter XXV that they are entirely 
satisfactory for this purpose when forming not over one-third of a 
concentrate mixture which consists chiefly of well-liked feeds. They 
may also be fed similarly to beef cattle and sheep. When cheap in 
price, they may be used economically as a substitute for half of the 
oats in feeding work horses, equalling oats, pound for pound, in feeding 
value.^^ They are said to be somewhat constipating for horses.^® On 
account of their bulkiness, brewers^ dried grains are not usually fed 
to swine, but they may be used as a substitute for oats in feeding 
brood sows. 

565. Wet brewers* grains. — ^Because of their watery nature and perishable 
character, wet brewers’ grains are usually fed near the brewery. They are commonly 
sold by the bushel, as the water content and therefore the value per ton varies widely, 
depending on how well the water has drained out. A bushel of wet grains is usually 
equal to about 11 to 13 lbs. of the dried grains. If the water has thoroughly drained 
out, the wet grains will still contain about 75 to 80 per cent water and it will take 
nearly 4 lbs. to equal 1 lb. of the dry grains. 

The wet grains should be hauled to the farm in as fresh a condition as possible. 
To avoid spoilage it may be necessary to haul them every day or two in summer and 
twice a week when cooler. They may be kept longer by storing them in tight barrels 
or tanks, or if they are well compacted, with a small quantity of salt sprinkled 
throughout the mass.26 

In feeding the wet grains, care should be taken to keep the mangers and con- 
tainers clean and free from any spoiled material. The mangers should be of concrete 
or so constructed that there are no crevices that can become filled with decomposed 
grains. This is especially important in feeding dairy cows. Because the wet grains 
have sometimes been fed carelessly to cows in the past, some boards of health now 
regulate or prohibit their use in the production of market milk. 

Wet brewers’ grains may be fed to dairy cows at the rate of 20 to 30 lbs. per 
head daily to replace an equal weight of silage, or as a substitute for part of the 
concentrates (at the rate of 4 lbs. of the wet grains for 1 lb. of the concentrate 
mixture). When properly used, they will not produce any undesirable flavor or odor 
in the milk. To avoid any tainting of the milk, they should be fed after milking, 
rather than before, and they should not be stored in the stable. 

The wet grains may also be fed to other classes of stock, just as in the case 
of the dried product. On account of the "washy” nature of the wet grains, horses 
should not be fed more than about 20 lbs. per head daily, and pigs not over 2.5 lbs. 
per 100 lbs. live weight. 

556. Dried malt grains. — Dried malt grains are similar in nature to dried 
brewers’ grains, and are a by-product in the manufacture of malt syrup. They are 
solely a barley by-product and other grains are not added in the manufacturing 
process. 

667. Malt sprouts. — In the malting of barley, only about 3 lbs. of malt sprouts 
are produced for each 100 lbs. of barley malted. Sometimes the malt sprouts are 
mixed with the brewers’ dried grains and the mixture sold under that name. In 
the proportions produced, the malt sprouts form only one-tenth of such a mixture. 

Malt sprouts are similar in chemical composition to brewers* dried grains, con- 
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taining about .the same amount of crude protein (about one-third of which is amids), 
much less fat, and slightly more total digestible nutrients. They are also about as, 
bulky as brewers* dried grains, and they have a great absorptive capacity for water. 
Due to this they sometimes absorb moisture and become moldy unless stored in a dry 
place. On account of this absorptive power, they are a good carrier of molasses in 
mixed feeds. 

Malt sprouts are somewhat bitter and therefore unpalatable if fed alone. Doubt- 
less for this reason, they are mostly used by feed manufacturers as an ingredient in 
mixed feeds, especially for dairy cattle. They are entirely satisfactory for this 
purpose when used in moderate amounts and are often an economical source of pro- 
tein and total digestible nutrients. 

Due to this lack of palatability, it is preferable not to include more than about 
10 to 15 per cent of malt sprouts in a concentrate mixture for dairy cows or other 
stock. However, stock will usually eat a mixture containing a somewhat greater 
proi>ortion if the other feeds in it are well liked. In a Massachusetts trial 2 lbs. of 
malt sprouts were about equal to 1.5 lbs. of gluten feed for dairy cows.27 Feeding 
too large an amount to dairy cows is said to impart a bitter taste to the milk. 

In Europe horses are fed as much as 6 lbs. per head daily with good results; 
oattle, 3 lbs.; and sheep, 0.75 lb. Since malt sprouts swell greatly when they absorb 
water, they mhy cause digestive disturbances if fed dry in too great quantities. 
Therefore large allowances should be soaked for several hours before feeding. When 
not over 1 to 2 lbs. per head are fed to cattle, soaking is unnecessary, but moistening 
to lay the dust may be advisable. 

568% Spent hops. — The spent hops, left after the wort has been boiled with 
the hops and filtered, are sometimes dried and used for feed or for fertilizer. They 
contain not only the hop residue, but also some protein precipitated from the wort 
in the boiling process. Though they have 20 per cent of protein or more, the digesti- 
bility of the material is so low that the product is of doubtful value as a feed.28 
Also, the spent hops are bitter and unpalatable to stock and therefore only a small 
proportion can be included in a mixture of better-liked feeds. 

669. Barley feed; barley mixed feed; barley hulls. — In the manufacture of 
pearled barley for human food, barley feed is secured as a by-product. This consists 
of the hulls and the outer coats of the kernels. A by-product called barley mixed 
feed, which has about the same composition, is secured when barley flour is manu- 
factured. This should contain not only the hulls but also all the middlings from 
the kernels. 

Usually there is but a small amount of these feeds available in this country, 
but during the World War, when large quantities of barley were milled for flour, 
considerable barley feed was available. A good grade of barley feed, containing 11 
per cent fiber, was worth nearly as much as wheat bran for dairy cows in a Wisconsin 
trial.2» For fattening pigs, barley feed was worth 17 per cent less per ton than 
ground barley. 

Barley bran is erroneously named, as it consists almost entirely of barley hulls, 
with only a small amount of the outer coat of the kernel proper. Barley bran con- 
taining 27 per cent fiber was worth only two-thirds as much per ton for dairy cows 
as wheat bran in another Wisconsin trial. 

VI. Rye AND Its By-products 

660. Importance of rye In the United States. — Bye (Secale cereale) is one of 
the principal cereals of North Europe but is not extensively grown in America. 
During the 10-year period, 1924-1933 inclusive, an average of only 3,345,000 acres of 
rye were grown for grain in the United States, in comparison with 56,835,000 acres 
of wheat. The largest acreage is in North Dakota, but rye is also an important crop 
in Minnesota, South Dakota, Nebraska, Wisconsin, Michigan, and Pennsylvania. 

Though it repays good treatment, rye thrives better than the other cereals on 
poor or very sandy land. Practically all the rye in this country is winter rye, which 
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is even hardier than wheat. In tests in certain sections of the northernmost states 
rye has led the cereals in average weight of grain produced per acre, even on good soil. 

As a winter cover and pasture crop, rye is grown widely in certain sections of 
the South and to a lesser extent in other districts. Its value for pasture during the 
fall, winter, and early spring has been discussed in Chapter XV. (456) 

661. Rye for stock feeding. — Rye grain is raised chiefly for bread-making in 
Europe and is also used largely for this purpose in this country. However, a 
considerable part of the crop is often fed to livestock here. Considering only its 
chemical composition, we should expect rye to equal wheat in feeding value, for 
the composition of these grains is very similar. However, even when rye is not 
appreciably contaminated with ergot, it is usually less palatable to stock than 
the other grains. Also, when fed as the only concentrate or in too large amounts^ 
it is more apt to cause digestive disturbances. 

Rye should therefore be fed with due care and preferably as only part of the 
concentrates. The best methods of using rye for each class of stock are discussed 
in Part III. It is there pointed out that rye has given particularly good results 
in experiments with fattening lambs, even when fed as the only grain. It is also- 
satisfactory for dairy cattle and beef cattle when fed as part of the concentrate 
mixture. On the other hand, the results in swine feeding have been extremely 
variable. In some trials rye has been successfully fed as the only grain, while 
in others, especially with younger pigs, rye has produced poor results when forming 
any large part of the ration. 

Rye which is appreciably contaminated with ergot is unpalatable to stock and 
may even be dangerous, if it contains too much of this poisonous substance. (502) 

662. Rye feed; rye middlings. — Usually all the by-products that are obtained 
in the milling of rye for flour are combined and sold as rye feed or rye middlings^ 
instead of being marketed separately as bran, middlings, and red dog flour. 

Bye feed, as defined by the Association of American Feed Control Officials, should 
consist of the entire by-product obtained in the milling of rye, except the rye red 
dog.i3 However, there is practically no rye red dog on the market, and therefore 
most rye feed as now produced apparently also contains this finer by-product. 

The term rye middlings is defined as the combination of rye feed and rye red 
dog in the proportions obtained in the usual process of milling rye flour. When 
screenings are present, this should be indicated in the name. 

There now seems to be no particular difference in the composition of the feeds 
sold as rye feed and as rye middlings. Both are a little lower in protein than 
standard wheat middlings but usually have less fiber. These rye by-products furnish 
slightly less total digestible nutrients than standard wheat middlings and somewhat 
more than wheat bran. The rye by-products are, however, less palatable than the 
wheat by-products, and therefore the best results are secured when they are fed as 
only part of a good concentrate or grain mixture, along with well-liked feeds. 

For dairy cows, beef cattle, or sheep these rye by-products may be used satis- 
factorily as a substitute for wheat bran to a limited extent. Under usual conditions, 
the amount had best be limited to 15 to 25 per cent of the concentrate mixture, 
though a larger proportion could possibly be fed successfully with good legume hay 
and corn silage. 

Rye feed and rye middlings have not been used extensively for swine feeding, 
but can probably be fed in limited amounts with satisfactory results. Since rye grain 
sometimes does not give good results in feeding swine when forming too large a part 
of the ration, it would also seem wise not to include over 15 to 25 per cent of these 
rye by-products in the ration. To this extent they can be substituted for wheat 
middlings. 


VII. The Sorghums 

563. Sorghums important gram crops in areas of low rainfall. — 

It has already been pointed out in Chapter XIV that in the plains 
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states from southern Nebraska to Texas, New Mexico, and Arizona on 
the south, the sorghums (Andropogon sorghum^ or Sorghum vulgare, 
vars.) are of great value for grain and also for forage. In the portions 
of this great area where the rainfall is scanty, they largely take the 
place of com, due to the fact that they are much more drought resistant. 
The various types of the sorghums, both the grain sorghums and the 
sweet sorghums, have been previously described, and the special advan- 
tages of these types for grain or for forage pointed out. 

664. Grain sorghums. — The grain sorghums include milo, hafir, 
feterita, kaoliang, and the less important hegari, durra, and shallu. In 
this class are also certain hybrids between the grain sorghums and the 
sweet sorghums, such as darso, shrock, and sagrain. Atlas sorghum, 
another hybrid, is more commonly classed with the sweet sorghums, 
though it is used for grain as well as for forage. 

By careful breeding and selection, varieties of grain sorghum have 
been developed which are suited to the various climatic conditions. Of 
especial importance in the drier districts are dwarf strains which have 
erect heads that .may be harvested with a grain header or a combine 
harvester, and which are early maturing, thus escaping late summer 
droughts. Also, through the development of early varieties the sor- 
ghums are being carried farther north. 

Throughout the western portion of the sorghum belt, the grain 
sorghums are much surer crops than corn, due to their drought-resistant 
qualities. Here they usually give decidedly higher yields than com. 
For example, the average yield of 5 varieties of kafir over an 8-year 
period in trials at Hays, Kansas, was 38 bushels per acre, in comparison 
with only 24 bushels for corn.^® In central and eastern Kansas and 
Oklahoma, the sorghums are superior to corn on poor, thin uplands. 
Even on the better land in the eastern part of the grain-sorghum belt, 
it is advisable to use the sorghums as a partial substitute for com as 
an insurance against loss from drought. 

The average yield of the grain sorghums in the United States has 
ranged from more than 20 bushels per acre to less than 10 bushels, 
depending on the rainfall. Yields of 50 bushels or more per acre are 
sometimes secured under very favorable conditions. 

The customary basis for selling the seed of the grain sorghums is 
by the 56-lb. bushel, but the usual weight is about 54 lbs. Grain sorghum 
heads commonly yield from 70 to 75 per cent of grain on threshing, 
and it requires 75 to 80 lbs. of sorghum heads to make a bushel of 
threshed grain. Although the percentage of grain in the entire crop 
varies widely with the season and the thickness of the stand, about 3.0 
per cent of the weight of well-cured grain sorghum plants will be grain, 
on the average.^^ 

When cut for grain, grain sorghum should not be harvested until 
the seeds are well matured. Because the hard-coated seeds when ap- 
parently dry may contain much moisture, the grain sorghums are espe- 
cially apt to heat in the bin unless the grain is well cured before it 
is threshed. 

666. Grain sorghums as feeds. — The grain sorghums resemble corn 
grain in composition and in feeding value. Like corn, they contain 
about 70 per cent nitrogen-free extract, which is nearly all starch, and 
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they are very low in fiber. Most of the grain sorghums are higher than 
corn in protein but they contain considerably less fat. 

The grain sorghums have the same general nutritive virtues and 
deficiencies as the other cereals, which have been discussed in detail 
earlier in this chapter.^^ As in the case of the other cereals, the proteins 
of sorghum grain are unbalanced in nature. Sorghum grain is also 
nearly as deficient in calcium as com grain, and, like com, is somewhat 
lower in phosphorus than wheat, barley, or oats. 

All the varieties of sorghum grain, even those which are yellow in 
color, are apparently low in vitamin A, resembling white com and the 
small grains in this respect. In the yellow-seeded grain sorghums the 
color is confined to the hull, and the endosperm is not colored, as in 
yellow com. Sorghum grain is deficient in vitamin D, the same as 
the other cereals. 

When properly supplemented with feeds rich in protein, calcium, 
and vitamins A and D, the grain sorghums are excellent for all classes 
of stock. The experiments reviewed in the respective chapters of Part 
III show that for dairy cows and sheep the grain sorghums are about 
equal in value to corn, pound for pound. For fattening cattle and for 
swine their value has been somewhat lower than that of com. There 
is apparently no important difference in the value i&r stock feeding 
of the grain from the various types and varieties of grain sorghums. 
The grain of the sweet sorghums is of lower value, as is stated later. 

The grain sorghums are well liked by stock, though they are some- 
times slightly less palatable than corn. The seeds of darso, shrock, and 
sagrain, which are hybrids between grain sorghums and sweet sorghums, 
are somewhat bitter, due to a high content of tannin. Nevertheless, 
they give good results when fed to stock. 

For horses, fattening cattle, and dairy cows, sorghums are ordi- 
narily ground, being then usually called ‘‘chop.^^ Grinding for sheep 
is not necessary, and there is but a small saving in grinding grain 
sorghum for swine when the grain is fed in a self-feeder on a suitable 
platform. Often the unthreshed heads are fed, or the forage carrying 
the heads is supplied, especially to idle horses, colts, and young stock. 
The product obtained by grinding the entire heads, called “head chop/^ 
resembles corn-and-cob meal in composition. 

666. Sweet sorghum seed. — The seed of the sweet sorghums, or sorgos, con- 
tains considerable tannin, which makes it bitter and astringent. Its feeding value 
is only about two-thirds as much per pound as seed from the grain sorghums. For 
grain production sweet sorghum is surpassed by corn in the humid regions and by 
the grain sorghums in the plains districts. 

667. Broom com. — In harvesting broom corn the heads are cut before the 
seed has fully matured, and the seed is removed from the brush before it is thoroughly 
dry. This seed has considerable feeding value and may be saved by drying or ensiling, 

VIII. Rice and Its By-products 

668. Bice. — Rice is one of the most important cereal crops of the world and 
forms a large part of the food of the Oriental peoples. The production in the United 
States is but about 1 per cent of the world production, an average of only 910,000 
acres being grown in this country during the 10-year period, 1924-1933 inclusive. 
Over half the acreage is in the coastal section of Louisiana, and practically all the 
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remainder in Arkansas, Texas, and California* Most of the rice grown in this and 
other countries is of the lowland type, which requires flooding with water after the 
plants have well started. 

Like wheat, rice is used almost entirely for human food, the grain being fed to 
stock only when off-grade or unusually low in price. The rice kernel is very hard 
and is enclosed in a hard hull, which has small ridges with sharp, tooth-like projec- 
tions. The threshed grain, called rough rice, or paddy rice, is nearly as high as oats 
in fiber and is the lowest of the cereals in protein, averaging only 8.3 per cent. It 
has the common merits of the cereals as a feed and also the same general nutritive 
deficiencies, including a lack of vitamin A. 

When available at an economical price, rough rice may be used as a substitute 
for corn or other grain in feeding the various classes of stock. It should be ground 
for all stock, on account of the hardness of the kernels. In trials with work horses 
and mules and with dairy cows ground rough rice has been about equal to ground 
corn.33 In a Missouri trial with fattening steers it was worth only three-fourths as 
much as corn.34 

For swine we should expect that the value of ground rough rice would be some- 
what lower than that of ground corn or barley, and more similar to that of oats, on 
account of the higher fiber content. The value of ground rough rice for swine in 
comparison with these grains has varied considerably in the few trials in which they 
have been compared.so 

Bed rice, a pest in the rice fields, probably equals the cultivated grain in feeding 
value. • 

569. Bice milling and rice by-products. — In milling rice to produce polished 
rice for human food, first the hull is removed, and next the germ and all the layers 
of bran except a part of the last layer. The germs and the brrn, with only such 
quantities of hull fragments as are unavoidable in the regular milling process, form 
the by-product called rice bran. The starchy part of the kernel is left, surrounded 
by part of the last bran coat. The rice is now nearly white but the grains arc rather 
rough. It is therefore “polished’* by being treated in revolving cylinders, padded 
with leather. In this process the remnants of the last brown bran layer are removed 
and also fine polishings from the starchy part. These form rice polish. 

The very small pieces of broken grains that are removed in the milling process 
are separated and marketed as brewers* rice. 

In the milling of rice approximately 65 per cent of milled rice is obtained, 19 
per cent of hulls, 8 per cent of rice bran, 3 per cent of rice polish, and 2 per cent 
of brewers* rice, with about 3 per cent of screenings and waste.se The amount of 
rice by-products produced in the United States is small, according to the Census 
amounting in 1929 to only 111,700 tons for rice bran, rice polish, and brewers* rice,, 
combined. 

670v Bice bran. — Eice bran of good quality has been defined previously in the 
description of the milling process. Such rice bran averages 12.8 per cent in protein 

and 13.4 per cent in fat, with 13.0 per cent fiber. It should be borne in mind that 

rice bran is not a protein-rich feed, for it is similar to oats or wheat in protein 

content, and considerably lower than wheat bran or middlings. 

Bice bran varies decidedly in fiber content, depending on the proportion of hulls 
present, and sometimes is intentionally adulterated with hulls. It is fairly palatable 
to stock when fresh, but often turns rancid in storage, on account of the high content 
of rice oil. Thorough heating and drying at the mill improve the keeping quality. 
In purchasing rice bran it is safest to buy it only on strict guarantee of composition 
and also from a sample which has been examined for rancidity. 

Bice bran is fed chiefly to dairy cattle. When forming not more than about 
one-third the concentrate mixture for dairy cows, it has been worth 75 to 80 per cent 
as much as ground corn or milo grain, and has been about equal to wheat bran.37 
Bice bran that is not rancid does not injure the flavor of milk, but too large a 
proportion may cause soft butter. It may also be used in place of part of the grain 



Heads of Different Types of Wheat 
From left to right: 1, boarded winter wheat (Turkey Rod); 2, beardless spring 
wheat (Blue Stem) ; 3, beard(^d spring wheat (Velvet Chaff) ; 4, Durum, or macaroni 
wheat; 5, club wheat. 



Heads of Oats, Emmer, and Spelt 
From left to right: 1, variety of oats with open or spreading panicle; 2, side oats; 
3, emmer; 4, spelt. 



Heads of Different Varieties of Barley and of Rye 

From left to right: 1, two-rowed barley; 2, common six-rowed barley, or so-called 
Four-rowed barley; 3, true six-rowed barley; 4, California feed barley; 5, b(;ardless 
barley; 6, rye. 



Heads of Different Types of Grain Sorghums 
I'rom left to right: 1 and 2. yellow milo; 3, white kaoliang; 4, brown kaoliang; 
6^ feterita; 6, red kafir; 7, pink kafir; 8, black-hulled kafir. (From Breeder's Gazette. ) 
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for beef cattle or sheep, its value being usually three-fourths that of corn or even 

higher.38 i 

Several experiments have shown conclusively that rice bran has very decided 
limitations as a feed for swine.39 It is satisfactory as part of the ration for brood 
sows and their litters when used as wheat bran would be fed. On the other hand, 
it contains so much fiber that it does not give the best results if it forms too large 
a part of the ration for growing and fattening pigs. It also produces soft pork. 
In addition, too large a proportion of rice bran is apt to cause serious scouring of 
pigs under 75 to 85 lbs. in weight, especially if they are on rye pasture. 

For older pigs, fairly satisfactory gains are produced by rice bran or about 
equal parts of rice bran and ground corn or other grain, properly supplemented with 
a feed like tankage. The gains will, however, usually be less rapid than on grain 
and the supplement. Thus fed, rice bran has been worth 75 to 90 per cent as much 
as ground corn. 

571. Rice palish. — Bice polish is the finely powdered material obtained in 
polishing the rice kernels, after the hulls and bran have been removed. It contains 
approximately as much protein and nearly as much fat as rice bran, and has only 
3 per cent fiber. Because of its higher fat content, it supplies slightly more total 
digestible nutrients than corn. Rice polish tends to become rancid in storage, like 
rice bran, and should therefore be fed when as fresh as, possible. 

It is satisfactory as part of the concentrate mixture for dairy cattle, beef cattle, 
and sheep. In Arkansas trials it was equal to ground corn for dairy cows when 
forming one-fourth of the concentrate mixture, but when as much as this was fed it 
produced soft butter.^o it has given good results when fed to fattening cattle in 
Louisiana and Texas experiments. 

For swine feeding rice polish has much the same limitations as rice bran, except 
that it is much lower in fiber,42 it tends to produce soft pork, especially when it 
forms more than one-half of the ration for fattening pigs. It is also apt to cause 
serious scours if too much is fed to pigs under about 75 to 80 lbs. in weight. For 
pigs over this weight it is fully equal to, or even superior to, ground corn or barley, 
so far as the amount of feed required per 100 lbs. gain is concerned. Rice polish 
is entirely satisfactory as part of the ration for brood sows and litters. If the pigs 
are then grown and finished on non-softening feeds, their carcasses will not be soft. 

672. Brewers* rice; rice meal. — Brewers* rice, which has previously been defined, 
is a very satisfactory substitute for corn or other grain in stock feeding. Though 
it is lower than corn in protein and fat, it contains more starch. It furnishes about 
as much total digestible nutrients per 100 lbs. as the grain sorghums or barley. Since 
brewers’ rice may be less palatable than grain, it is best to mix it with well-liked 
feeds. Opposite in effect to rice bran and rice polish, it produces firm, hard pork.43 

Bice meal, according to the definition of the Association of American Feed 
Control Officials, should be ground brown rice (ground rice after the hull has been 
removed). 13 The term is, however, used sometimes for entire ground rice, including 
the hulls. Rice meal is nearly equal to corn for stock feeding.44 

673. Rice hulls. — Rice hulls are tasteless, tough, and woody. They are heavily 
charged with silica, have sharp, roughened edges, and are said to be irritating and 
dangerous to the walls of the stomach and intestines. In any event, they are digested 
to only a small extent by animals and furnish but about one-third as much digestible 
nutrients as wheat straw. They should therefore never be fed to stock. Yet they 
are still occasionally used by unscrupulous persons for adulterating stock feeds. 

IX. Emmer; Spelt; Millet 

674. Bmmer and spelt. — Emmer (Triticum sativum, dicocoum) and spelt (Triti- 
cum sativum, spelta) are close relatives of wheat, but the grain resembles barley in 
appearance, for the hulls are not usually removed from the kernels in threshing. 
These grains have never become of any importance in the United States, because 
the other cereals are more productive in most sections.45 
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In 1929 only 344,324 acres of emmer and spelt (mostly emmer) were grown in 
the United States, with an average yield of 18.1 bushels per acre. Three-fourths of 
the total acreage was in North Dakota and South Dakota. Though the acreage in 
these states had increased considerably during the previous 10-year period, these 
grains were of minor importance in comparison with wheat, oats, or barley. Emmer 
is often incorrectly called “speltz’' or “spelt.'' Spelt is grown but little in this 
country and has been largely displaced by other grains where once raised in Europe. 

Emmer and spelt closely resemble oats in composition. They may bo used in the 
same manner as oats in feeding the various classes of stock and have about the same 
value as oats per 100 lbs.*® The weight of these grains per bushel varies considerably, 
a common weight being 40 lbs. per bushel. 

When a large proportion of the hulls is removed in threshing, emmer will re- 
semble barley more than oats in composition and feeding value.47 

67&. Hog millet, or proso. — The only kind of millet grown in this country as 
a grain crop is hog millet (Panicum milaceum), or proso, also called broom-com 
millet. It is the ordinary millet of the Old World, which has been raised since 
prehistoric times as an important grain crop for human food. The forage types of 
millet have been discussed in Chapter XV. . 

Hog millet has spreading or panicled heads, wide, hairy leaves, and large seeds. 
It is not raised .for grain ip any extent in this country, except in the northern plains 
district, where the growing season is too short for the grain sorghums. Here it is 
often grown as a late-sown catch crop, for other cereals will usually outyield it if 
seeded at the normal time. The yields usually range from 10 to 30 bushels per acre. 

Hog millet seed is a satisfactory feed for stock when it is ground, as it should 
always be. In trials with fattening cattle and lambs ground hog millet seed has been 
worth 75 to 90 per cent as much as corn per 100 lbs.^8 In Colorado experiments it has 
been nearly as valuable as corn for fattening pigs.^^ 

X. Buckwheat and Its By-pkoducts 

676. Bnckwlieat. — ^Buckwheat (Fagopyrum esculenium) is not really a cereal^ 
but belongs to an entirely different family of plants. However, it is discussed in 
this chapter because the seed has much the same general nutritive characteristics 
as the cereal grains. Also, like wheat and rye, buckwheat is used chiefly for flour 
manufacture. Other food products (buckwheat farina and buckwheat groats) are 
made from buckwheat, and buckwheat is used for stock feeding when the grain is 
low in price. 

Buckwheat often does better than the small grains on poor or very acid soil. 
It is also grown as a late-sown catch crop, because of its short growing season. 
An average of 622,200 acres were raised in the United States during the 10-year 
period, 1924-1933 inclusive, with a yield per acre of 15.7 bushels of about 45 to 
48 lbs. each. 

The woody hulls of buckwheat form about 18 to 20 per cent or more of the 
seed, and buckwheat grain has 10.3 > per cent fiber, which is about as much as 
in oats. Buckwheat has about as much protein as oats, but it contains only 2.4 
per cent fat. It supplies 64.4 lbs. total digestible nutrients per 100 lbs., which is 
one-tenth less than oats. The protein of buckwheat is not of high quality, and the 
grain and its by-products are deficient in calcium and in vitamins A and D.so 

Buckwheat is not as palatable as most of the grains. It should therefore be 
mixed with such grain as corn, oats, or barley, the buckwheat preferably not forming 
over one-third the mixture. It should be ground for all classes of stock except 
poultry. Fed in a suitable mixture, it is a satisfactory substitute for grain in 
feeding dairy cows and other stock, probably being worth 10 to 15 per cent less 
than oats. In Canadian trials buckwheat was somewhkt inferior to wheat or wheat 
middlings for fattening pigs.^i When buckwheat forms too large a part of the 
ration, it tends to prpduce soft pork.®^ 

Occasionally buckwheat grain and also the green fodder or straw cause peculiar 
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eruptions and intense itching of the skin. This affects only white or light-colored 
portions of the hide, and animals are usually thus injured only when exposed to light. 

Tart ary buckwheat (Fagopyrum tataricum), also called “India wheat” or “rye 
buckwheat,” is higher in hull and lower in milling quality and in feeding value than 
ordinary buckwheat. However, it does better on very poor soil and matures in an 
even shorter time. 

577. Buckwlieat by-products. — Buckwheat hulls are woody and higher in fiber 
than most straw. They therefore have little feeding value and should be used for 
fuel, bedding, or packing, rather than for feed. 

Buckwheat middlings f'also called buckwheat shorts) are the portions of the 
buckwheat grain immediately inside the hull, which are separated from the flour in 
the milling process. They contain on the average 29.7 per cent crude protein, 7.3 
per cent fat, and 7.4 per cent fiber. They are therefore a rich, concentrated feed 
and have a high feeding value. The composition of this feed varies considerably, 
depending on the milling processes. 

Sometimes the miller, desiring to dispose of as much of the hulls as possible, 
mixes them with the middlings to form buckwheat feed (sometimes called ‘buckwheat 
bran”). From the guaranteed composition of any lot and the average composition 
of buckwheat middlings and buckwheat hulls, one can estimate quite closely how much 
hulls have been included. For example, if the product has 20 per cent fiber, it will 
be about one-third hulls. 

Buckwheat middlings are used most commonly for dairy cows, and are a satis- 
factory protein supplement when not forming over one-third the concentrate mixture. 
In New Jersey and Pennsylvania trials a good grade of buckwheat middlings was, 
on the average, nearly equal to gluten feed.53 In a Pennsylvania test buckwheat 
middlings were about equal to brewers’ dried grains for dairy cows.m 

Buckwheat middlings are not satisfactory as the only protein supplement for 
pigs, thus resembling wheat middlings and linseed meal.ss However, they proved 
superior to standard wheat middlings in trials at the West Virginia Stations® when 
fed in combination with yellow corn and tankage. They were also used satisfactorily 
to replace linseed meal in the eflacient “trio” supplemental mixture, consisting of 
tankage, linseed meal, and alfalfa hay. 

QUESTIONS 

1. Discuss the general nutritive characteristics of the cereal grains, considering 

amount and quality of protein, amounts of calcium and phosphorus, and con- 
tent of the various vitamins. 

2. Discuss the composition and the special nutritive characteristics of corn grain. 

3. Under what conditions and for what classes of stock would you use corn-and-cob 

meal in place of shelled corn or ground shelled corn ? 

4. What is the approximate upper limit of moisture for safe storage of eac com 

in a crib; for safe storage of shelled corn in a bin? 

5. How may soft corn be utilized? 

6. Discuss the composition of the different parts of the corn kernel. 

7. Distinguish between ground corn and corn feed meal, 

8. What is hominy feed? Compare the composition and feeding value of hominy 

feed and corn. 

9. State the origin and composition of corn bran. 

10. Describe the manufacture of starch from com and name the by-products resulting. 

11. Of what is corn oil meal composed and what is its general composition? 

12. Discuss the composition and feeding value of corn gluten feed ; corn gluten meal. 

13. How does corn germ meal differ from corn oil meal? 

14. Discuss the composition of oats in comparison with that of corn, and state the 

classes of livestock to which oats are most commonly fed in your district. 
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15. What is the chief by-product secured in the manufacture of oat meal? Discuss 

its composition and feeding Value. 

16. For what classes of stock are oat meal or hulled oats sometimes used? 

17. How could you tell from the guaranteed composition whether a particular lot of 

corn-and-oat feed was of good grade? 

18. Compare the composition and feeding value of wheat and corn. 

19. Describe the manufacture of flour from wheat, and state the by-products secured 

in the milling process. 

20. Discuss the composition and uses of: (a) Wheat bran; (b) standard wheat 

middlings, or brown shorts; (c) red dog flour, or white shorts; (d) flour wheat 
middlings, or gray shorts; (e) wheat mixed feed; and (f) wheat screenings. 

21. Compare the composition of barley and corn, and their values for horses, dairy 

cows, fattening cattle, fattening lambs, and swine. 

22. Describe the malting process, and discuss the composition and feeding value of 

brewers’ dried grains; of malt sprouts. 

23. What limitations has rye as a feed for livestock? 

24. What are the chief rye by-products? Compare their composition with those of 

the corresponding wheat by-products. 

25. Discuss the^ composition and feeding value of the grain sorghums, in comparison 

with corn. * 

26. If any of the following are of importance in your district, summarize briefly 

the information concerning their composition and feeding value: (a) Rough 
rice; (b) rice bran; (c) rice polish; (d) rice hulls; (e) emmer; (f) hog 
millet; (g) buckwheat; (h) buckwheat middlings. 
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CHAPTER XVIII 

OTHER SEEDS AND THEIR BY-PRODUCTS 

I. Cottonseed and Cottonseed By-products 

678, Importance of the cotton crop. — Cotton (Gossypium hirsu- 
turn) ranks next to com in importance and value in the United States, 
and is by far the most important southern crop. During the 10-year 
period, 1925-34 inclusive, there were produced in this country an aver- 
age of 14,315,000 bales of cotton lint, having a gross weight of 500 lbs. 
each and a net weight of 478 lbs. ; and, in addition, 6,362,000 tons of 
cottonseed. The total average farm value of the cotton crop for this 
period was slightly over one billion dollars a year. In 1934 only 
9,731,000 bales of lint cotton and 4,324,000 tons of cottonseed were 
produced, due to the Federal crop-reduction program. 

The cottonseed meal and cake which are secured in the manufacture 
of oil from cottonseed rank next in importance to the wheat by-products 
in value and importance among all the by-product concentrates used 
for stock feeding in this country. Indeed, the tonnage of cottonseed 
meal and cake has exceeded the total tonnage of all other oil meals 
and cakes combined, plus the tonnages of the com-starch by-products, 
the oat by-products, the brewing and distilling by-products, and the 
meat and fish by-products. In addition, cottonseed hulls are one of 
the most important roughages for stock in the South. 

Prom 1924-25 to 1932-33 there were produced in the United States 
an average of 2,314,000 tons of cottonseed meal and cake, and 1,437,000 
tons of cottonseed hulls. From each ton of cottonseed there are secured 
approximately the following; Cottonseed cake or meal, 915 lbs.; crude 
oil, 299 lbs. ; hulls, 579 lbs, ; and linters, or short fiber, 69 lbs. ; with a 
loss of 138 Ibs.^ 

In spite of the high value of cottonseed meal for stock feeding, 
8 to 9 per cent of that produced is often used for fertilizer. This is 
on account of the high content of both nitrogen and phosphorus in the 

meal. 

579. Manufacture of cottonseed meal and cake. — At the oil mills, 
after the cottonseed has been cleaned and more or less of the short lint 
covering the seed has been removed by machinery, the leathery hulls 
of the seed are cut by machines, called hullers, so the kernels can drop 
out. The kernels are separated more or less completely from the hulls 
by shakers and beaters, containing metal screens. They are then crushed 
into thin fiakes, cooked by steam, put between cloths, and placed in 
hydraulic presses. Here as much as possible of the oil is expressed. 
The residue is cottonseed cake, in the form of hard slabs about one-half 
inch thick, 14 inches wide, and 32 inches long. 

In a few oil mills the oil is expressed from the cottonseed kernels 
by machines called ‘‘expellers,’^ and the residue is then in fiake form, 
instead of cake. The expeller-process cottonseed meal has the same 
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composition and value as the hydraulic-process product. In the South- 
west the oil is sometimes expressed from the whole seed by expellers, 
without hulling. Whole-pressed cottonseed, which is discussed later in 
this chapter, is the by-product from this method. 

For sale in the eastern and central states and for feeding to dairy 
cattle the cottonseed cake is generally ground to a fine meal. For sale 
in the western states, especially for use on the ranges, it is frequently 
broken into pieces of pea or nut size, and for export it is often left 
whole. For feeding out of doors, the broken cake is preferable to the 
meal, as it is not scattered by the wind. Since the great majority of 
the product is fed in this country as cottonseed meal and also since 
the meal and cake have the same general value, the term cottonseed 
meal will be generally used in this volume in referring to both cotton- 
seed meal and cottonseed cake. 

' In addition to cottonseed meal, the following sizes of cottonseed 
cake are made in this country: Nut-size cake, consisting of pieces from 
three-fourths to 1.5 inches in diameter; sheep-size cake, from five-eighths 
to seven-eighths inch; pea-size cake, from three-eighths to five-eighths 
inch; and pebble-size cake, under three-eighths inch in diameter. 

580. Grades of cottonseed meal or cake. — Because cottonseed meal 
and cake are used chiefiy as protein supplements, they are graded and 
sold on the basis of the guaranteed protein content, in addition to the 
general quality of the product. According to the definitions adopted 
by the Association of American Feed Control Officials, ‘‘cottonseed meal 
is a product of cottonseed only, composed principally of the kernel, with 
such portion of the hull as is necessary in the manufacture of oil ; pro- 
vided that nothing shall be recognized as cottonseed meal that does not 
conform to the foregoing definition and that does not contain at least 
36 per cent of protein. 

In the definitions cottonseed meal is classed either as prime quality 
or off quality. Cottonseed meal, prime quality must be finely ground, 
not necessarily bolted, of sweet odor, reasonably bright in color, yellow- 
ish, not brown or reddish, free from excessive lint, and shall contain 
not less than 36 per cent of protein. It must be designated and sold 
according to its protein content. For example, prime-quality cotton- 
seed meal guaranteed to contain 43 per cent protein must be designated 
as “43 per cent protein cottonseed meal, prime quality.’’ 

Cottonseed meal not fulfilling the above requirements as to color, 
odor, and texture must be designated as “cottonseed meal, off quality,” 
the guaranteed protein content also being stated. 

On account of the considerable variation in the composition of the 
various grades of cottonseed meal, it should always be purchased on 
definite guarantees not only of protein content, but also of fat and fiber. 
It is shown in Appendix Table I that grades of meal with lower protein 
content not only supply less protein, but are also higher in fiber. This 
is because the hulls are usually removed less completely in the production 
of meal of medium protein content. Such meal therefore furnishes less 
total digestible nutrients than that which has 41 per cent or more of 
protein. 

The cottonseed raised in certain sections of the Southwest, especially 
in Texas, is higher in protein than the seed produced in the other cotton- 
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growing districts. For this reason, to be sold as cottonseed meal in 
Texas, a state law requires that the product contain at least 41 per cent 
protein. If lower than this, it must be sold as cottonseed feed. It is 
shown in Appendix Table I that cottonseed meal or cottonseed feed 
of a given protein content, made from cottonseed grown in this region, 
tends to be slightly higher in fiber and therefore a trifie lower in 
feeding value than a product containing the same percentage of protein 
from the districts where the cottonseed generally has a lower protein 
content. 

681. Composition and nutritive properties. — Cottonseed meal of 
the best grades has 41 per cent or more of protein, therefore being 
appreciably richer in protein than linseed meal and supplying about the 
same amount as corn gluten meal. The most common protein guarantee 
for cottonseed meal is 41 per cent, but considerable is sold with a guaran- 
tee of 43 per cent, and some of the Texas product is guaranteed to contain 
45 per cent. The average composition of the various grades is shown in 
Appendix Table I. 

The profein uf cottonseed meal is of good quality to supplement 
the cereal grains in feeding cattle, sheep, or horses. For swine and 
poultry much better results are secured when cottonseed meal is used 
as only part of the protein supplement, the rest of the protein being 
furnished by such feeds as tankage, meat scraps, fish meal, or milk 
products. 

High-grade cottonseed meal supplies slightly less total digestible 
nutrients than linseed meal, the 43-per-cent-protein grade of cottonseed 
meal containing 75.5 per cent total digestible nutrients, and the 41-per- 
cent grade, 73.6 per cent. 

Cottonseed meal is one of the richest feeds in phosphorus, contain- 
ing an average of 1.19 per cent for the 41-per-cent-protein grade. It 
is fair in calcium for a seed by-product, having about 0.20 per cent. 
Like other seed products, cottonseed meal lacks vitamin D, and it also 
has little or no vitamin A. 

These lacks can readily be made good by including in the ration 
a sufficient amount of well-cured legume hay or mixed hay high in 
legumes. If grass hay, such as timothy or prairie hay, is of excellent 
quality, it will supply these necessary nutritive factors, except that it 
may not furnish enough calcium, unless grown on soil rich in lime. 

Cottonseed meal tends to produce hard body fat and also milk fat 
of a high melting point. Therefore it helps to overcome the tendency 
of peanuts and soybeans to produce soft pork. If dairy cows are fed 
large amounts of cottonseed meal, the butter may be tallowy and unde- 
sirably hard. If too much cottonseed meal is fed to poultry, it will 
tend to cause the yolks to turn dark when the eggs are kept in storage. 
While cottonseed meal has been often considered slightly constipating 
in its effect, there was no such tendency in Michigan tests in which it 
was fed with legume hay.® 

582. Effects of cottonseed meal when improperly fed.— It is gener- 
ally known that cottonseed contains appreciable amounts of a substance 
called gossypol, the quantity varying considerably with various climatic 
and soil factors.* Cottonseed from Oklahoma and Texas apparently 
contains less gossypol than that from the southeastern states. 
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Investigations have shown that gossypol is definitely poisonous to 
certain species of animals if consumed in too large amounts, and that 
the tolerance of various species varies widely. Cattle are not affected 
by considerable amounts of gossypol, while swine are seriously injured 
by similar amounts. Care should also be taken that too much cotton- 
seed meal is not fed to calves, at least up to about 3 or 4 months of age. 
Horses and sheep are probably affected by smaller amounts of gossypol 
than are cattle, but they will tolerate larger proportions than swine. 

Fortunately, in the ordinary cooking of cottonseed kernels in the 
process of oil manufacture, most of the gossypol is converted into a 
substance (called d-gossypol, or bound gossypol) which has much less 
toxic properties. The same change is produced by the heating that 
occurs in the expeller-process of production of oil from cottonseed. By 
special heating of dampened cottonseed meal under steam pressure, the 
gossypol can be destroyed so completely that the product can be safely 
fed to swine in considerable amounts.® 

On account of the great importance of cottonseed, meal and cake 
for livestock feeding in this country, the use for each class of stock 
is discussed fully in Part III. The numerous experiments are there 
summarized that have been conducted to determine the value of cot- 
tonseed meal in comparison with the other common protein supplements. 

583. Cattle may safely be fed much cottonseed meal. — ^Extensive 
investigations by the Michigan, North Carolina, Oklahoma, Pennsyl- 
vania, and Texas Stations and by the United States Department of 
Agriculture have shown conclusively that cattle over 3 or 4 months 
of age may safely be fed large amounts of cottonseed meal continuously 
for long periods, if care is taken to provide sufficient high-quality hay 
or good pasturage.® Such roughage makes good the lack of vitamins 
(especially vitamin A) and of calcium in the cottonseed meal and in 
the other concentrates usually fed. 

These investigations have proved that in the case of cattle these 
deficiencies are the cause of the so-called “cottonseed-meal poisoning’’ 
which often results when stock are heavily fed on cottonseed meal com- 
bined with roughage low in vitamins and calcium. Cattle are not 
affected by the amount of gossypol usually present in cottonseed meal, 
or even in cottonseed. They remain healthy when suitable roughage 
is used, even if much larger amounts of cottonseed meal are fed than 
were formerly considered safe. 

In these trials dairy cows which were fed large amounts of cot- 
tonseed meal for long periods have maintained good milk production 
and produced healthy calves, if they were given plenty of well-cured 
legume hay or prairie hay or if they were on good pasture. Similar 
results have been secured with beef cattle. On the other hand, failure 
resulted when cottonseed meal was fed with feeds low in vitamin A, 
such as cottonseed hulls, grain straw, corn stover, sorghum fodder or 
dried beet pulp. The results were somewhat better when cottonseed 
meal was fed as the only concentrate with corn or sorghum silage than 
when the meal was fed with cottonseed hulls, but silage apparently 
does not always furnish sufficient vitamin A to protect cattle entirely 
from injury. 

Symptoms similar to the so-called “cottonseed-meal poisoning 
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were produced in some of these experiments when cattle were fed ra- 
tions low in vitamin A, but which included no cottonseed products 
whatsoever. Provided the injury on such a ration as cottonseed meal 
and hulls had not progressed too far, the animals could be cured rather 
rapidly by feeding cod-liver oil, good legume hay, or fresh green forage. 

In these experiments very large amounts of cottonseed meal have 
been fed to dairy cows with entire success when they have had plenty 
of good roughage. For example, in the Oklahoma trials cows have 
been fed continuously for three consecutive lactation periods in dry 
lot, without pasture, on only cottonseed meal and good-quality prairie 
hay, with satisfactory production and without any symptoms of injury. 
The cows consumed an average of 10.3 lbs. cottonseed meal per head 
daily over this extended period. When dried beet pulp, which is low 
in vitamin A and calcium, was substituted for the prairie hay, the 
animals developed the symptoms of “cottonseed-meal injury.” 

In the Michigan experiments calves were raised from 90 days of 
age on a ratiqu of cottonseed meal (fed as the only protein supplement), 
com grain, high-quality timothy hay, and com silage. This ration was 
fed for several years and the offspring of the original heifers were 
continued on the same ration. No bad effects were produced and the 
milk yield was normal, though large amounts of cottonseed meal were 
fed. Up to 150 days of age the calves received 0.5 lb. cottonseed meal 
per head daily, and the heifers received about 2.3 lbs. a head daily from 
6 months of age to first calving. During milk production certain cows 
were fed as much as 9 lbs. of cottonseed meal on the average for the 
entire lactation period, and as much as 17 lbs. a day were fed to a 
high-producing cow for several months. 

Some believe that the heavy feeding of cottonseed meal tends to 
cause mastitis or other udder trouble in dairy cows. In these experi- 
ments, however, no such effect was observed. 

These results, which show that with good roughage cottonseed meal 
can be safely fed to dairy cows and other cattle, except young calves, 
in large amounts and even as the only concentrate, are of especial 
■importance in the southern states. There cottonseed meal is often the 
cheapest source not only of protein but also of digestible nutrients. 
Under these conditions it is often economical to feed cottonseed meal 
as the only concentrate to dairy cows and beef cattle, or at least in 
considerably larger amounts than are needed to balance the ration in 
protein content. 

684. Cottonseed meal should be limited for other stock. For 

other stock than cattle over 3 to 4 months of age, care must be taken 
to limit the amount to that which has been proven definitely to be safe 
for the particular class of animal. Recommendations are given in the 
respective chapters of Part III for each class of stock. When it is thus 
fed, cottonseed meal is an excellent supplement for sheep, for horses 
and mules, and even for calves and swine. Swine should not receive 
more than 9 per cent of cottonseed meal in their rations. Horses and 
mules may be fed 1 to 2 lbs. of cottoTiseed meal per head daily with 
good-quality roughage. Sheep may be fed as much cottonseed meal 
as is needed to balance their rations, but should not be fed large amounts 
for extended periods. 
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585. Cottonseed feed. — In the production of cottonseed oil a cer- 
tain proportion of hulls must be included with the kernels in order to 
secure the maximum yield of oil. Occasionally a considerable propor- 
tion of hulls is left with the kernels. As has been stated before, the 
term cottonseed feed should be used instead of cottonseed meal when 
the protein content of the product is reduced below 36 per cent (for 
sale in Texas below 43 per cent). 

As is shown in Appendix Table I, cottonseed feed is not only lower 
in protein than high-grade cottonseed meal, but it is also higher in 
fiber and lower in total digestible nutrients. Cottonseed feed is some- 
times sold for but a few dollars a ton less than the best grades of 
cottonseed meal. It is therefore important to note the fiber guarantee 
for any lot of cottonseed meal or cottonseed feed. 

One can determine approximately the proportion of additional 
hulls in a sample of cottonseed feed by comparing its fiber guarantee 
with the average fiber figures shown in Appendix Table I for high- 
grade cottonseed meal and for cottonseed hulls. By appearance alone 
it is impossible to distinguish good cottonseed meal from finely ground 
cottonseed feed. Cottonseed feed may be an entirely legitimate product, 
for it is sometimes impossible to separate thoroughly the hulls of certain 
kinds of cottonseed from the kernels. However, such feed should be 
bought at a price corresponding to its actual value. 

In case of doubt as to purity, the following simple test will show 
the approximate amount of hulls present in cottonseed meal:^ 

Place a teaspoonful of the meal (do not use more) in a tumbler and pour over 
it from 1.5 to 2 ounces of hot water. Stir the mass till it is thoroughly wet and 
all the particles are floating. Allow it to settle for 5 to 10 seconds and pour off 
the liquid. If there has settled out in this time a large amount of fine, brown sedi- 
ment which is noticeably darker than the fine yellow meal and which keeps settling 
out on repeated treatments with hot water, the product is low grade. All meals 
contain small quantities of hulls and will show dark specks when thus tested, but the 
results are striking when pure meal is compared with cottonseed feed. 

686. Whole-pressed cottonseed. — At some oil mills the hulls are not removed 
from the cottonseed, but the whole seeds are processed in expeller machines. The 
by-product in this method is called whole-pressed cottonseed, or sometimes **cold- 
pressed cottonseed cake,” or “caddo cake.” It is marketed in flake form, or is ground 
and sold as ground whole-pressed cottonseed, 

Since this feed contains all the cottonseed hulls, it is much lower in protein and 
higher in fiber than cottonseed meal, and has a correspondingly lower feeding value 
per ton. It is usually guaranteed to contain 25 or 28 per cent protein and generally 
has 23 to 25 per cent fiber. 

Whole-pressed cottonseed may be fed to stock in the same manner as cottonseed 
meal.8 A safe basis for valuing this feed in comparison with cottonseed meal, 
when the guaranteed protein content of each is known, is to estimate the amount of 
cottonseed meal and of cottonseed hulls a ton of the whole-pressed cottonseed con- 
tains, and add to the value of this amount of meal the value of the hulls as roughage. 
Thus, a ton of whole-pressed cottonseed having 28 per cent protein will be about 
equal to 1,200 lbs. of 43 per cent protein cottonseed meal and 800 lbs. of cottonseed 
hulls. 

687. Cottonseed. — Commonly but little cottonseed is fed to stock, but instead 
farmers sell the seed to the oil mills and buy cottonseed meal. This is both on account 
of the value of the oil and because cottonseed meal usually gives better results as a 
stock feed. However, when the price for cottonseed is unusually low in comparison 
with that of cottonseed meal, it is an economical feed. 
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Animals fed too large amounts of cottonseed may scour badly, on account of the 
large amount of oil. In trials with dairy cows it has required 171 to 206 lbs. of 
cottonseed to equal 100 lbs. of high-grade cottonseed meal. It is sometimes difficult 
to get cows to eat the seed, unless a more palatable feed, such as ground corn or 
wheat bran, is mixed with it.9 There is no advantage in grinding cottonseed for 
cattle, and this is a difficult task in certain types of mills, due to the high oil content. 
Cottonseed has an even more marked hardening effect than cottonseed meal on the 
character of butter. 

Excellent results have been secured in recent Texas trials in which whole cotton- 
seed has been used in place of cottonseed meal as a supplement for fattening beef 
eattle.io When only enough cottonseed was fed to balance the ration, it required 
140 lbs. or less of cottonseed to equal 100 lbs. of cottonseed meal in value. The 
cottonseed replaced not only the cottonseed meal in the ration, but also, on account 
of its richness in oil, it replaced part of the grain. In earlier trials in which larger 
amounts of cottonseed were fed to fattening cattle, it had a lower value in com- 
parison with cottonseed meal.ii Not over 4 lbs. of cottonseed per head daily should 
be fed to fattening calves, due to the high oil content. 

Though cottonseed is rarely fed to sheep, fattening lambs made satisfactory 
gains in a Texas trial on a ration of 0.8 lb. milo grain, 0.4 lb. whole cottonseed, 
and 1.4 lbs. alfalfa ♦hay .12 The results were unsatisfactory on a ration of whole 
cottonseed and cottonseed hulls, due to the lack of vitamins and calcium. When 0.6 
lb. of whole cottonseed per head daily was substituted for the cottonseed cake 
and part of the sorghum grain in a ration for fattening lambs of sorghum heads, 
cottonseed cake, and alfalfa hay, each 100 lbs. of cottonseed was equal to 27 lbs. of 
cottonseed cake and 80 lbs. of sorghum heads. Even better results were secured in 
another trial when cottonseed was substituted for part of the sorghum grain in a 
ration of sorghum grain, cottonseed meal, and alfalfa hay. 

Immature cottonseed, or bolly cottonseed, is much lower in protein and fat than 
mature seed. Its feeding value is correspondingly less. 

688. Cottonseed hulls. — Cottonseed hulls are one of the important 
roughages in the South, especially for cattle, to which they are chiefly 
fed. Cottonseed hulls supply 43.7 per cent of total digestible nutrients, 
which is about as much as is furnished by late-cut grass hay or by oat 
straw. The hulls are very low in protein and practically none of it is 
digestible. As a result, they have only 0.1 per cent of digestible protein. 
The hulls are also low in calcium and phosphorus and are lacking in 
vitamins. 

To secure good results in feeding cottonseed hulls they must be 
fed so as to correct their deficiencies. The use of cottonseed hulls for 
dairy cattle, beef cattle, and sheep is discussed in detail in the chapters 
of Part III. For cattle they are about equal to fair-quality grass hay 
and are worth more per ton than com stover, sorghum stover, straw, 
or poor hay, if they are properly fed. 

Cottonseed hulls should be fed with protein-rich feeds and as only 
part of the roughage, along with good-quality legume hay or other 
forage that will supply the vitamins and the minerals in which they 
are deficient. Unless they are fed with considerable legume hay, a 
calcium supplement should be used, such as ground limestone or oyster 
shells. Also, a phosphorus supplement should be added, unless sufficient 
of this mineral is furnished by a phosphorus-rich protein supplement, 
such as cottonseed meal. 

Cottonseed hulls are usually fuzzy, due to short lint which remains 
on the seed. Sometimes this lint is removed from the seed at the oil- 
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mills for paper making and other purposes and the hulls from such 
seed are ground, being then called cottonseed hull bran. Though finely 
ground, the value of the product is not appreciably greater than that 
of ordinary hulls. 

II. Flaxseed; Linseed Meal and Cake; Other Flax By-products 

689. Flaxseed. — Flax ( Linum usitatissimum ) is grown in this coun- 
try almost entirely as a cash crop for the production of linseed oil 
from the seed. During the 10-year period, 1924-1933 inclusive, an 
average of 2,712,000 acres of flaxseed were raised, with a yield per acre 
of 6.6 bushels, weighing 56 lbs. each. Over 90 per cent of the crop 
was produced in the four leading hard-spring-wheat states — North 
Dakota, Minnesota, South Dakota, and Montana. Practically no flax 
is grown for fiber in the United States. Our flax fiber is imported 
from countries where the cost of labor is lower, for much hand labor 
is required in the retting of flax and the preparation of the fiber. 

But little flaxseed is used directly for feeding, on account of the 
value of the seed for oil production. However, ground flaxseed is 
entirely satisfactory as a protein supplement in place of linseed meal. 
Though it contains only two-thirds as much protein as linseed meal, 
it is one of the richest of feeds in total digestible nutrients. On account 
of its high oil content (which averages 36.4 per cent), it supplies more 
than 100 lbs. total digestible nutrients per 100 lbs. (including digestible 
fat multiplied by 2.25). 

In feeding experiments with fattening cattle, fattening lambs, and 
pigs ground flaxseed has usually been equal or slightly superior to 
linseed meal in feeding value.^^ If too much flaxseed is fed to pigs, 
soft pork may be produced. Ground flaxseed is sometimes used as an 
ingredient in calf meals. 

It is of interest to note that the reserve food stored in flaxseed is 
largely oil and pentosans, no starch grains being found in well-matured 
seed. Very rarely flaxseed may contain a compound which, when acted 
upon by an enzyme in the seeds, yields the poison prussic acid. This 
enzyme is destroyed by the heat to which the ground flaxseed is ordi- 
narily subjected in oil extraction. In making gruel or mash from 
untreated flaxseed, it is advisable to use boiling water and keep the 
mass hot an hour or two, to destroy any prussic-acid-forming enzyme 
in the seed. 

590. Production of linseed oil and linseed meal or cake. — In the 

production of linseed oil, the carefully-cleaned flaxseed is coarsely 
ground, heated, and then pressed in hydraulic presses, as in the “old 
process of cottonseed oil production. The linseed cake thus produced 
is commonly ground to various degrees of fineness to form linseed meal 
or nut-size or pea-size linseed cake. 

The “new process^’ of oil extraction, in which the oil is extracted 
by means of gasoline, has never been used to any considerable extent 
in this country. This was because farmers preferred the old-process 
linseed meal, for the new-process meal is not so palatable and* has less 
of a beneficial laxative effect. None of the linseed meal now made in 
the United States is produced by the “new process,’’ and therefore 
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when linseed meaP’ or ‘‘linseed oil meaP' is mentioned in this volume, 
the old-process product is meant. 

This feed is variously called linseed meal or linseed cake, and some- 
times merely oil meal or oil cake. Ground flaxseed is not called “linseed 
meaP’ in this country. The terms oil meal and oil cake should always 
mean the linseed product, unless the term is prefaced by some other 
name, as soybean oil meal, for example. 

Linseed meal or cake is sold primarily on the basis of its protein 
content, and the percentage of protein should be stated definitely in 
the trade name of the meal. For example, linseed meal ^aranteed to 
contain 34 per cent protein is called “34-per-cent-protein linseed meal.’’ 

Flaxseed grown in this country and Canada is higher in protein 
than the kind produced in Argentina, from which country much is 
imported into the United States. Linseed meal or cake from North 
American flaxseed usually contains at least 34 per cent protein and 
often more than 36 per cent, while that from well-cleaned Argentine 
seed may not have over 30 to 31 per cent. Separate averages are given 
in Appendix Table I for the various grades of linseed meal. 

591. Linseed meal and linseed cake as feeds. — In this country 
most of the linseed cake is ground to form linseed meal, and therefore 
this term will be used generally for both forms of the feed. Linseed 
meal is one of the most popular protein supplements for dairy cattle, 
beef cattle, horses, sheep, and swine. Its value and use for each of 
these classes of stock are treated in detail in the chapters of Part III. 
The importance of linseed meal and cake in the United States is shown 
by the fact that on the average over 300,000 tons are fed annually to 
our livestock. 

The popularity of linseed meal is due not only to its richness in 
protein, but even more to its palatability and to its slightly laxative 
and conditioning effects, which aid in keeping stock thrifty. Linseed 
meal produces excellent results when used as the only protein supple- 
ment in feeding dairy cattle, beef cattle, sheep, and horses. In the case 
of swine and poultry linseed meal should be used in combination with 
another protein supplement which provides protein of better quality, 
such as meat scraps, tankage, fish meal, or dairy by-products. (151) 

On account of its laxative effect, linseed meal is of especial value 
for cattle, sheep, or horses when they have little or no legume hay and 
the roughage they are fed is of rather poor quality. For dairy cattle 
linseed meal is in high regard as a protein supplement, and it is one 
of the most common ingredients in dairy rations throughout most of 
the country, except in the cotton belt. When cows have plenty of good 
roughage, cottonseed meal or gluten meal may be worth more per ton 
as protein supplements, on account of their higher protein content. 

For fattening cattle linseed meal, when used as the only protein 
supplement, has proven in numerous experiments to have a considerably 
higher value than cottonseed meal, ton for ton, even when fed with 
excellent roughage. However, a combination of half linseed meal and 
half cottonseed meal produces just as good results as does linseed meal 
alone and generally at lower cost. Differing to a surprising degree 
from the results with cattle, linseed meal has not been of higher value 
than cottonseed meal for fattening lambs, when either has been fed as 
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the only supplement. With the exception of wheat bran, linseed meal 
is the most common protein supplement in horse feeding. 

On account of the wide demand for linseed meal, it is often not 
such a cheap source of protein as some of the other protein supplements. 
It should then not be fed as the 6nly protein supplement, but should 
be combined with the cheaper sources of protein and used on account 
of its particular regulating and conditioning effects. 

692. Other flax hy-products. — Screenings oil feed is the ground product obtained 
after extraction of part of the oil by either the “old process” or the “new process” 
from the smaller, imperfect flaxseed, weed seeds, and other foreign materials having 
feeding value, separated in cleaning flaxseed. The composition and feeding value of 
this feed and also of flaxseed screenings differ quite widely. (548) 

Unscreened flaxseed oil feed calce is the product obtained by extraction of part 
of the oil from unscreened flaxseed. Depending on the proportion of screenings 
present, its value will be correspondingly lower than that of linseed meaL 

Flax plant hy-product is that portion of the flax plant remaining after the 
separation of the seed, the bast fiber, and a portion of the shives (the stems after 
the fiber is removed). It consists of flax shives, flax pods, broken and immature flax 
seeds, and the cortical tissues (bark and outer portions) of the stems. It is a 
by-product secured in the manufacture of flax fiber for rugmaking, etc., from flax 
straw. This low-grade product is used in certain cheap mixed feeds. Smith of the 
Massachusetts Station concluded that such material was not worth to the Massachu- 
setts farmer even the cost of the freight from the states where it is produccd.i^ 
593. LlBseed-meal-aud-screeniugs-oil-feed. — Sometimes the screenings are not 
removed thoroughly from the flaxseed before it is processed, or screenings oil feed 
is added to the linseed meal. Such a product should be sold definitely as linseed- 
meal-and-screenings-oil-feedf and not as linseed meal. According to the definition of 
the Association of American Feed Control Officials, linseed meal must contain less 
than 6 per cent of weed seeds and other foreign materials and no portion of the 
stated 6 per cent shall be deliberately added.* 

The percentage of protein or even of fiber in the linseed meal may not be a 
reliable indication that screenings or screenings oU feed have not been added. This 
is because some screenings contain no more fiber than pure linseed meal. If the 
linseed meal that is being produced contains 37 per cent or more of protein, as meal 
from North American flaxseed sometimes does, a limited amount of screenings can 
be added without reducing the protein content below 32 to 34 per cent or without 
increasing the fiber content appreciably. 

In purchasing linseed meal one should read carefully the name on the tag or 
sack. In the past linseed-meal-and-screenings-oil-feed has occasionally been branded 
in large letters “old-process linseed meal,” with some such statement below in much 
smaller letters as “and screenings oil feed.” These inferior products are sometimes 
sold for substantially as high a price as pure linseed meal. In certain cases they 
may contain such a large amount of bitter-tasting weed seeds that they are decidedly 
unpalatable to stock and may even produce a flavor in the milk of cows. 

III. Legume Seeds and Their By-products 

694. Soybeans. — The great and increasing importance of soybeans 
in the United States has already been pointed out in Chapter XIII, 
and their use as a forage crop is there discussed in detail. The acreage 
of soybeans harvested for seed has increased tremendously in the past 
few years. In 1935 there were grown 2,681,000 acres of soybeans, not 
including the large acreage which was raised for hay. Of this amount, 
the seed was harvested on 2,379,000 acres, the rest being used for 
pasture, for hogging down, for silage, or as a soiling crop. The average 
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yield of seed per acre for the 4-year-period, 1932-1935 inclusive, was 
15.4 bushels of 60 lbs. each. A large part of the seed produced is used 
for the making of soybean oil and soybean oil meal. 

The seeds of the soybean are the richest in protein of all the com- 
mon seeds used for feed, averaging *86.9 per cent. Moreover, soybean 
protein is of excellent quality to supplement the proteins of the cereal 
grains. Indeed, soybeans and peanuts provide proteins of distinctly 
better quality than other common seeds or the by-products from the 
seeds. They are excelled in quality of protein only by feeds of animal 
origin, such as milk products, tankage, meat scrap, and fish meal. 

In addition to their richness in excellent protein, soybeans contain 
17.2 per cent fat and are low in fiber. Therefore they furnish con- 
siderably more total digestible nutrients than the grains and other 
common concentrates, having 86.2 per cent. Soybeans are rather low 
in calcium, having only 0.20 per cent, and they contain 0.60 per cent 
phosphorus, being decidedly lower in phosphorus than the wheat by- 
products, cottonseed meal, or linseed meal. Also, like other seeds, they 
are lacking in vitamin D, and they supply no appreciable amount of 
vitamin A. Because of the high fat content of soybeans, stock some- 
times tire of them if they are fed considerable amounts for an extended 
period. 

On account of the importance of soybeans, their use and value for 
the various classes of stock are discussed in detail in Part III. It is 
there shown that soybeans are in general as satisfactory and valuable 
a protein supplement as cottonseed meal for dairy cattle, beef cattle, 
sheep, and horses. 

Unfortunately, as is discussed in detail in Chapter XXXV, when 
fattening pigs are fed a considerable amount of soybeans for any ex- 
tended period, the lard becomes so soft that the quality of the carcass 
is injured. Soybean oil meal does not have a marked effect on the 
carcass when it is fed in such amounts as are necessary to balance the 
ration, because most of the oil has been removed. As stated previously, 
soybeans do not have any appreciable effect on the carcasses of rumi- 
nants, including cattle, sheep, and goats. (222) 

It is shown in Part III that for cattle, sheep, and horses raw 
soybeans are very satisfactory as a protein supplement. On the other 
hand, the value of soybeans for swine is greatly increased by cooking.^® 
This does not, however, counteract the softening effect of soybeans on 
the carcass of swine. Cooking soybeans for swine not only increases 
the palatability, but also improves the digestibility and the utilization 
of the protein. 

Eecent Wisconsin and New York experiments show that the nutri- 
tive value of the proteins in well-cooked soybean oil meal is much 
greater for swine or poultry than that of raw soybeans or of soybean 
oil meal that has not been thoroughly cooked in the manufacturing 
process.^® The Wisconsin investigations indicate that this increase in 
nutritive value of the soybean protein through cooking is due, at least 
in part, to the heat making available cystine compounds in the soybeans. 
While uncooked soybeans furnished an inadequate amount of cystine 
to laboratory animals, cooked soybeans apparently provided an ample 
amount of this sulfur-containing amino acid. 




Pjckincj a Good Chop of Cotton 

Cotton its by far tlie most important southern crop. The cottonseed meal 
and cake which are secured in the manufacture of oil from cottonseed rank 
next in importance to the wheat by-products in value and importance among 
all the by-product concentrates used for stock feeding in this country. (Copy- 
right photograph by Underwood and Underwood.) 






Spanish Type of Peanuts 

In the South the peanut has become of great importance for stock feeding during 
recent years. Spamsh peanuts, a small-podded variety, are grown more commonly 
for ^‘hogging-down’^ than the large-podded types. (From U. S. Department of 
Agriculture.) 
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It is shown in Chapter XXXVI that well-grown pigs make fairly 
good gains on yellow corn supplemented with raw soybeans and a min- 
eral mixture. On the other hand, for young pigs, much better results 
are generally secured when soybeans are used as only part of the 
supplement, and a small amount of some supplement of animal origin 
is fed in addition. As shown in Chapter XXXVI, if brood sows eat 
too great an amount of soybeans during the latter part of the gestation 
period, injurious effects may apparently sometimes be produced on the 
litters. 

Soybeans should be ground for dairy cattle, but this is unnecessary 
for horses and sheep, and also for beef cattle if pigs follow the cattle 
to utilize the unmasticated grain and beans in the droppings. It is 
sometimes difficult to grind soybeans alone in the ordinary feed meal, 
on account of their high fat content. However, a mixture of grain and 
not over one-half soybeans is readily ground. The ground beans are 
apt to turn rancid in warm weather, and therefore should not be ground 
too long before they are fed. 

696. Soybean oil meal or cake. — The use of soybeans for the pro- 
duction of soybean oil and soybean oil meal or cake has increased 
rapidly in this country during the past few years, and this excellent 
protein supplement has become increasingly popular wuth American 
farmers. It is estimated that in 1934-35 about 218,000 tons of soybean 
oil meal were produced in the United States. In this country nearly 
all the product is used in the form of soybean oil meal, and not as the 
oil cake. 

Three different methods are employed in processing soybeans. The 
first is the hydraulic method, or so-called ‘^old process, which is 
commonly used for flaxseed and cottonseed. In this method the crushed 
seed is first cooked and then pressed in hydraulic presses to remove 
as much of the oil as possible. The second is the expeller method, in 
which the crushed seed is subjected to great pressure in machines called 
‘ ‘ expellers, ^ ’ which express most of the oil. In this process considerable 
heat develops, on account of the friction as the material passes through 
the machine under the tremendous pressure. This cooks the meal. In 
the third process, which is the solvent process, the crushed seed is 
extracted by low-boiling-point gasoline. This removes the oil much more 
completely than the first two processes. Later the gasoline is thoroughly 
removed by treatment with steam, which also cooks the feed. The 
solvent-process product is ground to form soybean oil meal or is sold 
in flake form. 

Soybean oil meal is especially rich in protein, and the protein is 
also of excellent quality. The soybean oil meal made in the com belt 
usually contains 41 to 45 per cent protein, while that from seed grown 
in the southeastern states is higher in protein, often having 48 per cent 
or more. Therefore separate averages are given in Appendix Table I 
for the meal of three grades, according to percentage of protein, as 
well as for solvent-process soybean oil meal. 

Soybean oil meal produced either by the old process or the expeller 
process usually contains 5 to 7 per cent of fat or oil, while solvent- 
process soybean oil meal may contain less than 1 per cent fat, though 
sometimes having 3 per cent. 
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Soybean oil meal is lower in fiber than cottonseed meal or linseed 
meal, containing an average of only 5.6 per cent. On account of its 
high digestibility, it supplies 82.2 lbs. total digestible nutrients per 
100 lbs., which is somewhat more than is furnished by linseed meal or 
cottonseed meal. Solvent-process soybean oil meal is slightly higher 
in protein, but is lower in fat and therefore in total digestible nutrients 
than oil meal made by the other methods from seed of the same com- 
position. 

Just as is the case with soybeans, soybean oil meal does not supply 
vitamins A and D, and it is rather low in calcium and not very rich 
in phosphorus. On the average, soybean oil meal has 0.31 per cent 
calcium and 0.66 per cent phosphorus. Minerals are added to soybean 
oil meal by one manufacturer to supply additional calcium and 
phosphorus, and the product sold under a trade name. However, 
the same results can readily be obtained with the regular soybean 
oil meal, if the recommendations with reference to mineral supple- 
ments are followed that have previously been given in Chapter VI of 
this volume. (181) 

For swine or poulti^y soybean oil meal^ that has been thoroughly 
cooked in the manufacturing process is much better than that which 
has not been heated sufficiently. (594) The results secured in swine 
feeding with well-cooked soybean oil meal and with that which has 
been insufiiciently cooked are summarized in Chapter XXXVI. In 
using soybean oil meal for cattle, sheep, and horses there is apparently 
no difference in value between well-cooked soybean oil meal and that 
which is raw-tasting. As has been stated previously, raw soybean seed 
is an excellent protein supplement for these animals. 

The taste of the product indicates in a general way whether it 
has been heated sufficiently to make it suitable for swine or poultry. 
If the soybean oil meal has a raw, ‘ ‘ beany taste, it has not been heated 
sufficiently for efficient use in feeding these classes of stock. Well- 
cooked hydraulic-process or expeller-process soybean oil meal has a 
pleasant nut-like taste and a light brownish or tan color. Solvent- 
process soybean oil meal may be decidedly lighter in color and not have 
any pronounced nut-like taste, even though it has been thoroughly cooked 
in the manufacturing process. However, such soybean oil meal will 
not have a raw, ‘‘ beany taste, if it has been well cooked. 

Soybean oil meal is an excellent protein supplement for all classes 
of stock. For dairy cows and sheep it is fully equal to linseed meal 
or cottonseed meal. For use as the only supplement in fattening cattle 
it is equal to cottonseed meal and is only excelled by linseed meal. For 
swine feeding thoroughly-cooked soybean oil meal is excellent when 
properly fed. On account of the importance of soybean oil meal, its 
value and use for each class of stock are discussed at length in the 
respective chapters of Part III. 

596. Other soybean by-products. — With the increasing use of soy- 
bean products for human food, it is probable that there will come on 
the market soybean by-products of various kinds which contain varying 
proportions of the soybean hulls (the outside coat of the seed). The 
fiber guarantee of any such product will indicate whether it resembles 
soybeans or soybean oil meal in composition, or whether it is largely 
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composed of hulls. This is because the whole seed is low in fiber, having 
an average of only 4.5 per cent. 

A by-product called ‘‘soya grits'' which, according to the statement 
of the manufacturers, has over 20 per cent fiber, has recently come to 
the attention of the author. Judging from the fiber content and from 
the appearance of the feed, this by-product contains a large proportion 
of soybean hulls, and is therefore considerably lower in feeding value 
than soybeans or soybean oil meal. 

697. Peanuts. — The peanut, or earth nut (Arachis hypogaea), some- 
times called “goober" in the South, is one of the important southern 
crops. Peanuts are grown chiefly for human consumption as peanuts, 
peanut butter, or peanut oil. However, a considerable part is hogged 
down by swine, as is discussed in Chapter XXXVI. After a crop of 
nuts has been harvested, pigs are also often turned in to clean up any 
nuts left in the ground, or which have shattered from the vines. When 
used for hogging down, the peanuts are often grown in combination 
with com. 

During the 10-year period, 1925-34, an average of 1,939,900 acres 
of peanuts were grown in the United States (including those raised in 
com, reduced to their equivalent solid acreage of peanuts). Of this 
total, an average of 1,260,500 acres were harvested, and the remainder 
were hogged down. The average yield for this period was 664 lbs. of 
nuts per acre. Of the harvested nuts, only the small proportion of cull 
nuts is generally fed to stock. The use and value of the “peanut hay," 
which remains after the nuts are picked from the cured vines, have 
been discussed in Chapter XIII. 

Peanuts, including the shells, contain an average of 24.9 per cent 
protein, 36.2 per cent fat or oil, and 17.5 per cent fiber. Though they 
are high in fiber, they furnish the high amount of 103.5 lbs. of total 
digestible nutrients per 100 lbs., on account of the large amount of fat. 
(73) When available, ground peanuts may be used as a protein sup- 
plement for the various classes of stock. As is pointed out in Chapter 
XXXVI, peanuts produce soft pork when they form any considerable 
part of the ration of pigs. It is somewhat surprising that recent 
Georgia experiments have shown that they do not have any appreciable 
effect upon the character of fat in beef cattle. (222) 

Peanuts furnish a good quality of protein, but they are deficient 
in vitamins A and D, are low in calcium, and are not very rich in 
phosphorus. In North Carolina experiments pigs in dry lot made good 
gains when fed only shelled peanuts, with alfalfa hay and a mineral 
mixture to supply the lacking vitamins and calcium.^^ On exposure 
to the air, shelled peanuts soon become rancid. 

598. Peanut oil meal or cake; unhuUed peanut oil feed. — ^In the production of 
oil from peanuts the nuts may be first shelled, or hulled, or the entire peanuts may 
be ground and the oil expressed or extracted. 

The terms peanut oil meal and peanut oil calce should be used only for the 
products from well-hulled kernels. According to the definitions adopted by the 
American Association of Feed Control Officials, the term unhulled peanut oil feed 
should be used for the ground residue obtained after the extraction of part of the 
oil from whole peanuts (including the shells), and the ingredients must be designated 
as peanut oil meal and peanut hulls.2 This product is often called “whole-pressed 
peanuts.’’ 
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Only a relatively small amount of peanut oil meal is produced in the United 
States, as no large proportion of the peanut crop is used for the production of oil. 
According to the Census, in 1929 only 11,618 tons of peanut oil meal and cake were 
produced in this country. 

Peanut oil meal of the best grade contains 45 per cent or more of protein and 
an average of 8.6 per cent fat, with only 9.2 per cent fiber. Such peanut oil meal 
has 83.5 lbs. total digestible nutrients per 100 lbs., thus slightly excelling the best 
grade of cottonseed meal in content of both protein and total digestible nutrients. 
Peanut oil meal made by the solvent process is lower in fat and total digestible 
nutrients and higher in protein than when a pressure process is used. 

Unhulled peanut oil feed has an average of 33.2 per cent protein, 8.7 per cent 
fat, and 17.7 per cent fiber, and supplies 73.1 lbs. total digestible nutrients per 100 
lbs. It therefore has 73 per cent as much protein and 88 per cent as much total 
digestible nutrients as the best grade of peanut oil meal. The value of peanut oil 
meal made from peanuts that are only partially hulled will depend on the proportion 
of hulls present. This can be estimated from the fiber content. 

Peanut oil meal is one of the best protein supplements for livestock feeding. 
This is not only due to its richness in protein and total digestible nutrients, but also 
because it is well liked by stock and because the protein is of especially high quality. 
(160) Peanut 6il aneal from well-hulled nuts is fully equal to linseed meal, cot- 
tonseed meal, or soybean oil meal in feeding value for the various classes of stock. 
It is most commonly fed to dairy cattle and is a very popular feed for milk cows 
in sections where it is available.is Peanut oil meal is somewhat laxative and if high 
in fat even may be undesirably so, when forming more than one-fourth of the con- 
centrate mixture. It furnishes protein of excellent quality for milk production, even 
slightly excelling cottonseed meal or soybean oil meal in this respect in Virginia 
experiments.!® 

Peanut oil feed from partially hulled nuts, containing 38 per cent crude protein 
and 11 per cent fiber, was not quite so valuable as cottonseed meal containing 42 per 
cent protein in a Texas trial with dairy cows.20 

Peanut oil meal and unhulled peanut oil feed are likewise excellent protein sup- 
plements for beef cattle and sheep. In Texas trials with fattening cattle peanut 
oil meal containing 52 per cent protein was slightly superior in feeding value to 
cottonseed meal containing 45 per cent protein .21 On the other hand, unhulled 
peanut oil feed having 36 per cent protein and 22 per cent fiber was slightly less 
valuable than whole-pressed cottonseed. For fattening lambs peanut oil meal has 
been similar to linseed meal or cottonseed meal in value .22 

Peanut oil meal from well-hulled nuts is one of the best protein supplements of 
plant origin for swine feeding, being approximately equal to soybean oil meal. Be- 
cause it lacks vitamins A and D and is low in calcium, care should be taken to 
include in the ration other supplements that will make good these lacks. 

Well-grown pigs or pigs on pasture will make good gains when fed corn supple- 
mented by only peanut oil meal or unhulled peanut oil feed, with ground limestone 
or some other calcium supplement in addition. South Carolina experiments show 
that for young pigs in dry lot it is best to combine the peanut products with tankage,, 
meat scraps, or fish meal, in order to furnish protein of optimum quality.®® In 
these tests pigs weighing 75 lbs. or less at the start gained an average of only 1.28 
lbs. per head daily when fed yellow corn, peanut oil feed, and a mineral mixture 
in dry lots. Others fed fish meal in place of peanut oil feed gained 1.87 lbs. per 
head daily and required less feed per 100 lbs. gain. A mixture of one-half peanut 
oil feed and one-half fish meal produced practically as rapid gains as fish meal alone. 
When fed in this combination, the peanut oil feed, which contained 32 to 40 per 
cent protein and 13 to 15 per cent fiber, was worth 78 per cent as much as fish meal. 

In 4 trials at the Arkansas, Iowa, Ohio, and Texas Stations pigs fed peanut 
oil meal and corn gained as muc|i as others fed tankage and corn.24 They required 
343 lbs. corn and 68 lbs. peanut oil meal for 100 lbs. gain, while the pigs fed 
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tankage required 391 lbs. corn and 35 lbs. tankage. Good results were secured in 
dry lot feeding of well-grown pigs as well as with pigs on pasture, and both in 
self -feeding and in hand-feeding. In these trials 100 lbs. peanut meal was eqdal in 
feeding value to 71 lbs. grain plus 52 lbs. tankage. 

The value of peanut oil feed, made from unhulled peanuts or partially hulled 
nuts, will depend chiefly on the amount of crude protein it contains in comparison 
with peanut oil meal from hulled nuts. In 3 trials at the Kansas, Mississippi, and 
Texas Stations in which peanut oil feed has been compared with tankage as a 
supplement to corn or milo, 100 lbs. of peanut oil feed has been worth as much as 
46 lbs. grain plus 37 lbs. tankage.25 As will be noted, this is much lower than the 
Talue of peanut oil meal from hulled nuts, given in the preceding paragraph. 

599. Peanut hulls. — Peanut hulls, or shells, are a by-product at the factories 
making peanut butter, shelled peanuts, or peanut oil from shelled nuts. Commercial 
peanut hulls usually contain fragments of kernels and therefore have a little more 
protein and fat than the pure hulls. However, even such hulls are too low in nutrients 
to warrant their use for stock feeding. They are over one-half fiber and are much 
less nutritious than straw. Occasionally they are ground and used as an adulterant 
in low-grade mixed feeds. 

600. Peanut skins. — Peanut skins are the by-product consisting of the thin 
Ted-brown covering of the kernels, together with more or less of the germs and 
broken bits of the kernels. Peanut skins have an average of 15.9 per cent protein, 
22.4 per cent fat, and 10.6 per cent fiber. They are used chiefly in certain mixed 
feeds. They are rather bitter in taste and are therefore mixed in small proportions 
with better-liked feeds. 

601. Peas (Pisum arvense ). — Field peas and also varieties of peas 
grown for human food are raised chiefly in the northern-most states, 
in Canada, and in certain sections of the West where the climate is cool. 
They do not thrive unless the spring and summer temperatures are 
moderate. Field peas do not usually yield over 15 to 20 bushels of 60 lbs. 
each per acre. Because of this low yield, fleld peas are not commonly 
raised to produce seed for stock feeding, but they are grown chiefly for 
forage or for seed peas. 

As has been pointed out in Chapter XIII, peas are often grown 
with oats or barley for hay, pasture, or silage. Also field peas are 
raised extensively in certain mountain valleys of the West and the 
€ntire crop harvested by lambs or hogs which are grazed on it. Some- 
times a combination of barley, oats, and field peas is grown for grain 
in the northern states. 

Field peas are relished by stock and are an excellent feed, when 
they are not too high in price. Cull peas that are not satisfactory for 
seed or for human consumption may be nearly equal to good-quality peas 
in feeding value. Peas have nearly as much protein as com gluten 
feed and furnish slightly more total digestible nutrients. The seed of 
green varieties equals yellow corn in content of vitamin A, and even 
yellow varieties have an appreciable amount. Peas are lacking in vita- 
min D, and they are low in calcium. Also, their protein does not 
apparently supplement very effectively the protein of the grains in 
swine feeding. 

Experienced shepherds esteem field peas for fattening sheep for 
shows, because they produce firm flesh. Of several concentrate mix- 
tures tested at the Wisconsin Station for fitting yearling wethers for 
shows, the best results in finish of lambs and firmness of flesh were 
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secured with, a mixture of peas, oats, and bran.*® In 2 Idaho trials 
fattening lambs fed a mixture of 20 lbs. cull field peas and 80 lbs. 
barley with alfalfa hay gained slightly more than others fed only barley 
and hay, and 100 lbs. of peas were equal in value to 69 lbs. barley plus 
103 lbs. hay.** Ground cull peas had a still higher value for fattening 
cattle in Montana trials, when forming 20 per cent of the concentrate 
mixture.*® 

Peas are satisfactory as the only protein supplement for pigs on 
good pasture,*® but they should not be thus used for swine not on 
pasture. In experiments by the Idaho, Montana, and Washington Sta- 
tions pigs not on pasture made more rapid gains and remained more 
thrifty when they were fed alfalfa hay in addition to grain and peas.®" 
However, the results are still better when an efficient protein supple- 
ment, like tankage or fishmeal, is also fed. Unsatisfactory litters re- 
sulted when brood sows were fed peas alone during the winter in an 
Idaho trial, but thrifty litters were produced by sows fed grain, peas, 
and plenty -of alfalfa hay.®^ Pigs fed only peas or peas and grain for 
extended periods when not on pasture are apt to suffer severely from 
Tickets.®* 

602. Pea feed. — ^Pea feed is the by-product from the manufacture of split peas 
for human food. It consists chiefly of shrunken, broken, or otherwise damaged peas, 
together with the pea hulls (or bran) and meal made up of the germs and broken 
particles from the seed. Pea feed varies considerably in composition and often con- 
tains 25 per cent fiber. However, the fiber seems to be highly digestible and there- 
fore the content of total digestible nutrients is greater than would be expected from 
the chemical composition.^ When fed to dairy cows as part of a suitable concentrate 
mixture, pea feed was worth about one-half as much per ton as linseed meal in Idaho 
tests.84 In a similar Washington trial 100 lbs. of pea feed was worth as much as 
80 lbs. of wheat bran plus 20 lbs. linseed meal.ss 

603. Oowpeas. — The use of the cowpea (Vigna sinensis) for forage hsus already 
been discussed in Chapter XIII. The seeds of cowpeas ripen unevenly, and therefore 
when the crop is grown for seed it is necessary to pick the pods by hand as they 
ripen, or else the plants are cut when about three-fourths of the pods are ripe, and 
before the first ones are shattered or damaged. For this reason cowpeas are used 
mostly for forage or for the production of seed for human food. 

In composition, cowpea seed is similar to field-pea seed. Cowpeas furnish pro- 
tein of fair quality to supplement the cereal grains and they are richer than the 
common grains, except yellow corn, in vitamin A. Cowpea seed may be used satis- 
factorily as a protein supplement in feeding cattle, sheep, horses, or swine. However, 
for swine feeding they had best be fed in combination with some other supplement 
/which furnishes better-quality protein.86 (160) 

604. Field and other beans; cull beans. — Several varieties of beans (Phaseolus, 
epp.) are raised in this country for human food. These include the ordinary field or 
navy beans, the lima beans, the kidney beans, and the pinto beans and tepary beans 
of the Southwest. All of these varieties have the same general composition and 
feeding value. 

In amount of total protein and other nutrients these beans closely resemble field 
peas... However, their feeding value is much lower. These beans are not very palata- 
ble to stock; their digestibility is not high when they are fed raw, especially to 
ewine; and their proteins are not of good quality, (150) Due to these facts, their 
feeding value is less than would be expected from the chemical analysis. 

The cull heans which are sorted out from the first-quality dry beans can be used 
satisfactorily for stock feeding, '^f due attention is paid to their limitations. Such 
cull beans include not only discolored and shrunken beans and broken beans, but also 
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more or less of such waste as broken bits of stems, small stones, and dirt. Sheep 
are well suited to disposing of cull beans, for they will sort out the beans from the 
trash. If the cull beans do not contain too large a proportion of such waste material, 
they can also be fed in limited amounts to other stock. 

Ground cull beans can be fed to dairy cows as a substitute for other protein 
supplements, when forming not over about one-fifth of the concentrate mixture. 
However, in Michigan trials, unless they were mixed with very palatable feeds, such 
as ground corn, ground oats, and linseed meal, there was difficulty in getting cows 
to clean up the feed.37 When thus used, the ground cull beans were worth about 
one-half as much per ton as cottonseed meal. Larger amounts of cooked beans can 
be fed to cows, but cooking involves considerable expense. 

In an Idaho trial with fattening steers satisfactory results were secured when 
cull beans formed 16 per cent of the grain mixture, but in a Montana trial poor 
results were secured when 26 per cent of beans were included in the grain mixture 
for fattening steers.^s 

Whole cull beans are satisfactory for fattening lambs, if they form not more 
than 20 to 25 per cent of the grain mixture. A larger amount is apt to cause serious 
scouring and may be unpalatable. In 9 trials fattening lambs fed such a mixture 
of cull beans and barley with alfalfa hay for roughage gained about as rapidly as 
others fed barley and alfalfa hay, but they required somewhat more concentrates and 
hay per 100 lbs. gain.39 On the average, 100 lbs, of cull beans equalled in value 
88 lbs. barley minus 12 lbs. alfalfa hay. With grain at twice as high a price per 
ton as hay, cull beans were worth 82 per cent as much as barley. 

In 4 trials lambs fed cull beans as the only concentrate gained only 0.25 lb. 
daily on the average, in comparison with 0.29 lb. for others fed ccrn or barley, and 
required considerably more concentrates and hay per 100 lbs. gain.^o in these trials 
cull beans were worth only 74 per cent as much as grain, without considering the 
less rapid gain. 

Cull beans are satisfactory for swine when thoroughly cooked and fed witlk grain, 
and preferably with an efficient protein supplement. It has been shown in Michigan 
experiments that much better results are secured when pigs are fed tankage, fishmeal, 
or some other efficient protein supplement in addition to beans and grain.*i Pigs 
fed 2 parts of cull beans, cooked before feeding, and 1 part corn, by weight, along 
with tankage, alfalfa hay, and a mineral mixture, gained 1.4 lbs. per head daily. 
Others fed corn and the same supplements gained 1.7 lbs. per head daily. The cidl 
beans were worth 89 per cent as much per 100 lbs. as corn, not considering the 
difference in rate of gain. 

605. Velvet beans; ground velvet bean and pod. — Since the usefulness of vel- 
vet beans (Stizolohmm spp.) in the South is chiefly for forage, the general discussion 
of the crop is given in Chapter XIII. Commonly velvet beans are grown with corn 
to support the vines, and most of the ears of corn and some of the beans are 
gathered by hand. Stock is then turned in to graze the field. 

Velvet beans are usually fed in the pod, either in whole form or ground to make 
ground velvet hean and pod, also called velvet bean feed. The former term is pre- 
ferred by the Association of American Peed Control Officials.2 The name velvet bean 
meal, sometimes used for this product, should be given only to the ground velvet 
bean seed, containing only an unavoidable trace of pods. 

Velvet beans in the pod contain 18.1 per cent protein and 13,0 per cent fiber, 
thus being slightly higher in protein but also higher in fiber than wheat bran. They 
supply slightly less than one-half as much protein as the best grades of cottonseed 
meal, but furnish nearly as much total digestible nutrients. 

Though velvet beans in the pod or the ground beans and pods are not very 
palatable, they can be used satisfactorily for dairy cows, beef cattle, or sheep when 
not forming too large a part of the ration. When too much is fed, they may be 
unduly laxative. The dry beans in the pod are satisfactory for fattening cattle, and 
it does not pay to soak or grind them.^2 However, for dairy cows the value is 
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increased considerably by grinding.-*3 If this cannot be done^ the beans and pods 
should be soaked for 24 hours before feeding, to soften them. 

Velvet beans in the pod have been satisfactory for fattening cattle, when used 
as a protein supplement or when fed as the entire concentrate, along with suitable 
roughage.^* In the latter case the gains are usually somewhat less than on a com^ 
bination of corn and cottonseed meal. For fattening cattle velvet beans in the pod 
are worth one-half or nearly one-half as much per ton as cottonseed meal. In an 
Iowa trial velvet bean feed (ground velvet beans and pods), containing 17 per cent 
crude protein and 14 per cent fiber, was worth 60 per cent as much per ton as linseed 
meal.45 

With dairy cows the best results are secured when ground velvet beans and pods 
do not form more than 40 per cent of the concentrate mixture, the rest consisting 
of better-liked feeds. Thus fed, this feed, on the average, has been about equal to 
wheat bran and has been worth about one-half as much as cottonseed meal.^e Ground 
velvet bean meal (without the pods) has a somewhat greater value, as it is higher 
in protein and total digestible nutrients.^^ 

While velvet beans usually give good results with cattle and sheep, even when 
fed in considerable amounts, they are generally very unsatisfactory for swine (either 
brood sows or growing and fattening pigs) when forming any considerable part of 
the ration.-^a This h^s been the case, no matter whether the beans have been fed 
shelled, ground, or as ground velvet bean and pods. The velvet beans even cause 
severe vomiting and diarrhea. 

The poor results seem to be caused largely by a substance that is poisonous to 
swine, and also by the poor quality of the protein in the beans.**® The toxicity is 
lessened by cooking and the beans are made more digestible, but this does not 
generally make them satisfactory for swine. Pigs will not do well when following 
steers heavily fed on velvet beans, unless the pigs get considerable other feed. When 
velvet beans do not form more than one-fourth the ration for swine and an efficient 
proteiif supplement like tankage or fish meal is included, fair results may be secured.^® 
Even velvet bean pasture cannot be recommended for swine. 

It is of interest to note that the same condition is true with velvet beans, cotton- 
seed meal, and scabby barley. These feeds can all be fed in large amounts to cattle 
or sheep, but they are poisonous to swine when forming any large part of the ration. 
Possibly the toxic substances are largely destroyed in the case of the ruminants by 
the fermentations in the paunch. 

606. Other legume seeds^ — The horse J?ean (Vida faha) is used in England for 
feeding stock, especially horses. This legume grows fairly well in some parts of 
Canada, but has never proved a success in the United States, except in the central 
coast district of California.oi Horse bean seeds are similar in composition to field 
peas. 

Alfalfa seed screenings consist chiefly of the shriveled or light-weight alfalfa 
seeds removed in cleaning alfalfa seed, along with varying amounts of weed seeds, 
bits of alfalfa leaves and stems, etc. Screenings that contain but little low-grade 
material have an average of 31.1 per cent protein, 9.9 per cent fat, and 11.1 per 
cent fiber. 

The screenings should be finely ground before feeding, to make them more 
digestible and to prevent infestation of the land with weeds. They are not very 
palatable to stock, but a limited amount can be satisfactorily included in a mixture 
of betterdiked feeds. When forming one-quarter of the concentrate mixture for dairy 
cows in Idaho trials, each 100 lbs. of ground alfalfa-seed screenings replaced 57 lbs. 
of linsect^ nieal and 42 lbs. of barley and wheat bran .62 

Sweet-dlover screenings are generally lower in protein and higher in fiber than 
alfalfa-seed screenings, and vary rather widely in composition. North Dakota tests 
show that the ground screenings may be used as part of the concentrates for stock 
in the same manner as alfalfa-seed screenings, a good grade being equal or superior 
to wheat bran in feeding value.ss 
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Bed-clover-seed screenings closely resemble alfalfa-seed screenings in composition. 

Caroh beans (Ceratonia siliqua), or St. John^s bread, are produced by a legume 
tree grown chiefly in Mediterranean districts. The seeds are imbedded in a thick, 
fleshy pod, rich in sugars, which forms about 89 per cent of the fruit.54 The ground 
pods and seeds form carob-bean meal, which is used chiefly in certain mixed feeds, 
especially calf meals. It contains only 5.5 per cent protein, thus differing from 
most legume seeds. In a California test crushed carob beans and pods were equal 
to ground barley as part of the ration for dairy calves.ss 

The mesquite and tornillo are large leguminous shrubs or small trees common in 
certain sections of the southwestern states. Often these produce abundant crops of 
pods which are eaten by stock when they fall to the ground. The seeds are so small 
and hard that they largely escape digestion, unless the pods and seeds are ground 
finely. This is difficult, due to the high sugar content of the pods. 

In New Mexico trials with sheep and pigs the value of mesquite and tornillo 
pods and beans varied widely, but on the average they were worth only about 40 
per cent as much as grain.se 

Chick peas (Cicer arietinum), also called gram, are grown over an extensive area 
from India to southern Europe and* northern Africa for human food and also for 
stock feeding. Chick peas resemble field peas in composition, but are slightly lower 
in protein and somewhat higher in fat. 

The pigeon pea (Cajanus indicus), a perennial legume of tropical and subtropical 
countries, has been an important food plant in India for centuries and is widely 
grown in other countries. The seed is commonly used for human food, but the straw 
left after the seed is threshed is fed to stock. In Hawaii pigeon peas become shrubs 
5 to 10 feet tall and make excellent pasture and also the young growth is used as a 
soiling crop.57 

IV. Miscellaneous Seeds and Their By-products 

607. Coconut oil meal or cake; coconuts. — Coconut oil meal or 

cake (also called ‘‘copra oil mear’) is the by-product from the produc- 
tion of coconut oil from copra, the dried meats from the nuts of the 
coconut palm (Cocos nucifera). Coconut oil meal is usually made by 
the hydraulic process (the so-called “old process^’) or by the expeller 
process. Such meal contains an average of 8.2 per cent fat, while meal 
from the solvent process has only 2.4 per cent fat. 

Coconut oil meal of a good grade should be whitish or very light 
brown in color. Too high a temperature in the process of expressing 
the oil will result in a dark oil meal, which has a lower value. Thus, 
in such coconut oil meal the digestibility of the protein is considerably 
decreased. Trouble was formerly experienced from coconut oil meal 
turning rancid in warm weather, but it now usually has a sufficiently 
low moisture content to keep satisfactorily in storage. 

Coconut oil meal contains somewhat more protein than wheat bran 
and somewhat less than corn gluten feed, the old-process oil meal having 
20.8 per cent protein on the average. The protein is of better quality 
than that in com or com gluten feed, but is not of such high quality 
as that of soybeans or peanuts. Therefore coconut oil meal should not 
be fed as the only protein supplement to grain for swine not on pasture 
or for poultry. Some such protein supplement as meat scrap, tankage, 
or fish meal should be fed in addition. 

In the United States coconut oil meal is fed mostly to dairy cows, 
for which purpose it gives excellent results. In a Massachusetts ex- 
periment it was about equal to corn gluten feed for milk production.®* 
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Coconut oil meal supplies nearly as much digestible protein as a mix- 
ture of one-half grain and one-half linseed meal or cottonseed meal, 
and it was fully equal to such a mixture in an Ohio trial, when forming 
30 per cent of the concentrate mixture.®® 

Claims are made that coconut oil meal will increase the percentage 
of fat in the milk of dairy cows. This question is of especial interest, 
since coconut fat resembles butter fat in containing appreciable amounts 
of certain of the simpler fatty acids. It is shown in Chapter XXIV, 
where the influence of feeds upon the fat content of milk is discussed 
in detail, that a feed such as old-process coconut oil meal, which con- 
tains considerable fat, often causes a temporary increase in the per- 
centage of fat in milk. Sometimes the feeding of coconut oil meal may 
cause a very slight increase in the fat content of milk over a considerable 
period. (832) 

A limited amount of coconut oil meal produces Arm butter of ex- 
cellent quality, but when more than 3 or 4 lbs. of pressure-process 
coconut oil .meal are fed, the butter may be too hard. 

In California, experiments coconut oil meal was found to be a 
desirable protein supplement for fattening lambs which were fed barley 
and alfalfa hay.^® It was also satisfactory as a protein supplement 
for fattening cattle, or as a substitute for part of the grain, being worth 
about as much as barley for the latter purpose.®' It was used success- 
fully in an experiment by the Guam Station as a substitute for one-third 
to one-half the oats ordinarily fed work horses.®® 

For swine feeding, coconut oil meal may be used in place of such 
feeds as wheat middlings or linseed meal, but, like these feeds, it doe& 
not generally produce good results when fed to young pigs not on 
pasture as the only supplement for grain.®^ On the other hand, it 
produced satisfactory results in a California test when fed with barley 
to pigs on good pasture.®^ Also, in a Delaware trial pigs weighing 
150 lbs. at the start made good gains when fed only corn and coconut 
meal,®® 

If coconut oil meal is cheaper in price than grain, it may be used 
as a substitute for part of the grain in swine feeding, being worth 
about as much per 100 lbs. as ground barley when fed in limited 
amounts.®® The ration may be too laxative if pigs on alfalfa pasture 
are fed more than 1 lb. of coconut oil meal to each 3 or 4 lbs. of barley. 

Coconuts were used successfully in Guam tests for feeding growing 
pigs and brood sows on pasture.®' As the coconut meats contain 60 to 
70 per cent fat, on the dry basis, the energy value is correspondingly 
high. 

60B. Palm-kemel oil cake or meal. — ^Palm-kernel oil cake or meal is the by- 
product from the production of oil from the seed kernels of certain oil palms (Elaeis, 
spp.). It varies considerably in composition, especially in fiber content. Palm-kernel 
oil meal of the best grade contains slightly more protein than wheat bran and is 
also higher in fat, if made by the “old process.” Though it is somewhat higher than 
bran, in fiber, it supplies slightly more total digestible nutrients, due to the greater 
fat content. Solvent-process palm-kernel oil meal usually has less than 4 per cent fat. 

Palm-kernel oil cake and meal are well-liked by stock and keep well in storage, 
and as a result they are popular feeds in Europe, where most of the product is used. 
Palm-kernel oil meal and cake are fed chiefly to dairy cows. It is shown in Chapter 
XXrV that although these feeds may cause a temporary increase in the fat content 
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of milk, there is generally no important permanent effect upon the richness of milk 
when they are added to a good dairy ration. (832) 

In a Kentucky trial solvent-process palm-kernel oil meal was about equal to wheat 
bran for feeding dairy cows, when used as a partial substitute for bran.«8 Palm- 
kernel oil meal tends to produce hard fat when fed to stock, and thus makes firm 
butter and pork of good quality. It is not very palatable to pigs and should not 
form more than one-fifth of their ration.69 

609. Sesame oil meal or cake. — This protein-rich oil meal or cake is the 
by-product in the production of oil from sesame seed (Sesamum, spp.), which is raised 
in India and other tropical countries. Sesame oil meal contains nearly as much 
protein as high-grade cottonseed meal, averaging 39.6 per cent. It is also high in 
calcium and phosphorus and supplies protein of good quality. 

This oil meal is well-liked by stock, keeps well in storage, and is highly regarded 
in Europe. It is satisfactory for all classes of stock, but too large amounts produce 
soft pork and butter. In a California test sesame oil meal was an excellent protein 
supplement for fattening lambs fed barley and Sudan-grass hay.^o 

610. Sunflower seed; sunflower-seed oil cake. — A considerable acreage of sun- 
flowers (Helianth/as anmis) is raised in certain sections of Russia for seed. This is 
used chiefly for human food, either as sunflower-seed oil or in the form of the hulled 
seeds. As has been pointed out in Chapter XVI, sunflowers are grown to a limited 
extent in this country for silage or as a green soiling crop in localities where the 
climate is too cool for corn. 

Only a very small acreage is raised here for seed, a part of which is used in 
poultry and bird feeds. Other crops produce much larger yields of feed per acre. 

The sunflower-seed oil cake, resulting from expressing oil from the seed, contains 
nearly as much protein as linseed meal and somewhat more fat, if made from well- 
hulled seed, but it is higher in fiber. This oil cake is well-liked by stock and keeps 
well in storage. It is a popular feed in Europe for all classes of stock, especially 
dairy cows.^i It is said to resemble linseed meal in its favorable effect on stocL 
Duo to the character of the oil it contains, sunflower-seed cake tends to produce soft 
pork, and it also makes the butter soft, if fed in large amounts to dairy cows. 

611. Rubber seed pieaL — This by-product (also called Para rubber meal) from 
the manufacture of oil from the seed of the Para rubber tree (Hevea brasUiensis) 
is occasionally found on the United States markets. Rubber seed meal is a dry, 
rather powdery meal which is not very palatable when fed alone. It should therefore 
be mixed with well-liked feeds. In a Virginia trial cows were fed 5 lbs. per head 
daily of either rubber seed meal or linseed meal, with alfalfa hay and corn silage.72 
The rubber seed meal gave as good results as the linseed meal in this ration, which 
supplied somewhat more protein than was required by the cows. In tests in England 
it was fed satisfactorily to milk cows and fattening cattle, but a few sheep refused 
to eat it, even when mixed with other feeds.^s 

612. Cocoa meal; cocoa shells. — In the manufacture of chocolate and cocoa 
from the beans of the cacao tree (Theobroma cacao), the beans are first roasted and 
the cocoa shells, which form about 12 per cent of the weight, are removed. The beans 
are then ground very finely, and a portion of the semi-liquid mass is pressed to 
remove part of the fat, which is called cocoa butter. The residue, after hardening 
and grinding, forms the cocoa that is used as a beverage. Chocolate is made by 
enriching the ground beans with a certain percentage of cocoa butter. 

On account of the large demand for chocolate in confections and other food, 
more cocoa must often be produced than can be sold for human use. This may then 
be offered for sale rfs a stock feed under the name of cocoa meal, but it has an 
exceedingly low value for feeding. 

Experiments by the Vermont Station show definitely that cocoa meal not only 
has a very low digestibility, but also it tends to depress the digestibility of the 
other feeds in a ration.74 A concentrate mixture containing only 15 per cent of cocoa 
meal was unpalatable to dairy calves, heifers, and cows, and also to swine. 
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Such a mixture tended to produce scours in calves, and cows in milk would not 
consume enough of the mixture to meet their needs. In addition the cocoa meal 
decreased the milk yield of cows, though slightly increasing the fat percentage. These 
effects are apparently due to the alkaloids (theobromine and caffein) which the 
cocoa meal contains. In view of these results, cocoa meal is not an economical feed, 
even when seemingly cheap in price. 

Cocoa shells consist of the hard outside coating of the cocoa bean. These shells, 
which are dark brown and brittle, are used in a few mixed feeds. Only 11 per cent 
of the crude protein in this material is digestible, on the average. In studies at the 
Massachusetts Station cocoa shells were considered to be worth not more than half 
as much as corn meal.75 

613. Vegetable ivory meal. — ^Ivory nuts, or vegetable ivory, the nuts of the 
ivory palm (Phytelephas macrocarpa), are manufactured into buttons and the residue 
is ground finely to form ivory-nut meal. This consists chiefly of mannan, one of the 
less common carbohydrates. In studies at the Massachusetts Station this material 
was found to be fairly digestible.76 It supplies about as much total digestible 
nutrients as barley grain, but contains only 0.8 per cent digestible protein. 

614:. Bape^seed oil meal. — Bape-seed oil meal, or colza oil meal, is the by- 
product resulting in the production of oil from various kinds of rape seed (Brassica, 
spp.). It contains an average of 34.8 per cent protein, 5.1 per cent fat, and 11.7 
per cent fiber. Experience in feeding rape-seed oil meal in Germany, where it has 
long been used for stock, shows that it must be very carefully fed to avoid injurious 
results. 

Rape-seed oil meal contains varying amounts of glucosides, from which mustard 
oils may be formed in the digestive tracts of animals under certain conditions. The 
mustard oils are irritating to the digestive system and produce serious results when 
present in appreciable amounts. Though as much as 5 lbs. per head daily have been 
fed to cattle without injury, in other cases 3 lbs. have produced bad results. It is 
therefore safer to feed no more than 2 lbs. per head daily to cattle and corresponding 
amounts to other stock. Caution is especially necessary in feeding rape-seed meal to 
young animals or to those which are pregnant. 

On account of its sharp, bitter taste rape-seed oil meal is often not liked by 
stock, especially at first. It should therefore bo mixed with better-liked feeds. 

616w Hemp-seed oil meal. — Hemp-seed oil meal is the by-product in producing 
oil from the seed of hemp (Cannahis sativa). It contains 31 per cent protein, but 
it is high in fiber and it furnishes less total digestible nutrients than good legume 
hay. Recent California experiments show that hemp-seed oil meal is not palatable to 
fitock.77 It should therefore be mixed with better-liked feeds. 

German authorities state that hemp-seed oil meal may contain narcotic substances 
which may have injurious effects on stock when any large amount is fed. They recom- 
mend that dairy cows not be fed more than 1.1 lbs. of hemp-seed oil meal per head 
daily; horses and beef cattle not more than 3 lbs. per head daily; and sheep not more 
than 0.25 lb. per head daily. 


QUESTIONS 

1 . Deseribe the process of expressing oil from cottonseed and state what by-products 

are uaually obtained. 

2. Distinguish between cottonseed meal, cottonseed feed, and *whole-pressed cotton- 

seed. 

3. Discuss the composition and nutritive properties of cottonseed meal. 

4. Discuss the use of cottonseed meal for cattle, sheep, horses, and swine. State 

specifically the precautions that must be taken in feeding cottonseed meal to 
any' of these classes of stock. 
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5. Describe a simple test for distinguishing between high-grade cottonseed meal and 

cottonseed feed. 

6. If the following are important in your district, discuss their composition and 

feeding value: (a) Whole-pressed cottonseed; (b) cottonseed. 

7. Discuss the value of cottonseed hulls as a feed. 

8. Discuss the composition and use of linseed meal. What is the difference in 

composition between linseed meal made from Argentine flaxseed and that from 
North American flaxseed? 

9. Define: (a) Screenings oil feed; (b) unscreened flaxseed oil feed cake; (c) 

flax-plant by-product; (d) linseed-meal-and-screenings-oil-feed. 

10. Discuss the composition of soybeans and their use for dairy cattle, beef cattle,. 

horses, sheep, and swine. 

11. Why is soybean oil meal a popular stock feed? What precaution would you 

take when purchasing soybean oil meal for feeding to swine or poultry? 

12. In what manner are peanuts used for stock feeding? 

13. Discuss the composition and value of peanut oil meal; of peanut oil feed. Whjr 

are peanut hulls unsuitable for use as a feed? 

14. Discuss the composition and feeding value of pea seed. Why are peas not more 

commonly used for stock feeding? 

15. Discuss the composition and use of any of the following that are of importance 

as feeds in your district: (a) Pea feed; (b) cowpeas; (c) cull beans; (d) 
velvet beans; (e) alfalfa-seed screenings; (f) mesquite beans and pods. 

16. Compare the composition and feeding value of coconut oil meal and com gluten 

feed. 

17. Discuss the composition and use of any of the following that are sold on the 

feed markets in your section: (a) Palm-kernel oil meal; (b) sesame oil meal; 
(c) sunflower-seed oil cake; (d) rubber seed meal; (e) cocoa meal; (f) cocoa, 
shells; (g) vegetable ivory meal; (h) rape-seed oil meal; (i) hemp-seed oil 
meal. 
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CHAPTER XIX 

MISCELLANEOUS CONCENTRATES 

I. Cow’s Milk and Milk By-products 

616. Nutritive value of milk. — It has been emphasized in Chap- 
ters VII and VIII that whole milk is nearly a perfect food for young 
mammals. Milk from which the fat has not been removed has the 
following nutritive virtues: (1) It contains an abundance of protein 
of exceptionally high quality, which effectively makes good the defi- 
ciencies in the proteins of the cereal grains; (2) it is high in calcium 
and phosphorus; (3) it provides an ample supply of energy in the milk 
sugar and fat; (4) it is rich in vitamin A value, if produced by animals 
fed good rations; (5) it is one of the best sources of vitamin G; (6) 
it is fair in vitamin B content; and (7) it is almost wholly digestible, 
and therefore has an exceedingly high value, considering the amount 
of dry matter it actually contains. 

Recent investigations have shown, as has been pointed out previ- 
ously, that milk is not a perfect food for exclusive feeding to animals 
over long periods. (137) It has but little iron; the content of vitamin 
D is low; and it is not rich in vitamin C. The lack of iron is of 
importance in livestock feeding only in the case of young pigs which 
are not on pasture. (174) The relatively low content of vitamin D 
can readily be made good by allowing the animals access to sunlight, 
or by including in the ration well-cured legume hay or some other 
source of vitamin D. (191-192) The fact that milk contains but little 
vitamin C is not of importance in feeding farm animals, so far as is 
known. 

The effects of various factors, including the kind of feeds in the 
ration, upon the composition and nutritive value of milk are discussed 
in detail in Chapters VIII and XXIV. 

617. Whole milk. — Whole cow’s milk is too valuable for human 
food to be fed to livestock under usual conditions, except in the case 
of young dairy calves until they become old enough to live on 
other feeds. The use of whole milk for this purpose is treated fully in 
Chapter XXVIII. The experiments there reviewed show conclusively 
that it is not necessary to continue the feeding of whole milk to calves 
longer than 3 to 6 weeks, when a plentiful supply of skimmilk is 
available, or when reconstituted skimmilk (made from dried skimmilk) 
is fed. If other methods of raising calves are followed, it is then neces- 
sary to feed whole milk for a longer period. 

One should not hesitate to use whole milk when needed in rearing 
an orphan foal or lamb, and young stock being fitted for show can be 
forced ahead rapidly by its judicious use. 

Whole milk usually contains from 2 to 3 per cent of casein, 0.4 
to 0.9 per cent albumin, and traces of other proteins. It carries from 
4 to 5 per cent of milk sugar, which is only slightly sweet, is much less 
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soluble than cane sugar, and has about the same feeding value as starch. 
When milk sours, some of the sugar is changed to lactic acid, which 
curdles the casein. This fermentation ceases when about 0.8 per cent of 
acid has developed, so that in sour milk usually most of the sugar is 
still unchanged. 

It is shown in Chapter XXIV that the percentage of fat varies 
widely, depending on individuality, breed of cow, and the portion of 
the milk drawn, the strippings sometimes containing 10 times as much 
fat as the first-drawn milk. 

618. Skimmilk. — Skimmilk has all the nutritive virtues of whole 
milk, except for the removal of nearly all of the fat. It is even richer 
than whole milk in protein, milk sugar, and minerals, due to the absence 
of the fat. Skimmilk from properly-adjusted centrifugal separators 
contains about 3.7 per cent protein, 5.0 per cent milk sugar (shown 
in feeding stuff analyses as nitrogen-free extract), and only 0.03 to 
0.10 per cent fat. 

Due to the low fat content, skimmilk supplies but little vitamin A, 
for nearly airdf the vitamin A in whole milk is contained in the fat. 
Skimmilk also furnishes considerably less energy than whole milk, 
because most of the fat has been removed. 

In feeding skimmilk, it should be borne in mind that it is exceed- 
ingly rich in protein, on the dry-matter basis. While the nutritive ratio 
of whole milk is 1 :3.9, that of skimmilk is only 1 :1.5. Due to this high 
proportion of protein, there is no need of using other protein supple- 
ments in the ration when sufficient skimmilk is available. Instead, it 
should be fed with the cereal grains or other concentrates low in pro- 
tein. When full advantage is not taken of this richness of skimmilk 
in protein, the value secured from it is correspondingly decreased. 
Skimmilk is at its best for feeding, especially to young calves, when 
it comes fresh and yet warm from the farm separator. 

Skimmilk is used chiefly for dairy calves, pigs, and poultry, and 
it has an especially high value for them. When it is fed in suitable 
amounts to these classes of stock, it has a considerably higher value 
per 100 lbs. than an equal amount of protein and other nutrients in 
the feeds from other animal sources, such as tankage, meat scraps, or 
fish meal. Due to the lack of vitamin A in skimmilk, it is highly 
important that the ration include other feeds which furnish an ample 
amount of the vitamin. 

Full information on the use of skimmilk in raising dairy calves 
is given in Chapter XXYIII. The experiments there reviewed have 
proven that just as thrifty calves can be raised when they are changed 
from whole milk to skimmilk, by 4 to 6 weeks of age, as when whole 
milk is continued longer. 

The numerous experiments which have shown the high value of 
skimmilk for pigs are discussed in Chapter XXXVI. Specific informa- 
tion is, there given on the amounts of skimmilk needed to balance the 
rations of pigs of various ages and when fed various combinations of 
feed. Though skimmilk is an ideal protein supplement for swine of 
all ages, including brood sows, it has its highest value for young pigs 
before weaning and especially immediately after weaning. Skimmilk 
and other milk by-products in general have a particularly high value 



Skim Milk Is an Excellent Feed for Pigs and Calves 
Rich in protein of the highest quality and high in calcium and phosphorus, skim 
milk is a superior feed for young animals. These young pigs are being fed skim 
milk and a suitable concentrate mixture inside the ‘‘creep, where the sows can not 
enter. (From Wisconsin Station.) 



A Portion of the Union Stock Yards at Chicago 
The Chicago Union Stock Yards occupy an area of 500 acres, and have 25 miles 
of streets and 300 miles of railway tracks. The yards would hold at one time 75,000 
cattle, 125,000 sheep, 300,000 hogs, and 6,000 horses and mules. Some of the large 
packing plants may oe seen in the background at the right. 




Fattening Steehs on Beet Pulp in the West 

In the vicinity of the beet sugar factories thousands of cattle are fattened on 
wet beet pulp and other feeds. In the feed lots shown in this view the beet 
pulp is brought from the beet sugar factory on th(' tramway. 



Beet Tops Are Often Ensiled in Trench Silos 

Especially in the western states, trench silos have become popular during 
recent years. The loss of nutrients is higher than in silos of the ordinary types, 
but this is offset more or less by the small cost. 
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for poult^ feeding, because these milk by-products are exceedingly 
rich in vitamin G, which is required in unusually large amounts by 
poultry. 

When more skimmilk is available than is needed by calves, pigs, 
or poultry, it may be fed to dairy cows and heifers. Only a few cows 
will drink skimmilk, but the allowance may be poured on the grain 
in a pail, and this mixture then fed on top of the silage. In Minnesota 
trials 8 lbs. of skimmilk replaced 1 lb. of linseed meal when dairy cows 
were thus fed 2 lbs. of skimmilk per pound of grain mixture.^ Like- 
wise, in experiments with dairy heifers 8 lbs. of skimmilk were equal 
to 1 lb. of linseed meal as a protein supplement to com grain and 
timothy hay. In Montana tests 4 cows were taught to drink skimmilk, 
then taking an average of 19 lbs. a day.^ Fed in this manner, each 
5.9 lbs. of skimmilk replaced 1 lb. of the grain mixture. 

619. Buttermilk. — Unless wash water from the churn has been 
added to it, buttermilk has practically the same composition as skim- 
milk, except that it usually contains 0.4 per cent fat or more. Also, in 
buttermilk from sour cream a part of the sugar has been changed to lactic 
acid. Buttermilk of good quality is a satisfactory substitute for skim- 
milk in feeding calves and pigs, as is pointed out in Chapters XXVIII 
and XXXVI. It is also an excellent feed for poultry. When properly 
fed, undiluted buttermilk is worth about as much per 100 lbs. as 
skimmilk. 

Since buttermilk often has a more laxative effect than skimmilk, 
calves should not be changed to buttermilk quite as early as in the 
case of skimmilk. Buttermilk that is allowed to ferment and putrefy 
in dirty tanks is a dangerous feed. 

620. Whey. — In the manufacture of cheese practically all the 
casein and most of the fat go into the cheese, leaving in the whey the 
milk sugar, the albumin, and a large part of the ash. Whey is more 
watery in composition than skimmilk, containing only about 6.6 per 
cent dry matter. Whey from the manufacture of Cheddar and most 
other types of cheese contains about 5.0 per cent milk sugar and 0.3 
per cent fat, with only 0.9 per cent protein, the nutritive ratio being 
1 :6.1, which is much wider than that of skimmilk. Whey from Swiss 
cheese contains 0.8 to 1.0 per cent fat. To save the fat for butter 
manufacture, whey, especially from Swiss cheese, is often skimmed at 
the factories. Skimmed whey is worth slightly less than unskimmed 
whey. 

In feeding whey it is very necessary to bear in mind the fact 
that most of the protein has been removed, and that whey is not a 
protein-rich feed, like skimmilk and buttermilk. The milk albumin it 
does contain is, however, of high efficiency in making good the defi- 
ciencies in the proteins of the cereal grains. 

Whey is chiefly fed to swine, and its value for this purpose is 
discussed fully in Chapter XXXVI. For swine feeding, whey is worth 
about one-half as much per 100 lbs. as skimmilk. Whey can also be 
used satisfactorily for raising dairy calves, as is pointed out in Chapter 
XXVIII, when it is fed with a suitable concentrate mixture, rich in 
protein. It is an excellent feed for poultry, as it is just as rich in 
vitamin G as is skimmilk. 



388 


FEEDS AND FEEDING 


621. Importance of pasteurizing factory by-products. — Since milk 
from different farms is mixed at the creamery and cheese factory^ 
bovine tuberculosis, Bang^s disease, and other diseases may be widely 
spread from a diseased herd through the skimmilk, buttermilk, or whey. 

Since disease-producing bacteria are killed by heating the milk or 
whey to a temperature of 180® F., this simple precaution will remove 
danger from this source. The pasteurized product also keeps better 
and is less likely to cause scours. This practice is likewise advantageous 
to the factories, for the milk cans may be more readily kept in good 
condition and the quality* of the milk delivered at the factory will 
thereby be improved. Careful farmers should therefore insist that 
skimmilk, buttermilk, and whey be thoroughly pasteurized at the fac- 
tory before they take it back to their farms for feeding. 

622. Dried skimmilk; dried buttermilk. — Considerable quantities 
of skimmilk and buttermilk are now dried at the factories to produce 
dried skimmilk (also called ^Mry skimmilk’^) and dried buttermilk. 
In addition to their use in human foods, these products are employed 
widely for poultry feeding and also for feeding dairy calves. One 
pound of either of these feeds has practically the same composition 
and feeding value as 10 lbs. of the liquid skimmilk or buttermilk,, 
respectively. Dried skimmilk contains an average of 34.8 per cent 
protein, 50.1 per cent milk sugar, 8.0 per cent minerals, and 0.9 per 
cent fat. Dried buttermilk is a little lower in protein , but has an 
average of 5.6 per cent fat. The fat content varies widely, however, 
ranging from less than 1 per cent to 8 per cent or more. The products 
low in fat are probably from soured skimmilk, instead of buttermilk. 

Due to the alkalies used in partially neutralizing very sour cream, 
dried buttermilk is higher in minerals, or ash, than dried skimmilk. 
Occasionally some lots are excessively high, containing 15 to 18 per 
cent of ash, with correspondingly less protein and sugar. 

On account of their richness in vitamin G and the high quality 
of milk proteins, these products are of especial value in poultry feed- 
ing. They are also often used as substitutes for milk in raising dairy 
calves in market milk and condensery districts. As is described in 
Chapter XXVIII, 9 lbs. of water may be added to each pound of the 
dried skimmilk or dried buttermilk to make reconstituted skimmilk or 
buttermilk; or the dried milk products can be included in a calf meal, 
or ‘^calf starter.'^ 

When expense is not considered, dried skimmilk and dried butter- 
milk are excellent protein supplements for swine, especially young pigs. 
It is pointed out in Chapter XXXVI, however, that they are usually 
too expensive for this purpose, since excellent results can be secured 
on cheaper rations, 

623. Condensed or evaporated buttermilk. — Condensed or evap- 
orated buttermilk, also called ‘^concentrated buttermilk’’ and “semi- 
solid buttermilk, ’ ’ is made by evaporating buttermilk until it is reduced 
to about one-third the original weight. According to the definition 
adopted by the Association of American Feed Control Officials, this 
product should contain not less than 27 per cent of total solids, not 
less than 2 per cent of fat, and not more than 0.14 per cent of ash for 
each per cent of solids.® 
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Though condensed buttermilk is semi-solid, it generally contains 
over 60 per cent water, and about 3 lbs. are required to equal 1 lb. of 
dried buttermilk or dried skimmilk in amount of milk solids. On ac- 
count of its nature, condensed buttermilk must be shipped in barrels 
or other water-tight containers. Due to this and also the high cost of 
transporting the watery product, the price is usually higher than the 
cost of an equivalent amount of dried buttermilk or dried skimmilk. 

It is pointed out in Chapters XXVIII and XXXVI that other 
protein supplements are usually more economical than condensed but- 
termilk for dairy calves or pigs. This product is used chiefly for feed- 
ing poultry. 

624. Dried whey, or milk-sugar feed; cheese meal . — Dried whey, 
or milk-sugar feed, is obtained by drying whey from cheese manufac- 
ture or from the manufacture of casein from skimmilk. It has an 
average of 12.5 per cent protein and 72 per cent milk sugar. Because 
of the richness of dried whey in vitamin G, it is used chiefly as an 
ingredient in poultry feeds. One pound of dried whey is about equal 
to 14 lbs. of liquid whey in value. Dried whey may also be used for 
pigs, but its value for this purpose is lower than for poultry.^ 

Cheese meal, a by-product from the manufacture of processed 
cheese, is composed of the cheese trimmings, from which most of the 
fat has been removed. It contains about 60 per cent protein and 7 
per cent fat, thus resembling the best grades of tankage in composition. 
In Wisconsin tests cheese meal was an excellent protein supplement 
for pigs, being worth even more than tankage.® 

II. Packing-plant and Fishery By-products 

626. The packing-plant by-products. — The various packing-house 
by-products used for stock feeding include digester tankage, or meat 
meal; dry-rendered tankage, or meat scraps; meat-and-bone meal, or 
meat-and-bone scraps; dried blood; steamed bone meal; and raw bone 
meal. The tankages and meat and bone meals and scraps are high in 
protein that is of an excellent quality to correct the deflciencies of 
the proteins in the cereal grains. These by-products are also rich in 
calcium and phosphorus. They are therefore of especially high value 
for swine and poultry, but are also efficient protein supplements for 
other classes of stock. The bone meals, which have been discussed in 
Chapter VI, are the most common phosphorus supplements used in 
stock feeding. (167-168) 

In the production of the tankages, meat meals, and meat scraps 
two different processes are employed. The method which has been used 
in this country for the most part until the past few years is the digester 
method, also called the ‘‘wet-rendering method.^’ Recently, the dry- 
rendering method has rapidly come into more common use. 

626. Digester tankage. — In the digester method the fresh meat 
scraps, fat trimmings, and scrap bones are thoroughly cooked for 6 to 
8 hours by steam under pressure in large vertical tanks.® After the 
cooking is completed, the fat is skimmed off the top, the soupy liquid 
is drained off, and the solid residue pressed in hydraulic presses to 
remove as much of the fat and water as possible. 
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The liquid is evaporated down to a gluey consistency, then being 
called ‘‘ stick/ ^ This stick is next added to the solid meat residue, and 
the mixture is dried in steam-jacketed dryers. The dry material is at 
last ground, after being passed over powerful magnets to remove any 
pieces of metal. This product is digester tankage, which is also called 
meat meal, or feeding tankage. The best grade is usually guaranteed to 
contain 60 per cent protein. As shown in Appendix Table I, it contains 
an average of 61.3 per cent protein, 19.2 per cent mineral matter, and 
8.8 per cent fat. In producing this grade of digester tankage, partly- 
dried blood is often added to the meat residue and the stick, to bring 
the protein content up to the desired percentage. 

Some digester tankages are guaranteed to contain 55 per cent pro- 
tein, , and meat-and-bone products may contain only 40 to 50 per cent 
protein. The differences in protein content are due primarily to the 
proportions of bone in the product. The value of any grade will depend 
primarily on the protein content, unless the additional amount of bone 
is actually needed in the ration. 

627. Mea* scraps, or dry-rendered tankage. — The more efScient 
dry-rendering method of processing meat or meat-and-bone residue is 
rapidly replacing the older wet-rendering method. In the dry-render- 
ing process the raw material is cooked in a fat-melter, which is an open 
steam-jacketed vessel, with paddles to agitate the mass.® 

The moisture is driven off, the excess fat drained off, and the solid 
matter is next pressed in a screw press to remove as much of the fat 
as possible. The dry residue is then granulated or is ground into 4 
meal. 

The dry-rendered product does not have as strong an odor as 
digester tankage, and it is lighter in color. Though usually containing 
ordy 50 to 55 per cent protein, dry-rendered tankage or meat scraps 
has proven to be equal to high-grade digester tankage containing 60 
per cent protein. (See Chapter XXXVI.) This is probably because 
the protein is more digestible and has a higher nutritive value in the 
dry-rendered product. Sometimes dried blood is added to dry-rendered 
tankage to increase the protein content to 60 per cent. 

The terms meat scraps and meat and hone scraps are generally 
used for the dry-rendered products, though sometimes they are called 
dry-rendered ta^age, or meat meal, or meat and bone meal. 

628. Meat and bone products. — ^According to the definitions of 
the Association of American Feed Control Officials, digester tankage, 
meat scraps, or meat meal should not include hoof, horn, manure, and 
stomach contents, except in such cases as might occur unavoidably in 
good factory practices and must not contain more than 10 per cent of 
phosphoric acid (4.4 per cent of phosphorus).® If the phosphorus 
content is higher than this, the product must be called digester tankage 
with bone, or meat and bone digester tankage, or meat and bone meal, 
or meat and bone scraps, 

629. Use of tankage and meat scraps. — Tankage, meat meal, and 
meat scraps are used chiefly as protein supplements for swine and 
poultry. Their richness in protein of excellent quality and also their 
high content of calcium and phosphorus make them especially valuable 
for these classes of stock. These meat by-products are also satisfactory 
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for feeding dairy cattle, beef cattle, sheep, and horses. While these 
animals may at first not like the feeds, generally they will soon eat a 
mixture of concentrates which contains the small proportion of a meat 
by-product that is needed to balance the ration. Occasionally, a certain 
lot of tankage or meat scraps may prove unpalatable to cattle. 

Due to the high protein content of tankage, meat scraps, and meat 
meal, care should be taken to feed correspondingly less than would 
be required of such supplements as linseed meal, cottonseed meal, or 
soybean oil meal. Otherwise full advantage will not be gained from 
the richness in protein. 

On account of the importance of these meat by-products, their luse 
for each class of stock is considered in detail in Part III. It is of 
interest to note that a protein supplemental mixture called an ‘‘all- 
purpose protein supplement,’^ which is very satisfactory for feeding 
to several classes of stock, has been developed by the Ohio Station. In 
these tests a mixture of 30 lbs. meat scraps, 30 lbs. soybean oil meal, 
20 lbs. cottonseed meal, 15 lbs. linseed meal, and 5 lbs. minerals (equal 
parts of steamed bone meal, ground limestone, and salt) has been very 
satisfactory for dairy cattle, beef cattle, sheep, swine, and poultry,'' 
Modifications can readily be made in the mixture to adapt it to varying 
feed prices. 

630. Rendering-plant tankage, or reduction tankage. — The small 
rendering plants which render scrap meat and bones from butcher 
shops, dead animals, etc., for soap grease, produce tankage of various 
qualities. This rendering-plant or reduction tankage is used chiefiy for 
fertilizer, but some is fed to stock. The use of this tankage for swine 
feeding is discussed in Chapter XXXVI. There is no danger of infect- 
ing animals with disease in using such tankage, if due care is taken 
in its production, for the high temperature thoroughly sterilizes it. 
However, some of the raw material may have begun to decompose be- 
fore it is processed, and therefore tankage of this kind may not be of 
sufficiently good quality for feeding purposes. 

631. Adulteration of tankage. — The tankages and meat meals or 
meat scraps produced by the large packing plants with established repu- 
tations are practically always good products, made under careful control 
and from suitable raw materials. Occasionally, products are found on 
the market which are adulterated with such materials as hoof meal, 
hair, leather meal, paunch or intestinal contents, etc.® Some carry an 
unduly large proportion of dried blood to bring up the protein content 
of a low-protein product. 

Certain tankages and meat scraps are also made too largely of 
waste that is high in gristle and connective tissue, the proteins of which 
are of low value.® Also, some tankages contain too large a proportion 
of “stick,” which supplies protein of poor quality.^® 

These poor-quality tankages may contain as much protein and fat 
as high-grade tankages, but they have a lower feeding value. As it is 
impossible for the usual purchaser to detect the poor quality of such 
products by ordinary inspection, it is wise to buy only tankage made 
by establishments of known reputation for high-quality products. 

632. Blood meal. — The blood is collected at packing plants and 
heated in large vats until it is thoroughly coagulated. The excess water 
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is drained off and more moisture removed in a hydraulic press. The 
solid residue is then dried and ground to form blood meal, or dried 
blood. 

Blood meal is the richest in protein of all packing-plant by-products, 
containing over 80 per cent. It is low in calcium and phosphorus, thus 
differing greatly from tankage or meat scraps. Blood meal is used 
chiefly for feeding calves, and its value for this purpose is discussed 
in Chapter XXVIII. Blood meal has been fed successfully to horses, 
especially to those that were thin and run-down ; it is occasionally fed 
to young pigs, but tankage is usually cheaper and better for this pur- 
pose.^^ 

On account of the temperature employed in the usual method of 
drying blood, the protein is not highly digestible. Therefore, special 
methods are sometimes used to produce a more soluble and more digesti- 
ble product, called ‘‘soluble blood meal or flour. This has a higher 
value in calf feeding than the ordinary grade. 

633. Glelatin. — The protein in gelatin has a low nutritive value, and therefore 
gelatin is not ‘fiatis^ctory as a substitute for tankage in stock feeding.12 A by- 
product composed chiefly of gelatin, called “alba blood,** mad© from discarded 
printers’ rolls, is sometimes used as an adulterant in tankage.is 

634. Production of fish meal. — ^Because of the experiments which 
have shown conclusively the high feeding value of fish meal for swine 
and poultry, the production of this feed has increased considerably 
during recent years. Some years ago the fishery wastes were either 
used to produce fish meal for fertilizer or were not utilized at all, but 
dumped in the sea. Even now the total production of fish meal in the 
United States is relatively small in comparison with the amounts of 
tankage and meat scraps. 

Several types of fish meal are made, differing not only in the raw 
material used but also in the method of drying. Menhaden fish meal, 
which is the most common kind in the eastern states, is produced by 
processing the entire menhaden herrings for fish oil and fish meal. 
These are a fat fish, not suited for food, which are caught in large 
quantities off the Atlantic coast. 

White fish meal is made chiefly from the waste from the cod and 
haddock industry, not including the entrails, which, with the exception of 
the livers, are usually dumped at sea. The proportions of scrap meat, 
heads, and bones may vary considerably in the product. If the pro- 
portion of heads is large, the value of the fish meal is decreased. 

Fish meal is also made at sardine canning plants from the heads 
and the broken and damaged fish. On the North Atlantic coast small 
herring are canned for sardines and on the Pacific coast pilchard are 
chiefly used. Some fish meal is also made on the Pacific coast from 
the waste of the salmon and tuna canning factories. Small amounts 
of other fish wastes are also made into fish meal. 

Formerly, the menhaden fish product was dried in so-called “flame 
driers^^ in which the material was exposed to a heat of 500® to 600° F. 
or more for several minutes. This method is still used to a large extent 
in the production of menhaden fish meal and also other fish meals. 
However, it is being replaced by the method of drying in steam-jacketed 
drums under partial vacuum, to lower the temperature of the process. 
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In the case of oily fish waste, most of the oil is expressed or extracted 
from the product. 

635. Nutritive value of flsh. meals. — Fish meals differ somewhat 
in nutritive value, depending on the type of raw material used, the 
method of drying, and the care taken in the process. But few direct 
comparisons have been made of the various kinds of fish meal, and 
therefore only general statements can as yet be given concerning their 
relative feeding value. 

In general, a fish meal carefully made from sound, undecomposed 
material is an excellent protein supplement, especially for swine and 
poultry. Indeed, good fish meal is superior to high-grade tankage or 
meat scraps in value per ton for these classes of stock. 

Fish meal usually contains from 50 to 60 per cent of protein and 
15 to 25 per cent of mineral matter, which is chiefly fish bones. There- 
fore fish meal is rich in calcium and protein. The protein of fish meal 
is of high nutritive value, tending to be even more efficient as a supple- 
ment to the grains than the protein in tankage or meat scraps. (149) 

Due to the lower temperature during the drying process, vacuum- 
dried fish meal is superior to a flame-dried fish meal made from the 
same raw material.^^ The protein is more digestible and it has a higher 
nutritive value. Also the content of vitamins A, D, and G is much 
greater. Indeed, some fish meals dried at high temperatures contain 
practically no vitamins. 

It must be borne in mind, however, that vacuum drying is no 
guarantee in itself that the product is always of high quality. Occa- 
sionally the raw material may have been unsuitable for feeding purposes 
or the process improperly carried out. For example, in New York 
experiments with pigs excellent results were generally secured from 
a certain brand of vacuum-dried fish meal, which was supposedly of 
excellent quality. However, on two different occasions pigs fed this 
fish meal became very unthrifty, apparently due to its poor quality, 
though this was not evident from an inspection of the fish meal.“ At 
the same time excellent gains were made by similar pigs fed alongside 
on flame-dried menhaden fish meal or on digester tankage. Obviously, 
much more care must be taken to prevent decomposition or injury of 
the product in the production of fish meal for stock feeding than in 
the making of fish meal for fertilizer. Certain fish waste is too high 
in salt to be used for fish meal for stock feeding, unless the salt is 
removed from the product. 

Some have hesitated to use fish meal for stock feeding, fearing 
that it might cause a fishy flavor in the milk of cows or in the meat 
of swine, cattle, or sheep. In the numerous feeding experiments with 
flsh meal no injurious effect whatsoever has been produced when good 
fish meal, not unduly high in fat, has been fed in such amounts as 
were needed to balance the ration. If a larger allowance of fish meal 
is fed, there may be some danger of such an effect. 

636, Us© of fish meal. — As has been stated previously, fish meal 
has an especially high value for swine and poultry, on account of the 
excellent quality of its protein. The use of fish meal for swine feeding 
is discussed in detail in Chapter XXXVI. 

Fish meal can also be used economically as a protein supplement 
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for cattle and sheep, when it is a cheap source of protein. However, 
for these classes of stock, fish meal usually has no higher value per 
pound of digestible protein than protein supplements of plant origin, 
such as linseed meal or cottonseed meal. Also, it is often not palatable 
to cattle. Usually they will soon become accustomed to a concentrate 
mixture containing 10 to 15 per cent of fish meal, but occasionally 
animals will refuse to eat such a combination. 

In most of the experiments in which fish meal has been fed to dairy 
cows the yields of milk and fat have been .satisfactory, but in some 
instances the fish meal has slightly decreased the percentage of fat in 
the milk.^® The same effect is produced by cod-liver oil and certain 
other fish oils. Often the mixture containing fish meal has been less 
palatable to cows than the usual type of dairy concentrate mixture. 

It is pointed out in Chapter XXVIII that fish meal can be used 
as a partial substitute for milk in raising dairy calves. Fish meal of 
good quality has produced satisfactory results when used as a protein 
supplement for fattening lambs and fattening steers.^^ It is also some- 
times fed to horses. 

637. Shrimp meal. — Shrimp meal, also called shrimp bran,^^ consists of the 
dried waste of the shrimp industry, including the heads and hulls (or shells). 
Shrimp meal does not keep well when stored for any long time. It contains about 
42 per cent protein and was equal or superior to high-grade tankage as a protein 
supplement for swine in Louisiana trials.^® Still better results were secured from a 
combination of half shrimp meal and half cottonseed meal. For pigs not on pasture 
especially good results were obtained when a combination of 50 lbs. shrimp meal, 
30 lbs. cottonseed meal, and 20 lbs. ground alfalfa or clover hay was fed as a 
supplement to grain. 

In Louisiana tests shrimp meal was also satisfactory for dairy cows when 10 
to 19 per cent was included in the concentrate mixture as a substitute for cottonseed 
meal.10 Likewise, steam-dried shrimp meal was a good supplement in poultry rations, 
but air-dried shrimp meal was less desirable, on account of the high salt content. 

638. Whale meal. — Whale meal that is suitable for stock feeding is made 
from the clean, dried, undecomposed flesh of the whale, after part of the oil has 
been extracted. It resembles tankage in composition, having about 50 per cent pro- 
tein. Sometimes whale meal is not of satisfactory quality for feeding purposes. 
In North Carolina tests with pigs whale meal did not give good results when fed as 
the only supplement to corn .20 

III. Sugar-factory By-products 

639. Beet sugar production and by-products. — ^Approximately six 
million tons of sugar, made from sugar cane and from sugar beets, are 
consumed annually in the United States. During the five years, 1930-34 
inclusive, about 1,305,000 tons of this total has been beet sugar pro- 
duced in this country ; 199,000 tons, cane sugar produced in Louisiana ; 
and the remainder, sugar imported from our insular possessions and 
from other countries, chiefly Cuba. 

In. the manufacture of beet sugar, the sugar beets are first washed 
and then cut into thin strips. The juice is thoroughly extracted from 
these strips by means of warm water, leaving the by-product known 
as wet beet pulp. The juice is next clarified and purified with lime 
and carbon dioxide and in some cases also with sulfur dioxide. After 
filtration, the clear juice is evaporated under a partial vacuum until 
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the sugar crystallizes. The grains of sugar are then separated from 
the residual sirup by a centrifuge. This sirup is commonly reboiled 
and the process repeated once more, or even twice, to secure as large a 
yield of sugar as possible. 

The residual sirup, called beet molasses, still contains a large 
amount of sugar, along with mineral salts and other impurities. 

This molasses is used for stock feeding, or it may be treated further 
in the Steffen ^s process or in both the Steffen ^s process and the barium 
process, to recover still more sugar. The residual molasses remaining 
from these processes contains as much nutrients as the ordinary beet 
molasses and has as high a feeding value.^^ 

The beet tops which arc removed from the beet roots before they 
are sent to the sugar factory form another important by-product for 
livestock feeding. The use of beet tops has already been ^scussed in 
Chapter XVI. 

640. Production of sugar from cane; by-products. — In the pro- 
duction of sugar from sugar cane, the cane stalks are cut close to the 
ground, the tops and leaves removed, and the stalks sent to the sugar 
factory. Here they are crushed in three or more mills between sets 
of powerful rollers to remove the juice. To increase the recovery of 
sugar, water is sprayed upon the partially-extracted cane, as it passes 
from one mill to the next. 

The sugar is produced from the juice in much the same manner 
as in the manufacture of sugar from sugar beets. The molasses result- 
ing from the process is called cane molasses, or blackstrap. The sugar- 
cane tops and also the bagasse (the stalk residue, after the juice is 
expressed) are sometimes used for stock feeding, as has been pointed 
out in Chapter XV. 

641. Cane molasses. — In addition to the limited amount of cane 
molasses, or blackstrap, made in the continental United States, a large 
amount is imported. From 50,000,000 to 100,000,000 gallons are used 
annually for stock feeding in this country, and still more is used for 
the production of alcohol, yeast, and other fermentation products. In 
1933-34, about 70 per cent of the amount for feed was used by central 
feed manufacturers in mixed feeds and 20 per cent by retail feed 
mixers. Only about 10 per cent of the total was purchased as molasses 
by stockmen. 

Cane molasses is very palatable and is much relished by stock. It 
also has a mild laxative effect that is beneficial when the other feeds 
in the ration are constipating. The molasses of the usual grade contains 
55 per cent or more of sugars, which are the only important organic 
nutrients. Cane molasses has only 2.8 per cent protein, on the average, 
and this consists largely of compounds having low nutritive value. 
When large amounts of molasses are fed, it is therefore especially 
important that sufficient protein be furnished by the rest of the ration. 

Cane molasses contains an average of 25.9 per cent water and 
supplies only 56.6 lbs. of total digestible nutrients per 100 lbs., which 
is only about 70 per cent as much as is furnished by com grain. Cane 
molasses weighs about 11.7 lbs. per gallon, and therefore approximately 
171 gallons make a ton. 

Molasses has its highest value per pound when its palatable nature 
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is utilized to induce stock to eat roughage with less waste of the stems 
and coarser parts than there would be otherwise. It is often diluted 
with 1 to 2 parts of water and sprinkled over poor-quality hay or other 
roughage of rather low palatability. The animals will then consume 
' a greater amount of such roughage and there will be less waste. When 
thus fed, molasses may be worth fully as much or even more than corn 
or other grain. 

Cane molasses is used as an ingredient in many of the mixed feeds, 
especially those for cattle and horses. It not only increases the palata- 
bility of these feeds, but is often one of the cheapest sources of carbo- 
hydrates for the feed manufacturer, who can use it in tank-car lots. 
When molasses must be shipped in barrels, the cost is much greater 
than in tank cars. Therefore it is frequently expensive for the indi- 
vidual farmer, when it may be cheap at a central feed-mixing plant. 

Farmers who desire to secure molasses as cheaply as possible should 
co-operate in arranging with their local feed dealer or other agency 
to order a tank car of molasses. It can readily be hauled direct from 
the car to tlie farms in whatever containers may be available, such as 
well-cleaned, second-hand oil drums. In cold weather it may be neces- 
sary to warm the molasses by passing steam through the coils in the 
tank car, so the molasses will flow satisfactorily. 

The experiments summarized in Part III show that when molasses 
, is added to a ration made up of feeds that are otherwise palatable, the 
production of milk or meat is very satisfactory and may even be slightly 
increased. However, when molasses is thus fed, it is generally worth 
considerably less per 100 lbs. than com or other grain. This would be 
expected from the fact that it supplies a decidedly smaller amount of 
digestible nutrients than does grain. 

Cane molasses is fed most commonly to dairy cows, beef cattle, 
sheep, and horses, but may be also fed in limited amounts to swine 
and poultry. For fattening cattle, molasses is sometimes fed in a 
trough, where the animals help themselves. Some farmers put a barrel 
of molasses, with bung open, in a tight grain bunk. The molasses then 
runs out until it reaches the level of the bung, and flows out as it is 
eaten' by the cattle. When animals are fed considerable molasses, they 
drink more water than usual. 

642. Beet molasses. — ^Beet molasses resembles cane molasses in 
content of nutrients and has fully as high a feeding value per ton 
when properly used. However, it is much more laxative than cane 
molasses, on account of the high content of certain alkaline salts and 
other laxative substances. Therefore, stock should be accustomed to 
beet molasses gradually, and the amounts fed should be strictly limited. 

The maximum amounts of beet molasses advised by various author- 
ities for animals used to the feed are as follows, per 1,000 lbs. live weight 
daily : Driving horses, 2.5 lbs. ; up to 4 lbs. or even more for draft horses ; 
dairy. cows, 2.5 to 3 lbs.; fattening cattle, 4 to 8 lbs.; fattening sheep, 
3 to 5 lbs. ; and fattening swine, 5 to 10 lbs. Breeding animals should be 
fed less than those being fattened, and the amount should be materially 
reduced 6 weeks before the young are born. 

The use of beet molasses for the various classes of stock is discussed 
later in the chapters of Part III. As in the case of cane molasses. 
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beet molasses is used in various mixed feeds, especially in alfalfa-molasses 
feeds. 

643. Wet beet pulp. — At the beet-sugar factories the wet beet 
pulp is dried to produce dried beet pulp or dried molasses-beet pulp, 
or it is dumped in huge open silos, which are merely paved areas with 
strong walls. Here the wet pulp undergoes an acid fermentation similar 
to that which occurs in corn silage. 

Sometimes the fresh pulp is hauled to the farms and stored in ordi- 
nary silos or else in pit or trench silos. The fresh pulp may be pressed 
at the factory to remove some of the water, but even the pressed pulp 
contains only about 14 per cent dry matter. Ensiled pulp keeps much 
better than fresh pulp exposed to the air, and it is therefore preferred 
for feeding. Due both to the draining away of water and to the loss 
of nutrients in the fermentation, there will be a shrinkage in weight of 
the pulp when ensiled, ranging from 20 to 40 per cent or more.^^ 

Though carrying only 1 to 2 per cent of sugar, wet beet pulp con- 
tains considerable of other easily-digested carbohydrates, and the dry 
matter is equal to that of roots in feeding value. The pulp is low in 
protein and it is especially low in phosphorus. Therefore, when heavy 
allowances are fed to stock, it is necessary to see that these nutrients 
are otherwise supplied. 

Fortunately, in the West wet beet pulp is commonly fed with alfalfa 
hay, which is rich in protein and fair in phosphorus content. However, 
Utah experiments have shown that there may be a serious lack of phos- 
phorus in rations consisting only of alfalfa hay and wet beet pulp or 
other beet by-products, with or without cereal grain.^® Therefore steamed 
bone meal or some other safe source of phosphorus should be added 
to such rations. 

Wet beet pulp is extensively fed to fattening cattle and lambs or 
sheep in the western beet-sugar districts. It is also a good feed for 
dairy cattle and in limited amounts is satisfactory for idle horses. The 
results of experiments in which its value for cattle and sheep has been 
determined, are presented in Part III. 

644. Dried beet pulp ; dried molasses-beet pulp. — The greater part 
of the wet beet pulp produced in the United States is now dried alone 
to form dried beet pulp, or is combined with beet molasses and dried 
to form dried molasses-beet pulp. These products are palatable, bulky, 
slightly laxative, and keep well in storage. Their use for the various 
classes of stock is discussed in detail in Part III. 

Dried beet pulp contains an average of 9.0 per cent protein, 59.9 
per cent nitrogen-free extract, 0.8 per cent fat, and 18.8 per cent fiber. 
Though dried beet pulp contains a large amount of fiber for a concen- 
trate, the fiber is highly digestible, and therefore the feed supplies 
71.8 lbs. total digestible nutrients per 100 lbs., which is about as much 
as oats furnish. 

It is shown in Part III that when rather small amounts of dried 
beet pulp are used to increase the palatability of the ration for dairy 
cows or for fattening cattle or sheep, it may be worth as much as corn, 
pound for pound. However, when larger amounts are fed as a substi- 
tute for grain, the value per pound will be somewhat lower. 

Largely on account of its bulky nature and its palatability, dried 
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beet pulp is a very popular feed for dairy cattle, and most of it is fed 
to dairy cows. It is also used extensively in the sugar-beet districts as 
a substitute for part of the grain in the fattening of cattle or sheep, 
and may also replace one-fourth to one-third of the grain in feeding 
work horses. 

Dried molasses-beet pulp does not differ markedly from dried beet 
pulp in content of nutrients or in feeding value, and it may be used in 
the same manner. Very recently the production of dried molasses-beet 
pulp has exceeded that of dried beet pulp in the United States, which 
is an indication of its popularity. 

646. Sugar. — ^Though the nutritive value of sugar is no greater 
than that of an equal weight of starch, the great fondness for it shown 
by stock makes it helpful in some cases for stimulating the appetite. 
For this reason, a small allowance is often used in fitting animals for 
show. In a Hawaiian trial, the addition of 5 per cent of sugar to the 
ration for pigs increased the feed consumption and resulted in slightly 
more rapid gains.^* 

646. Molasses .feeds. — It has been stated previously that cane 
molasses or beet molasses is used as an ingredient in many of the mixed 
feeds on the market. These range in character from superior feeds, 
made entirely from high-grade ingredients, to cheap feeds which contain 
a large proportion of lower-grade ingredients, such as grain screenings 
and oat hulls. From the list of guaranteed ingredients and the guaran- 
tees for protein, fat, and fiber, one can usually determine approximately 
the relative value of any particular feed. 

Molasses is added to high-grade mixed feeds on account of its 
palatability and also because it is often one of the cheapest sources of 
readily-digested carbohydrates. Many experienced dairymen prefer a 
high-grade mixture containing molasses to one made of the same ingre- 
dients, except without molasses. 

In lower-grade mixed feeds, molasses has a special value, as it aids 
in making a mixture palatable that might otherwise not be liked by 
stock. Unfortunately, molasses also tends to mask the presence of low- 
grade ingredients, and therefore may make a trashy feed appear much 
more valuable than is actually the case. 

Molassine meal is sometimes made in Europe by mixing molasses 
with peat or sphagnum moss, and occasionally the product has been 
imported into the United States. Peat has no nutritive value for stock 
and the moss is also of very low worth, though arctic animals live on it 
to some extent. Practically the only nutrient in molassine meal is in 
the molasses it contains, and at the prices usually asked it is a very 
uneconomical purchase.*® 

647. Alfalfa-molasses feeds. — ^In the western alfalfa districts a 
considerable amoirnt of alfalfa-molasses feeds is manufactured. These 
consist of combinations of alfalfa meal with various percentages of beet 
or cane molasses. Usually such feeds contain between 20 and 40 per cent 
of molasses. 

Alfalfa-molasses feeds are palatable to stock and can be used to 
replace a limited amount of the grain in the ration of dairy cows, beef 
cattle, and sheep. It must be borne in mind, however, that such feeds 
are more of the nature of a roughage than of a concentrate. Therefore, 
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as is shown in Part III, when any considerable amount has been fed to 
fattening cattle or sheep, the alfalfa-molasses feed has been worth de- 
cidedly less per ton than com or barley. 

Sometimes alfalfa-molasses feeds are unwisely used as a substitute 
for such protein supplements as linseed meal or cottonseed meal. It 
must be remembered that they are not high in protein, and therefore 
should be used as a substitute for grain, and not as a protein supplement. 

IV. Other Miscellaneous Concentrates 

648. Distillers’ com dried grains; distillers’ rye dried grains. — 

These by-products are produced in the manufacture of distilled liquors 
and alcohol from cereals. The grain — corn, rye, barley, etc. — ^is ground 
and mixed with barley malt and warm water. The mixture, called the 
mash, is held at the proper temperature for the diastase in the malt to 
convert the starch in the mixture into sugar. In the next stage of the 
process the sugar in the watery mash is converted into alcohol by the 
action of yeast. After the fermentation is completed, the alcohol is 
distilled off, leaving a watery residue, called distillery slop. 

The solid matter is usually strained out of this slop and dried to 
form distillers^ dried grains. This consists of the portions of the grains 
and malt which are not acted on during the fermentation process ; i.e., 
the protein, fat, and also the pentosans in the nitrogen-free extract. 
In addition it includes much of the yeast formed in the fermentation. 

Since distillers’ dried grains which are produced chiefly from com 
differ markedly in composition and feeding value from those chiefly 
from rye, the grains should be called either distillers^ com dried grains 
or distillers^ rye dried grains, depending on the grain which predom- 
inates. 

Distillers^ corn dried grains are considerably higher in value than 
the rye grains, and usually have 28 per cent or more of protein, aver- 
aging 30.6 per cent. In addition, they are rich in fat, usually containing 
9 to 11 per cent or even more, and they have only 10.8 per cent of 
fiber, on the average. Distillers’ corn grains are about as bulky as wheat 
bran, but they rank high in amount of total digestible nutrients. They 
furnish 85.0 lbs. of total digestible nutrients per 100 lbs., which is even 
more than is supplied by such feeds as corn grain, com gluten feed, 
linseed meal, and cottonseed meal. Some of the distillers’ grains sold 
as distillers’ com dried grains are of distinctly lower value than the 
usual grade, being lower in both protein and fat. 

Distillers’ com grains are deservedly a popular feed for dairy 
cattle, and are chiefly used for this purpose. The high opinion dairy- 
men have of them is due not only to the richness in nutrients, but also 
to the bulky nature. Though they are not especially well liked by stock 
when fed alone, there is no difficulty from this when they are fed in 
suitable mixtures. Indeed, distillers’ com grains are a common ingre- 
dient in mixtures for feeding dairy cows on official test. As is pointed 
out in Chapter XXY, distillers’ com grains are slightly superior to 
corn gluten feed for dairy cows. This would be expected from their 
composition and content of digestible nutrients. 

They may also be used satisfactorily as a protein supplement for 
beef cattle and sheep. If they are cheaper per ton than corn, distillers’ 
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com grains may be used in larger amounts than necessary to balance 
the ration, being then used as a substitute for part of the grain. In a 
New York test, fattening lambs made good gains on a mixture of one-half 
com and one-half distillers' corn grains,^® However, when the animals 
were fed the distillers' com grains as the only concentrate, the gains 
were very poor. 

A large allowance of distillers' com grains is not relished by 
horses, but they may form one-fourth of the concentrate mixture.^^ On 
account of the bulkiness, they should not comprise more than 15 to 20 
per cent of the ration for pigs, but may be fed in larger proportions 
to brood sows', if cheaper in price than grain. 

Distillers^ rye dried grains contain an average of only 18.1 per cent 
protein and 6.9 per cent fat, and they are much higher than distillers' 
com grains in fiber, averaging 17.0 per cent. They rank decidedly below 
distillers’ com grains in digestibility, furnishing but 62.9 lbs. total 
digestible nutrients per 100 lbs., which is less than in wheat bran. Con- 
sidering the wide difference in composition and digestibility, the rye 
distillers' grains are probably not worth more than about two-thirds as 
much per ton as the usual grade of distillers' com grains, though no 
direct comparisons of these feeds have apparently been made by the 
experiment stations. 

649, Distillery slop. — The distillery slop left after the alcohol is distilled from 
the fermented mash is sometimes fed to fattening cattle near the distillery. The 
whole slop contains only about 6 to 7 per cent dry matter, and the strained slop, 
after the wet distillers’ grains are removed, 5 per cent or less. 

Cattle fattened on distillery slop are allowed to drink all of the slop they will 
take. However, the slop is too watery to make good gains when fed only with hay 
or other roughage. To produce satisfactory gains the cattle should bo fed what hay 
or other dry roughage they care for, and at least one-third of the usual allowance 
of grain. No protein supplement is needed, as the slop is rich in protein, on the 
dry basis. The slop sometimes has an unduly laxative effect, and therefore the 
roughages should be such as will tend to counteract this action. Hay from the 
grasses, straw, cottonseed hulls, oat hulls, or oat mill feed are good for the purpose. 

A method has recently been developed of drying the whole, unstrained distillery 
slop. Dried rye slop of this kind contains about 30 per cent protein, 3 per cent fat, 
and only 8 per cent fiber. Judging from the chemical composition, its value is 
considerably higher than that of ordinary distillers’ rye dried grains. 

660. Yeast dried grains; vinegar dried grains. — Yeast dried grains and vinegar 
dried grains are by-products from the manufacture of yeast and of malt vinegar 
from the cereals and other products. As is shown in Appendix Table I, they are 
similar to distillers’ rye dried grains in composition, and they probably have about 
the same feeding value. 

661. Industrial alcohol hy-product feed. — When alcohol is made from cane 
molasses, a dried by-product can be made from the residue which has about 31 per 
cent protein, 9 per cent fat, and 9 per cent fiber. In Maryland tests it was found 
that this feed was not palatable when fed alone, and that the protein was not of 
good quality when used as the only source of protein.zs 

For these reasons this by-product should be mixed with well-liked feeds and 
used along with protein supplements of better quality. Very good gains were pro- 
duced when pigs were fed a combination of one-half of this feed and one-half of 
fish meal as a supplement to corn. 

662. Brewers* dried yeast. — In Euroj^e the yeast growth which is filtered from 
beer after the fermentation is completed is often dried for stock feeding. Sometimes 
the yeast is included in the brewers’ dried grains. 
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Brewers’ dried yeast contains 40 per cent or more of protein, and it has been 
used for a considerable time in Europe as a protein supplement for the various 
classes of stock. It is not only high in protein, but the protein is of good quality. 
Also, it is very rich in vitamins B and G, which gives it a special value in poultry 
feeding. 

In Canadian experiments brewers’ dried yeast was equal to linseed meal for 
dairy cows when fed as a supplement to a ration of grain, silage, and hay .29 Both 
on account of its richness in protein and its rather bitter taste, dried yeast should 
not ordinarily form more than 10 per cent of the concentrate mixture for stock.so 
However, in Germany dairy cows are fed as much as 2 to 4 lbs. per head daily; 
horses, 1 to 2 lbs. or more; and swine, 0.3 to 1.3 Ibs.si The yeast should be heated 
sufficiently high in the drying process to kill the yeast cells, as otherwise marked 
fermentations may be produced in the digestive tract when much is fed, resulting 
in indigestion. • 

The use of yeast as a vitamin supplement has been discussed in Chapter VI. 

( 198 ) 

653. Apple pomace; apple pectin pulp. — The wet apple pomace which remains 
when the juice is expressed from apples for cider or for vinegar averages 21 per 
cent in dry matter, in comparison with 28 per cent for silage from well-matured 
corn. Apple pomace has only one-third as much digestible protein as such corn 
silage and is also slightly lower in total digestible nutrients. Apple pomace may be 
fed fresh, it may be ensiled, and it is sometimes dried to make dried apple pomace. 

Though apple pomace silage is lower in nutrients than corn silage, it has proven 
to be a good substitute for corn silage in feeding dairy cows, being approximately 
equal to corn silage in value per ton .-^2 it should be fed after milking, to avoid 
tainting the milk. 

Dried apple pomace may be used in the same manner as dried beet pulp, and it has 
given very satisfactory results. In experiments where dried apple pomace has been 
substituted for an equal weight of dried beet pulp in a dairy ration, the cows have 
usually produced slightly less milk and fat.'^^ Considering the amount of feed 
required per 100 lbs. of milk, dried apple pomace has been worth 75 per cent or 
more of the price of dried beet pulp. 

Apple-pectin pulp is the residue left when the pectin is extracted from apple 
pomace for jelly making. Dried apple-pectin pulp was not as palatable to dairy 
cows as dried beet pulp in a test by the United States Department of Agriculture, 
when both were fed after soaking with water.34 This difficulty can be avoided by 
mixing the apple-pectin pulp with well-liked concentrates. 

664. Pineapple bran or pulp. — A considerable amount of pineapple bran, also 
called “dried pineapple pulp,” is produced at the canning factories in Hawaii. This 
is used in Hawaii for stock feeding and a considerable proportion is shipped to the 
Pacific-Coast states. Pineapple bran consists principally of the outer shells of the 
pineapples, and also sometimes the cores. The material may or may not be pressed 
to extract juice before it is dried, and cane molasses is sometimes added to the 
product. 

Pineapple bran resembles dried beet pulp in composition, except that it contains* 
only 4 per cent protein. In Hawaiian experiments good results were secured when 
it formed one-third to two-thirds of the concentrate mixture for dairy cows.^s It 
was also satisfactory for work mules when forming 53 per cent of the concentrates, 
and for pigs when used as 30 to 50 per cent of the concentrates. 

Pineapple bran is fed extensively to horses and mules on Hawaiian plantations 
as a substitute for grain, forming as much as one-half of the concentrate mixture. 
California dairymen consider pineapple bran a good substitute for dried beet pulp. 
Sometimes it is soaked before feeding and used as a substitute for silage. In diges- 
tion trials by the California Station pineapple bran was not digested as completely 
by sheep as would be expected from the results that have been secured in the feeding 
tests with the product.36 



402 


FEEDS ANt) FEEDING 


656. Oltrus by-products. — At the citrus-fruit canning factories, which make 
citrus fruit juices, canned fruit, and other products, a considerable amount of waste 
Remains. This consists of the peel, the “rag'* (residue of the inside portion), the 
seeds, and more or less cull fruits. Sometimes the citrus-peel oil is removed from 
the orange and lemon peel for flavoring extracts. The citrus by-products may be fed 
in fresh forih near the canneries, or they may be dried. The dried orange and lemon 
by-products are often not palatable to stock and therefore should be mixed with 
better-liked feeds. 

Dried orange pulp is lower in fiber and richer in nitrogen- free extract than dried 
beet pulp and supplies slightly more total digestible nutrients per 100 lbs. In a 
California test dried orange pulp was approximately equal to dried beet pulp for 
dairy cows, when fed as part of a suitable concentrate mixture.s^ The fresh orange 
pulp was more palatable than the dried pulp. Dried orange waste, consisting chiefly 
of the peel, was palatable to cattle in a Florida test and had a moderate laxative 

effect.38 

Dried grapefruit refuse is fully equal to dried beet pulp in content of total 
digestible nutrients, as shown by Florida experiments.38 Cattle would soon eat it 
without mixture with other feeds. The grapefruit refuse seemed to have a good effect 
on the thrift of the cattle, for it was mildly laxative and tended to produce a sleek, 
oily condition of the hair. Dairy cows fed dried grapefruit refuse gave good yields 
of milk. ’ < 

Dried lemon pulp, a by-product in the manufacture of citric acid from lemons, 
consists of the extracted peel, pulp, and seeds. On account of the bitter taste, it is 
not palatable to stock and must be mixed with better-liked feeds. In California tests 
it was equal to dried beet pulp in content of total digestible nutrients.ae 

656. Cull raisins; raisin and grape by-products. — When available, cull raisins 
may be used for stock feeding as a partial substitute for grain. In California trials 
they were worth 82 per cent as much as barley for fattening lambs, when approxi- 
mately 1 lb. of cull raisins was fed to each 2 lbs. of barley, along with alfalfa hay.4o 
In tests with pigs, satisfactory gains were produced when cull raisins replaced 
one-third to one-h^lf the barley in a ration of barley with skimmilk or tankage as 
the supplement.41 However, the relative value of the cull raisins per 100 lbs. was 
not so high as for Iambs. 

Raisin pulp is a by-product from the production of seeded raisins or of the 
manufacture of syrup from raisins. It is of much lower value than cull raisins, 
it is higher in fiber and the raisin seeds have little value for stock. In California 
trials with fattening lambs raisin pulp was worth only 59 per cent as much as barley, 
when fed as a substitute for part of the grain in a ration composed of barley and 
alfalfa hay .^2 

Grape pomace, or grape-seed meal, which consists chiefly of the seeds and skins 
left in the production of grape juice or wine, is of such low value that it should 
not be used for feeding. In a New York trial ground grape pomace had no value 
whatsoever for pigs, when used as a partial substitute for grain.^a 

667. Olive pulp. — Dried olive pulp, consisting of whole olives, minus the oil, 
was found to be practically valueless as a feed in California tests, even though finely 
ground.36 Nearly 40 per cent of the product consisted of the pits. To be of value 
for feeding, the pits should be removed from the by-product. 

665. Tomato pomace. — This by-product in the manufacture of tomato juice or 
tomato catsup consists chiefly of the skins and seeds. It is sometimes dried to form 
dried tomato pomace, which contains 20 per cent or more of protein and 12 per cent 
or more of fat, but which has about 30 per cent fiber. 

Dried tomato pomace was satisfactory for dairy cows in Delaware trials, when 
forming 15 per cent of the concentrate mixture.^^ In another test, when wet tomato 
waste was added to a ration of hominy feed and tankage for pigs, the gains were 
increased .45 On account of the richness of dried tomato pomace in vitamin A, it is 
sometimes used in poultry rations as a vitamin-A supplement. 
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669. Cassava or maniliot meal. — This by-product is produced in the manufac- 
ture of starch from the roots of the tropical cassava. (485) It is rich in nitrogen- 
free extract and low in fiber^ but it has an unusually small amount of protein and 
fat. It may be used as a substitute for part of the grain in feeding dairy cows and 
other stock, being approximately equal to grain in value, except for its lowness in 
protein.*e 

660. Acorns. — In some portions of the South and in California, acorns, the 
nuts of the oak (Quercus, spp.), are of importance in swine feeding, the pigs usually 
being allowed to forage upon the scattered nuts. Acorns may be used for other stock 
in limited amounts. Poisoning has been reported where stock ate damaged acorns 
or too large amounts of acorns. 

661. Stale bread; bakery waste. — Sometimes stale bread or other bakery waste 
can be secured at a price that makes it an economical stock feed. Such waste can 
be used in place of part of the grain usually fed. Bread, though apparently a dry 
feed, usually contains over 30 per cent water. Therefore its feeding value will be 
only about three-fourths that of an equal weight of corn or other grain. 

Kiln-dried bakery waste is similar to grain in composition, except that it is lower 
in fiber and may be higher in fat. In Pennsylvania trials kiln-dried stale bread, fed 
after being moistened with water, was about equal to corn for pigs on pasture, but 
was constipating unless fed with some laxative feed.^r Stale crackers were somewhat 
less valuable. 

662. Miscellaneous feeds. — Palmo middlings, or ‘‘palmo midds,” is a by-product 
in the making of tin plate. In preparing the tin plate for the market the excess 
of palm oil on the plate is removed by scouring it with wheat middlings (often 
containing some ground wheat screenings). This mixture of middlings with a small 
amount of oil is sold as palmo middlings. Occasionally the feed is adulterated with 
finely ground peanut hulls. 

This by-product usually contains 7 to 10 per cent of fat or oil and is slightly 
lower in protein than standard wheat middlings. It should be used in the same 
manner as wheat middlings in stock feeding and is chiefly fed to swine. On account 
of the rather high oil content it had best not form more than 20 to 25 per cent of 
the concentrate mixture. In experiments in which it has been compared with stan- 
dard wheat middlings as a feed for pigs, palmo middlings has, on the average, been 
worth slightly less per ton than the standard middlings.48 

In addition to the oil meals previously discussed in Chapter XVIII the following 
are of minor importance; 

Babassu oil meal is produced from the hard-shelled seed of a Brazilian palm 
(Orbignya speciosa). It is similar in composition to coconut oil meal, averaging a 
trifle higher in protein. It is palatable to stock and in a Danish trial was about equal 
to coconut oil meal for dairy cows.^sa Like palm-kernel oil meal, it seems to cause a 
slight increase in the fat percentage in milk. 

Tucum-nut oil meal is produced from the seed of tucum palms (Astrocaryum, 
spp.). 

Boppy-seed oil meal or cake is the by-product from the production of oil from 
the seed of the opium poppy (Bapaver sommiferum). It contains about 36 per cent 
protein. Since it has weak narcotic properties, due to the presence of opium alkaloids, 
it is not generally fed to young animals or to breeding stock. The amount for dairy 
cows should be limited to 2 or 3 lbs. per head daily, since a greater amount is said to 
decrease the fat percentage of the milk. 

Berilla oil meal is the by-product from the production of oil from the seed of 
perilla plants (Berilla, spp.), Chinese plants which are members of the mint family. 
This oil meal contains 37 to 38 per cent protein, but is high in fiber, having over 
21 per cent. In digestion trials at the California Station perilla oil meal was palata- 
ble to sheep. The protein and fat were well digested, but the digestion coefficients 
for the fib|r and the nitrogen-free extract were low.^sb 
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Kapok oil meal is the by-product from the manufacture of oil from the seed' of 
the kapok tree (Ceiba pentandra). Kapok fiber adheres to the seed of this tree in a 
manner somewhat similar to that found in the cotton plant. Kapok oil meal was so 
unpalatable to sheep in a California trial that the digestibility of the feed could not 
be determined.*8b 

663. Garbage. — Until the discovery of methods of vaccination against hog 
cholera^ most attempts to feed swine household garbage on a large scale were unsuc- 
cessful, due to heavy losses from this disease. Now, however, the garbage from a 
large number of cities is fed to swine. In most cases the garbage is fed by con- 
tractors who purchase the collected garbage from the cities or else collect it them- 
selves under rigid rules. 

Garbage varies greatly in composition and feeding value, but on an average 
and allowing for normal losses of hogs by death, a ton of municipal garbage may 
be expected to produce 40 lbs. of marketable live weight of hog. Garbage of 
excellent quality, such as that from large hotels and restaurants, may be worth twice 
as much, or even more.^a 

The garbage must be collected with reasonable frequency and be free from tin 
cans, soap, broken glass, and other undesirable or injurious foreign articles. The 
public should be kept informed that the garbage is being fed, so they will not put 
in such material. Usually it is best for the cities to make the collections and then 
dispose of the garbage to individuals or corporations on a contract basis, unless the 
city operates its own hog-feeding farm. Long-time contracts are likely to be most 
satisfactory, for they tend toward a better class of equipment and more sanitary 
conditions. 

The pigs to be fed may be bought as feeders or may be raised. Methods of 
feeding, handling, housing, and care may differ considerably, so long as the essen- 
tials of sanitation and hog comfort are observed. Equipment for feeding should 
be adapted to the type of garbage available and to local conditions, climate, and 
transportation. 

Raw garbage generally is better for hogs than cooked garbage. Frozen garbage, 
however, should be thawed before feeding. As a rule, the use of grain as a supple- 
mentary feed is not an economical practice, but grain may be used to advantage 
when the supply of garbage is temporarily short. Thorough immunization against 
hog cholera is very important, because of raw pork scraps frequently deposited in 
garbage cans. Garbage-fed hogs show no greater susceptibility to other diseases 
than grain-fed animals. The pork is as good in quality as that produced on other 
feeds, and average garbage-fed hogs sell at practically the same prices as average 
grain-fed animals. 

664. Processed garbage, or table scrap meal. — Sometimes city garbage is proc- 
essed and dried, with the production of processed garbage (also called “table scrap 
meal,” or “garbage tankage”) and the recovery of some fat for industrial uses. 
The dried processed garbage is a product much different in composition and value 
from digester tankage or meat scraps, and usually contains only 14 to 18 per cent 
protein. 

It can be used to replace part of the tankage or fish meal in swine rations, but 
should not be used as the only supplement to grain for young pigs, even when they 
are. on good pasture. In 6 comparisons at the Indiana and Missouri Stations young 
pigs fattened to market weight on corn, processed garbage, and good pasture gained 
only 1.17 lbs. per head daily in comparison with 1.50 lbs. for others fed corn and 
digester tankage on good pasture.so Not considering the difference in rate of gain, 
each 100 lbs. of the digester tankage was equal to 111 lbs. processed garbage plus 
114 lbs. corn in feeding value. 

When pigs on pasture were fed a supplemental mixture of one-half processed 
garbage and one-half digester tankage, the gains were satisfactory, and the processed 
garbage had a considerably higher value. Likewise, in a trial at the Indiana Station 
with fattening lambs, a mixture of one-half garbage tankage and one-half meat 
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scraps was satisfactory as a protein supplement. However, garbage tankage as the 
only supplement was inferior to cottonseed meal or meat scraps.*®* 

666. Commercial mixed feeds. — The manufacture of commercial 
mixed feeds has become a very important industry in the United States. 
In 1929 there were, according to the Census, 750 establishments manu- 
facturing prepared feeds for animals and fowls, and the total value of 
the feeds produced was about $300,000,000 in 1927 and $400,000,000 in 
1929. Much larger tonnages of mixed feeds are manufactured for dairy 
cattle and for poultry than for other classes of stock. 

Most of the commercial mixed feeds on the market are intelligently 
and honestly made of good ingredients, and such feeds produce very 
satisfactory results. In purchasing mixed feeds one should consider the 
general reputation of the manufacturers of the various brands of feed 
available. Particularly, he should determine whether any given manu- 
facturer has in the past been fully meeting his guarantees of composition 
and of declared ingredients. 

As has been pointed out in Chapter IV, nearly all the states in 
this country now have laws governing the manufacture and sale of 
commercial feeds and publish reports on the guarantees for the various 
brands of feed on sale in the state, and also of the actual chemical analy- 
ses and ingredients, as found through the feed inspection service. Prom 
these reports one can readily determine whether or not any particular 
manufacturer is living up to his guarantees. 

In the opinion of the author there is no one best formula for a feed 
mixture for any class of stock, in spite of claims sometimes made to 
the contrary. Many formulas can be recommended that will produce 
excellent results, and the choice between them will depend solely on the 
prices of the various individual ingredients at any particular time. 

It has been emphasized in Chapter X that it is decidedly uneco- 
nomical to adhere to the same formula, month after month and year 
after year, without regard to the relative cost of the various individual 
ingredients that are available. Peed manufacturers can obviously study 
the changes in the prices of various feeds much more closely than most 
farmers. They are therefore in a position to make such changes in their 
formulas as are necessary to furnish efficient mixed feeds to their cus- 
tomers at the minimum price. 

Suitable concentrate mixtures and complete rations are recom- 
mended in Part III and in Appendix Table VII for each class of stock. 
It is believed that these mixtures and rations will all produce excellent 
results, when made up of good-quality feeds, and fed intelligently. It is 
hoped that these recommendations may be helpful both to farmers and 
to those manufacturing mixed feeds. 

In deciding whether to buy a commercial mixed feed, or to mix a 
suitable feed himself, one should base his decision on the ‘cost of the 
mixed feed and the cost of the home mixture, including the labor in- 
volved in the home mixing. The factor of convenience must also be 
taken into consideration. In the comparisons summarized in Part III 
that have been made by the experiment stations of commercial mixed 
feeds and of home-mixed rations, the latter have generally proven fully 
as efficient, and in some cases have been superior. 

It will often be found that a high-grade mixed feed can be pur- 
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chased at a price little or no higher than it would cost to mix a feed 
of the same actual value on the farm. The wise manufacturer secures 
his profits by building up a large volume of sales through selling his 
feed on a narrow margin of profit. He uses his ability to purchase 
ingredients in large quantities and his knowledge of the prices and 
values of the various available ingredients to put on the market feeds 
that furnish nutrients at as low a cost as possible. 

Especially in using molasses, the feed manufacturer has a great 
advantage over the individual farmer. When bought by the feed manu- 
facturer in tank cars, molasses is often the cheapest source of carbo- 
hydrates in many parts of the country. Yet, when purchased by a 
farmer in barrels^ molasses may be more expensive than grain, 

666. Lower-grade feeds. — A large proportion of the commercial 
mixed feeds are made of only high-grade ingredients. Others, especially 
some of those for cattle, contain more or less of cheaper products, such 
as grain screenings, oat hulls, and oat mill feed. These materials have 
a definite feeding value and can be used best when intelligently com- 
bined in reasonable proportions with feeds of higher value.* In par- 
ticular, molasses adds to the palatability and usefulness of a mixture 
containing considerable grain screenings. 

Mixed feeds of this character are therefore entirely legitimate when 
honestly sold for what they actually are. In purchasing such feeds one 
should use proper discrimination and not pay more than the product is 
really worth, as shown by the chemical analysis and the guaranteed 
ingredients. 

667. Open formulas vs. closed formulas. — There has been consid- 
erable discussion during recent years concerning the advantages and dis- 
advantages of ‘‘open formulas’’ and ‘^closed formulas” for commercial 
mixed feeds.®^ In open-formula feeds, not only are the ingredients 
declared and the usual guarantees made as to content of protein, fat and 
fiber, but also the number of pounds of each ingredient in a ton of the 
mixture is stated. In the case of closed-formula feeds, the ingredients 
are usually stated, for this is required under the feeding stuff laws in 
most states, but the amount of each of the ingredients is not specified. 

Thus far, the open-formula method has been used chiefly by co- 
operative organizations of farmers manufacturing mixed feeds, and the 
method has distinct advantages when used by such organizations. The 
exact amount of each ingredient is known at a glance, and one can 
readily compare the cost of the feed with the cost of making the same 
or a similar mixture on his own farm. 

The amounts of digestible protein and of total digestible nutrients 
in the mixture can really be computed, and the computations can be 
checked by anyone from such tables as Appendix Table I of this volume. 
The amouiits of digestible protein and of total digestible nutrients are 
usually stated on the feed tag, along with the open formula. These 
figures are necessary if one desires to compute a balanced ration accu- 
rately in accordance with the feeding standards. 

Such data are not commonly given by manufacturers of closed-for- 
mula feeds, and, if given, the accuracy of the figures cannot be checked, 
because the amounts of the various ingredients are not known by the 
purchaser. 
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Unfortunately, there is no method by which the exact amount of 
any feeding stufiE in a mixed feed can be determined with accuracy. The 
best that can be done by a skilled microscopist is to ascertain whether 
any particular ingredient is present and to estimate approximately the 
proportion in which it occurs. The laws can be enforced that require 
the ingredients in a commercial feed to be declared, for the microscopist 
can testify definitely on the witness stand that he has or has not iden- 
tified any particular ingredient in the feed. 

On the other hand, a law requiring that the manufacturer guaran- 
tee the amount of each ingredient in a mixed feed could not be enforced. 
This is because the amounts of the various individual ingredients could 
not be determined with sufficient accuracy to serve as a basis for prosecu- 
tion when the law was violated. 

One of the reasons why nearly all private manufacturers of mixed 
feeds have been unwilling to adopt the open-formula plan, is that this 
might make possible unfair competition from unscrupulous competitors. 
Such competitors could print the same formulas on their feed bags, but 
cheapen the actual composition of their feeds by making certain changes 
in the proportions of various ingredients. Nevertheless, they could meet 
the same guarantees of ingredients and of content of protein, fat, and 
fiber. Therefore they could not be prosecuted under any feeding stuff 
law. Such an unscrupulous manufacturer could sell his cheaper feeds 
at a lower price than the first concern could sell the feeds which had 
been made according to the published formulas. Yet he might claim 
that his feeds were the very same products as those made by the honest 
manufacturer. 

In addition, if a feed manufacturer believes that through knowledge 
and experience he has developed formulas that are particularly efficient, 
he may naturally hesitate to give this information to his competitors by 
using the open-formula plan. 

668. Mixing feed on the farm. — Statements are sometimes made 
that it is difficult to mix on the farm several ingredients into a mixture 
that is sufficiently uniform to produce the best results in stock feeding. 
As a matter of fact, it is a relatively simple task to mix a suitable con- 
centrate mixture. All that is needed is a smooth, tight barn floor, a 
scoop shovel, and someone to use it with willingness and average 
intelligence. 

One should first decide on the exact amount of each ingredient to 
be put in each ton, or perhaps each 1,000 lbs. of the mixture, and write 
down this formula, so it can be followed exactly. Then the floor should 
be swept, and the ingredients assembled. Scales should be at hand to 
weigh the feed, if full 100-pound sacks of each ingredient are not to 
be used. 

Some of the ground grain, if it is the chief ingredient, should be 
spread on the floor to a depth of a few inches. Then a layer of each 
of the other ingredients should be distributed over the grain, and the 
process repeated until a long pile has been made, two or three feet deep. 
If only a small amount of some ingredient is used, as in the case of 
salt or another mineral supplement, this had best be distributed evenly 
over the top of the pile. 

Now, starting at one end, the feed is shoveled into a new pile of 
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the same shape, a convenient distance from the first pile. Shoveling 
the mixture over three times will usually make it sufficiently uniform. 
Where a large amount of feed is mixed on a farm each year, it is 
advantageous to use one of the small feed mixers that have been devel- 
oped for farm use. 

669. Stock foods; condition powders; tonics. — In spite of the 
advice of the experiment stations to the contrary, the farmers in this 
country spend millions of dollars each year for various products called 
‘‘condition powders,’’ “stock tonics,” etc. Tests of many stock tonics 
by the experiment stations show clearly that there is generally no advan- 
tage in their use. Farm animals managed with reasonable care havo 
appetites which do^ not need stimulating. Sick animals or those out of 
condition should receive specific treatment rather than be given some 
cure-all. A good stockman has no need of high-priced stock foods or 
condition powders, and a poor manager will never have fine stock by 
using them. 

The testimonials which the stock-tonic companies advertise are 
readily explained. The stock tonics are usually accompanied by direc- 
tions which advocate liberal feeding and good care for the animals to 
be fed, in order to “secure the benefits from the tonic.” The farmei 
therefore feeds and cares for his stock better than ever before and 
secures better results, due not to the tonic but to following the direc- 
tions which accompanied it. Bather than purchase advice with costly 
tonics, the wise feeder will secure it in standard agricultural papers 
and books, or from the experiment stations and the United States 
Department of Agriculture. 

In rare cases some conditioner may be helpful to stimulate the appe- 
tite or otherwise improve the general thrift of the animal. A formula 
recommended by Doctor* Hadley of the Wisconsin Station®^ is : Common 
salt, 280 lbs. ; dried iron sulfate, 16 lbs. ; powdered wood charcoal, 12 lbs. ; 
and flowers of sulfur, 8 lbs. These materials should be well mixed or 
ground together to make a powder. This mixture, which, it will be 
noted, consists chiefly of common salt, should be kept in suitable boxes 
so that the animals may have free access to it. 

* Artificial Carlsbad salt is used among veterinarians, as a condi- 
tioner, especially for horses. The formula for this is as follows:®^ 
Dried sodium sulfate, 40 parts by weight ; sodium bicarbonate, 35 parts ; 
common salt, 15 parts; potassium sulfate, 2 parts. The ingredients 
should be mixed and powdered. For mature horses 1 to 2 heaping 
tablespoonfuls, and for mature cattle 1.5 to 3 heaping tablespoonfuls 
should be given 2 or 3 times daily on the feed. The dose for swine or 
sheep is one-fifth as much as for horses. Half-grown animals should be 
given half as much as mature animals; younger ones one-eighth to 
one-fourth the full dose ; and sucklings one-sixteenth the full dose. 

670. Mineral mixtures; vitamin preparations. — Many mineral mix- 
tures have been extensively advertised during recent years, since the im- 
portance of minerals in stock feeding has been realized. Some of these 
are honest efforts to supply at a reasonable price the minerals which 
may be lacking in certain rations. Extravagant claims are made for 
others, or they are sold at excessively high prices or are even of poor 
quality. 
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It has been pointed out in Chapter VI that simple mineral mixtures, 
such as are there recommended, will produce just as good results as 
complex mixtures that contain a large number of ingredients. One 
cannot therefore afford to pay much more for a commercial mineral 
mixture than it would cost him to make up a suitable mixture on the 
farm. The stockman should always view with suspicion those brands of 
mineral mixtures for which extravagant claims are made. 

The vitamin requirements of farm animals have been considered in 
detail in Chapter VI. It has there been shown that, for all livestock 
except poultry, an ample supply of the necessary vitamins can readily 
be provided in rations made up of common feeds, without the use of 
special vitamin supplements. 

In spite of claims that are sometimes made to the contrary, there is 
no scientific evidence that any mineral mixture or vitamin supplement 
will prevent or cure Ranges disease (contagious abortion) in cattle. 
This disease must be clearly distinguished from the rare cases of abortion 
that may be produced by a serious lack of vitamins and minerals. 

671. Kelp ajttd mixtures containing kelp. — During recent years dried 
kelp and also proprietary mixtures consisting chiefly of dried kelp and 
fish meal have been produced as supplements for livestock. Dried kelp, 
or kelp meal, is prepared from giant sea weeds, called kelp. It contains 
over 30 per cent mineral matter, including 0.15 to 0.20 per cent of iodine, 
and also various other essential minerals. On account of the iodine con- 
tent, kelp can be used as an iodine supplement to prevent goiter or other 
troubles caused by an iodine deficiency. 

Experiments have been conducted by the Indiana, North Carolina, 
and Ohio Stations with swine, by the Ohio Station with dairy cows, by 
the Utah Station with fattening lambs, and by the Wisconsin Station 
with chicks to find whether or not there was a benefit from adding kelp 
to the usual type of well-balanced rations.®^ Rations containing Manamar, 
a proprietary mixture consisting chiefly of kelp and fish meal, have 
been compared with well-balanced rations containing no kelp in experi- 
ments at the Ohio Station with dairy heifers and dairy cows, at the 
Michigan Station with swine and poultry, at the New Jersey Station 
with dairy calves and heifers and with growing and fattening pigs, and 
at the Arizona Station and the West Virgina Station with poultry.®® 

After considering the results of these various tests, it is the opinion 
of the author that it has not yet been proved in scientific investiga- 
tions by the experiment stations that rations containing kelp will gen- 
erally produce results that are definitely or significantly superior to 
those that can be obtained on rations that contain no kelp, but which 
provide sufficient protein and protein of the proper quality, and which 
have no lack of iodine or the other essential minerals. (Chapter VI.) 

A long-time experiment is now in progress at the New York 
(Geneva) Station to determine the value of kelp for dairy cattle, and 
the value of Manamar for dairy cattle is being investigated in experi- 
ments at the New Jersey Station and the Michigan Station. Since these 
experiments have not been completed, results have not yet been published. 
These investigations should provide further information concerning the 
value of these products. 
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QUESTIONS 

1. State 7 merits of milk as a food for young mammals. What limitations doe« 

milk have as an exclusive food for long periods? 

2. What is the composition of cow's milk? To what extent is whole cow's milk 

used in stock feeding? 

3. Compare the composition and nutritive value of .skimmilk and whole milk. 

4. Discuss the compoisition and value of buttermilk; of whey. 

5. Why should dairy by-products be pasteurized or sterilized before being hauled 

from a creamery or cheese factory to the farm for stock feeding? 

6. For what purpoees are the following used in stock feeding and what is the 

relative value of each: (a) Dried skimmilk; (b) dried buttermilk; (c) con- 
densed buttermilk; (d) dried whey; (e) cheese meal? 

7. Describe the two processes used in producing tankage. 

8. What is the approximate protein content of the most important grades of 

digester tankage and of meat scraps? 

9. Discuss the use of tankage and meat scraps in stock feeding. 

10. What is rendering-plant tankage, or reduction tankage? 

11. For what purpose is blood meal chiefly used in stock feeding? 

12. Tell about the production of fish meal and discuss the nutritive value of fish meal. 

13. For what classes of stock is fish meal chiefly used? Why is this so? 

14. What by -products are obtained in the manufacture of sugar from sugar-beets; 

from sugar cane? 

15. Discuss the composition, value, and use of cane molasses for feeding. 

16. In what respects does beet molasses differ from cane molasses? 

17. Discuss the composition and value of; (a) Wet beet pulp; (b) dried beet 

pulp; (c) dried molasses-beet pulp; (d) molasses feeds; (e) alfalfa-molasses 
feeds. 

18. Compare the composition and value of distillers' corn dried grains and dis- 

tillers' rye dried grains. 

19. Discuss the composition and value of any of the following that are available 

on your local feed markets; (a) Yeast dried grains; (b) vinegar dried 
grains; (c) industrial alcohol by-product feed; (d) brewers' dried yeast; (e) 
apple pomace; (f) pineapple bran; (g) citrus by-products; (h) raisin by- 
products; (i) tomato pomace; (j) cassava meal; (k) stale bread or other 
bakery waste; (1) palmo middlings. 

20. What use can be made of garbage in stock feeding? What are some of the 

essentials in feeding garbage? 

21. How should a farmer decide whether to buy a commercial mixed feed or to 

prepare a suitable mixture on the farm? 

22. What is meant by open formulas and closed formulas for mixed feeds? What 

are the advantages of each? 

23. Tell how you would prepare a concentrate mixture on the farm. 

24. Discuss the use of stock feeds, condition powders, and tonics. 

25. What is your opinion concerning the use of complex mineral mixtures for 

livestock? 
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MANURIAL VALUE OP FEEDING STUFFS 

672. Importance of manure in maintaining fertility. — On livestock 
farms it is highly important that efficient use be made of the farm 
manure, so as to maintain and build up the fertility of the fields at 
minimum expense. Unless the plant food removed from the soil by the 
growth of crops is returned in some form, the land will sooner or later 
be so reduced in fertility that profitable crops cannot be grown. 

Already the soil in many once-productive areas of this country has 
been ‘‘mined*’ to such an extent that good crops are possible only when 
commercial fertilizers are liberally applied. While the purchase of 
commercial fertilisers is wise when they are needed, they should be used 
on stock farms as supplements to farm manure. 

673. Farm manure as a fertilizer. — ^Parm manure, like commercial 
fertilizers, is valued chiefly on the basis of the amounts of nitrogen, 
phosphorus, and potassium it contains. These fertilizing constituents 
and calcium are the only plant foods which ordinarily need to be 
replaced of those that are removed from the soil by crops. The neces- 
sary nitrogen may, as we have seen, be indirectly obtained from the air 
by growing legumes, but in practice much is purchased in commercial 
fertilizers, along with phosphorus and potassium. 

Not only does farm manure supply plant food but also the organic 
matter helps to increase the productivity of the soil. As this organic 
matter gradually breaks down in the soil, the acid products help dis- 
solve and make available to plants some of the otherwise insoluble plant 
food in the soil. Furthermore, the humus formed from the organic 
matter of manure helps retain moisture in the soil, improves its texture, 
and renders it more resistant to wind action. The value of adding 
organic matter to the soil is shown by the fact that green manuring 
crops are often grown and turned under, solely to increase the humus 
content. 

Manure also has a beneficial effect, due to the great numbers of 
various kinds of bacteria that it contains. These cause chemical changes 
not only in the manure but also in the soil itself, converting insoluble 
plant food into forms available for crop growth. 

Experiments have shown that the fertilizing constituents present in 
manure when it is applied to the land have as high a value as those 
in high-grade commercial fertilizers. The cost of nitrogen, phosphorus, 
and potassium in commercial fertilizers at any time varies considerably, 
depending on the type of fertilizer and the section of the country. In 
this chapter the following prices are used in computing the fertilizing 
values of feeding stuffs and of farm manures : Nitrogen, 11 cents per 
pound; phosphoric acid, 5 cents per pound; and potash, 5 cents per 
pound. 

The amount of phosphorus in a commercial fertilizer is commonly 
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expressed in terms of phosphoric acid (P 2 O 5 ), instead of phosphorus 
(P). On the other hand, in animal nutrition and livestock feeding, 
the amount of the mineral is now more generally expressed as phos- 
phorus. Similiarly, the amount of potassium in fertilizers is usually 
expressed in terms of potash (KgO), instead of potassium (K). 

The preceding prices for phosphoric acid and potash are equivalent 
to 11.4 cents per pound for phosphorus and 6.0 cents per pound for 
potassium. 

674. Fertilizing constituents recovered in manure, — The fertilizing 
constituents in manure come entirely from the feed consumed, for an 
animal creates no fertility value. It merely voids in the feces and urine 
a greater or less percentage of the nitrogen, phosphorus, and potassium 
that is contained in the feed it consumes. The value of the manure 
therefore depends, j 8 rst of all, on the kind of feed the animal gets. 
Only feeds rich in these fertilizing constituents make rich manure. 

The proportion which is recovered in the manure of the total 
fertilizing constituents supplied in the feed, depends on the age and 
kind of animal. A mature animal which is not gaining in weight and 
which is not pregnant or producing milk will excrete in feces and urine 
all the fertilizing constituents in its feed, with the exception of the 
nitrogen used in the growth of hair or wool and the small amounts of 
the fertilizing constituents contained in the sweat. Thus, a mature 
work horse which is not gaining in weight and which is not pregnant 
or nursing a foal, will excrete in feces and urine practically all the 
nitrogen, phosphorus, and potassium in its ration. 

On the other hand, a young, growing animal will store in its body 
a considerable part of these constituents in its daily feed. For example, 
a young calf or lamb a few weeks old may store in its body two-thirds 
or more of the nitrogen and mineral matter that is supplied by the 
milk and other feed it consumes. Such an animal will therefore void 
in its excrement only one-third or less of the fertilizing constituents in 
its ration. (204) 

As an animal grows older, the proportion of nitrogen and mineral 
matter stored in growth rapidly decreases, and calves or lambs 5 months 
old or more will usually store only 20 to 30 per cent of the nitrogen 
in their ration, excreting the rest. In Illinois experiments 2-year-old 
fattening steers fed a liberal ration excreted in feces and urine 87 per 
cent of the nitrogen and phosphorus they consumed."^ Fattening pigs 
excrete about 85 per cent of the nitrogen and 96 per cent of the minerals 
contained in their ration.^ 

On account of the richness of milk in nitrogen and in phosphorus, 
well-fed dairy cows producing a good yield of milk, which are fed the 
usual types of well-balanced rations, will excrete in feces and urine 
only 60 to 70 per cent of the nitrogen in their ration and 40 to 60 per 
cent of the phosphorus.^ The proportion of potassium will be somewhat 
higher, ranging usually from 60 to 80 per cent. 

Considering the proportion of the various classes and ages of ani- 
mals on the average general farm, probably about 80 per cent of the 
fertilizing value of the feed is excreted in the feces and urine. On dairy 
farms, where most of the animals are cows in milk, the percentage will 
be somewhat lower. 
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676. PertUity and manurial value of feeds. — In buying or selling 
feeds, far too few farmers consider their value as fertilizers as well as 
their feeding value. The amounts of fertilizing constituents in the 
important feeds are given in Appendix Table I. To bring out certain 
points, there are presented in the following table these data for a few 
typical fee(k and also data for certain animal products. The fertility 
value of each has been computed at the rates for nitrogen, phosphorus, 
and potassium previously given. 

The last column gives the average manurial value of the various 
feeds. This has been computed on the assumption that when proper 
care is taken of the manure, there can be recovered in the manure for 
application on the land an average of 70 per cent of the phosphorus 
and potassium and 50 per cent ^ the nitrogen contained in the feed. 
These estimates take into consi^ration the fact that some losses of 
fertilizing constituents, especially of nitrogen, occur in the storage and 
application of manure, even when the precautions are taken which are 
mentioned later. Obviously, these manurial values hold good only when 

the manure is handled properly. 

« 

Fertilizing constituents in feeds and in animal products 



Fertilizing constituents 

Fertility 

Manurial 


Nitrogen 

Phosphorus 

Potassium 

value 
per ton 

value 
per ton 

Concentrates 

Percent 

Per cent 

Per cent 

Dollars 

Dollars 

Corn, dent, No. 2 

1.50 

0.27 

0.31 

429 

2.34 

Oats 

1.92 

0.33 

0.40 

5.46 

2.97 

Wheat 

2,10 

0.43 

0.44 

6.13 

3.37 

Wheat bran 

2.53 

1.32 

1.24 

10.06 

5.93 

Soybeans 

5.90 

0.60 

1.91 

16.64 

9.05 

Linseed meal 

5.63 

0.86 

1.27 

15.87 

8.63 

Cottonseed meal, 43% protein grade. 

6.91 

1.11 

1.36 

19.36 

10.51 

Tankage, 60% protein grade 

9.81 

6.21 

0.16 

35.93 

20.84 

Roughages 






Timothy hay i 

0.99 

0.14 

1.36 

4.13 

2.45 

Red clover hay 

1.89 

0.18 

1.58 

6.46 

3.69 

Alfalfa hay 

2.35 

0.21 

2.02 

8.07 

4.62 

Oat straw 

0.64 

0.13 

1.66 

3.70 

2.31 

Com silage 

0.37 

0.06 

0.30 

1.31 

0.75 

Animal products 






Fat steer 

2.56 

0.59 

0.14 

7.15 


Fat pig 

2.32 

0.37 

0.13 

6.10 


Milk 

0.56 

0.09 

0.14 

1.61 


Butter 

0.14 

0.02 

0.01 

0.37 



The table shows that the fertility value of com grain is $4.29 per 
ton. This means that the nitrogen, phosphorus, and potassium removed 
from- the soil in each ton of com would cost about $4.29 if bought in 
commercial fertilizers. The manurial value of com grain is $2.34 per 
ton, which means that the manure resulting from feeding a ton of the 
grain to stock will, on the average, supply about $2.34 worth of fertil- 
izing constituents, if proper care is taken of the manure. 
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The fertility values and the manurial values are somewhat higher 
for oats and wheat than for com, because these grains contain more 
nitrogen, phosphorus, and potassium than does com. The values for 
the protein-rich feeds, such as soybeans, linseed meal, cottonseed meal, 
and tankage, are high, due to their richness in nitrogen and also in 
minerals. If legume crops, such as soybeans, are properly inoculated, 
the amount of fertility removed from the soil is much less than indicated 
by the fertility value of the crop. This is because most of the nitrogen 
will have been secured from the air, instead of from the soil. 

When such protein-rich feeds as cottonseed meal, linseed meal, and 
tankage are purchased and fed to stock and proper care is taken of the 
manure produced, a double return is secured. The first return comes 
from the high feeding value of these protein supplements, and the sec- 
ond comes from the fertility added to the soil. 

The fertility value of legume hay is much greater than that of grass 
hay, because of its richness in protein. It is important to note that 
when legume hay is fed to stock and proper care is taken of the manure, 
each ton of red clover hay will add $3.69 worth of plant food to the 
soil and each ton of alfalfa hay, $4.62. 

676. Selling fertility. — The preceding table further shows that 
those who sell such crops as hay, com, and wheat, part with more 
fertility for a given sum than do those who sell animals or their prod- 
ucts. The farmer who sells 1,000 lbs. of clover hay, worth $6 to $10, 
parts with about as much fertility as if he had sold 1,000 lbs. of fat 
cattle or pigs, worth ten times as much, or even more. Based on the 
selling price, milk carries considerable fertility from the farm, and 
butter practically none. 

Farm crops may be regarded as raw products, while farm animals, 
milk, wool, butter, etc., represent manufactured products.^ A large 
amount of raw material in the form of grass, hay, corn, etc., is put into 
animals, and the heavy waste or by-product resulting in the form of 
manure conserves most of the fertility, when carried back to the fields. 
The farmer who feeds his crops to livestock is a manufacturer as well 
as a producer, with two possible profits instead of one, while his farm 
should lose little of its fertility. 

The farmer who grows and sells grain, hay, and straw is selling a 
large amount of fertility, the need of which will surely be apparent as 
time goes on and his fields give smaller and smaller returns. Such a 
farmer is slowly but surely mining phosphorus and potassium from his 
soil, which can be replaced only by some purchased material. 

Virgin soils as a rule contain great quantities of available fertility, 
and the pioneer farmers in America, drawing upon Nature store, gave 
little consideration to how their crops were fed and did not realize that 
they were steadily and often wastefully drawing on the. fertility which 
was their principal capital. 

The western farmer, when marketing corn or wheat, considers he 
is selling labor and rent of land. Rarely does he realize that he is also 
selling fertility, to replace which would cost a considerable part of all 
the crop brings. Rather than to reckon the value of his crop at the 
.market price, he should recognize that its true value when sold from 
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the farm is really the market price minus the value of the fertility 
which the crop removes from the soil. 

In Great Britain, where many of the farmers are long-period ten- 
ants, the manurial value of feeding stuffs is recognized by law. When a 
tenant vacates his leasehold he is paid for the manurial value of feeds 
which he has recently purchased and fed on the farm, and, under certain 
conditions, for the manurial value of grain produced on the farm and 
fed to stock. Similar provisions should be drafted into farm leases in 
this country. 

677. Buying fertility in purchased feeds. — Even in livestock farm- 
ing where little, or no grain or roughage is sold and when proper care 
is taken of the manure, not all of the fertility in the crops is returned 
in the manure. The growth of legumes will aid in maintaining the 
nitrogen supply in the soil, but under actual conditions on most farms, 
supplying additional nitrogen in manure or fertilizer will increase crop 
yields. 

Sooner or later in practically all cases it is necessary to replace the 
small but steady loss of phosphorus and potassium, even when most of 
the crops are fe^ to stock and the manure is handled properly. There- 
fore, in purchasing feeding stuffs, one should' always consider not only 
their feeding value but also their worth as fertilizers. By a wise selec- 
tion of purchased concentrates the livestock farmer can build up the 
fertility of his farm without the use of any commercial fertilizers, except 
lime to correct soil acidity and probably phosphate to balance the farm 
manure, which is ordinarily much richer in nitrogen than in phosphorus. 
To determine which feeds are the cheapest when consideration is given 
to the manurial value, one should deduct the manurial value per ton 
from the gross price. 

For instance, in an example given in Chapter X of the method for 
determining which feeds are the cheapest sources of total digestible 
nutrients and of digestible protein, it was assumed that a dairyman had 
ground corn available on the farm at a price of $22.00 per ton. (286) 
Among the protein supplements he could purchase on his local market 
was cottonseed meal (43 per cent protein grade) at $34.00 per ton. 

If we deduct the manurial value of cottonseed meal per ton (which 
is $10.51) from the purchase price, the net cost per ton would be only 
$23.49 per ton. Similarly deducting the manurial value of corn ($2.34 
per ton) from the price, the net cost would be $19.66 per ton. Thus, 
at these prices the net cost of cottonseed meal is only $3.83 more per ton 
than that of corn, if proper credit is given for the difference in the 
manurial values of the two feeds, 

678. Composition and value of fresh manure. — The value of farm 
manure produced by animals of the same kind varies rather widely, 
depending primarily on the nature of the feed supplied. However, 
it is desirable to have an approximate idea of its general composition. 

Mixed fresh farm manure, including bedding, contains, on the 
average, about 12 lbs. of nitrogen, 5 lbs. of phosphoric acid (equivalent 
to 2,2 lbs. of phosphorus), and 12 lbs. of potash (equivalent to 10.0 lbs. 
of potassium) per ton. With these fertilizing constituents at the prices 
stated previously, average farm manure has a value of $2.17 per ton. 

The average composition of fresh manure (including bedding, 
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except in the case of hen manure) for the various classes of farm stock 
is about as follows.^ The last column of the table shows the average 
value per ton of the various kinds of manure. 


Composition of average manure from farm animals 




Percentage composition 

1 Pounds per ton | 



Water 

Nitrogen 

Phosphorus 

Potassium 

Nitrogen 

Phosphorus 

Potassium 

per ton 


Per cent 

Per cent 

Per cent 

Per cent 

Lbs. 

Lbs. 

Lbs. 

Dollars 

Horses 

59 

0.70 

0.11 

0.64 

14.0 

22 

12.8 

2.56 

Dairy cattle ...;.. 

79 

0.57 

0.10 

0.52 

11.4 

2.0 

10.4 

2.11 

Fattening cattle . . 

78 

0.73 

0.21 

0.46 

14.6 

4.2 

95 

2.64 

Sheep 

Swine 

64 

1.44 

0.22 

1.01 

28.8 

4.4 

205 

4.88 

74 

0.49 

0.15 

0.39 

9.8 

3.0 

7.8 

1.89 

Hens (without lit- 
ter) 

55 

1.00 

0.35 

0.33 

20.0 

7.0 

6.6 

359 


The manure from horses, sheep, and hens is much drier than that 
from cattle or swine, and therefore is especially apt to heat unduly in 
storage, on account of rapid fermentation. These manures are often 
called ‘'hot manures,’’ in contrast to manures from cattle and swine, 
which are termed "cold manures.’^ 

679. Manure and fertilizing constituents produced yearly. — The 
amount of manure (including bedding) and the amounts of fertilizing 
constituents produced yearly by any class of stock will vary consider- 
ably, depending chiefly on the liberality of feeding and the amount and 
kind of bedding. According to Van Slyke, approximately the following 
amounts of manure, including bedding, are produced per 1,000 lbs. live 
weight annually by the various classes of stock, if it is all saved through- 
out the entire year : Hoi‘ses, 12.0 tons ; dairy cows, 15.0 tons ; fattening 
cattle, 9.0 tons; sheep, 9.8 tons; swine, 18.2 tons; and hens (not includ- 
ing litter) 4.2 tons.® 

Under usual farm conditions much of the manure is not voided in 
the stable. That which is excreted by stock on pasture or by horses 
working in the fields is commonly well utilized, but a considerable loss 
occurs through the amounts voided in exercise paddocks or by horses on 
the road. 

In Ohio studies it was estimated that the following amounts of 
manure, ready for field application, were produced per head by farm 
animals in a year, excluding that voided while the animals were in the 
yards or at work: Horses, 6.0 tons; fattening cattle, 7.8 tons; sheep, 
0.75 ton; and hogs, 1.7 tons.® 

In studies on Illinois dairy farms it was found that 6.6 loads of 
manure (including bedding) were actually recovered annually per ma- 
ture cattle unit."^ For work horses and mules the amount actually hauled 
to the fields was 5.45 loads per head annually. 

680. Importance of saving urine. — In preventing losses of fertil- 
izing value in farm manure, one of the most important points is to use 
sufficient bedding to' absorb the urine. In the case of cattle and sheep, 
the urine may contain more than one-half of the total nitrogen in the 
excrement and more than two-thirds of the potassium.® Even for horses 
and swine, one-third of the nitrogen and two-fifths of the potassium 
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are in. the urine. Practically all the phosphorus and calciuni is in the 
feces, except in the case of swine, which excrete about 12 per cent of 
the phosphorus in the urine. 

Pound for pound, the urine has a greater fertilizing value than the 
feces, except with swine, whose urine is large in quantity, and watery. 
The fertilizing constituents in the urine are also in solution and hence 
much more readily available to plants than those in the feces. The feces 
consist chiefly of food residues that were too insoluble to be digested. 

It is obvious that much fertility is lost if the urine drains away 
from the stable, because of insufficient bedding and gutters that are not 
water-tight. Also, there is usually a heavy loss of fertility in exercise 
paddocl^. 

681. Bedding . — Where considerable small grain is grown on the 
farm, straw is commonly the chief bedding material. Straw that is not 
too coarse will absorb 2 to 3 times its weight of water, or even more.® 
Unless the straw is very coarse, as is the case with rye straw, cutting 
does not increase its absorptive power materially. For dairy cows, it 
may require a larger quantity of cut straw than of uncut straw, as the 
latter stays in place better In New Jersey tests flax straw had an 
especially high water-absorbing capacity.^^ 

From 4 to 8 lbs. of straw per head daily are usually sufficient for 
dairy cows in stanchions, if the platforms are of the proper length. 
In Illinois tests 4 to 5 lbs. per head daily of straw were needed for 
1,000-lb. fattening steers which, were fed in open sheds that were cleaned 
once a month.^® Twice as much was needed when cattle were kept in 
single stalls that were well-bedded and cleaned once a day. 

When stock are fed shredded or cut dry corn or sorghum stover or 
fodder, the coarser parts that are refused make satisfactory bedding. 
If not needed for feed, finely-shredded stover makes excellent bedding, 
nearly equalling straw in water-absorbing capacity. 

When these farm-produced bedding materials are not available, 
either wood shavings or sawdust are used most commonly as the substi- 
tute. These wood by-products often have a somewhat lower absorptive 
capacity per pound than straw, especially in the case of hardwood by- 
products. Shavings and sawdust add less fertility to the manure than 
does straw, and they do not decompose readily in the soil. In Ehode 
Island tests the effect produced on crops by shavings or sawdust used 
as bedding for stock was compared with that of straw.^® No detrimental 
effect on the land resulted from the use of shavings or sawdust. The 
crop yield was slightly higher when straw was used, but it was concluded 
that this was due to the greater amount of fertilizing constituents con- 
tained in the straw. 

Dry peat moss absorbs 5 to 10 times its weight in water, is a good 
deodorant, and is excellent for bedding, but it is usually expensive.^* 
It is especially good for calf pens. Cows may become stained if the same 
peat moss is used in the stall too long. The statement is sometimes made 
that flies will not develop in peat-manure, but in tests by the United 
States Department of Agriculture peat had no inhibiting effect on the 
development of flies in the manure.^^* 

Cocoa shells are sometimes used for bedding and have about the 
same absorbing capacity as straw.^® They are a good deodorant, or 




Such Losses of Fertility Occur on Many Farms 
When manure is loosely piled under the caves, heavy losses of fertility occur 
thru ferimaitation and leaching. Note that every hard rain will leach fertility from 
the manure pile to the ditch in the foreground. (From Wisconsin Station.) 



The Result of Allowing Manure to Waste Away 
When manure is allowed to waste away as in the preceding illustration, not only 
is much of the weight of the manure lost, but that which remains contains much less 
fertility per ton than fresh manure. The pile of corn at the left was grown on a plot 
fertilizea with manure which had been exposed to the weather over winter. The 
large pile at the right was grown on a plot fertilized with the same amount of fresh 
manure. (From Wisconsin Station.) 




Saving the Fertility in Feeding Stuffs 
If possible^ the manure should be drawn directly to the fields and spread each day. 
However, this is not advisable on sloping land in winter when there is deep snow on 
the fields. 



A Cheap but Efficient Manure Pit 
When manure is piled solidly in a pit like this with concrete walls and floor, there 
is but little loss from fermentation and none from leaching. 
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masker of odors, but are difficult to keep in place in dairy stables, and 
they pack hard. 

Peanut hulls, or shells, are sometimes used for bedding. The un- 
ground hulls have about the same water-absorbing capacity as sawdust 
or shavings. However, peanut hulls are said to be less economical than 
shavings for bedding in dairy stables, for they do not stay under the 
cows so well.^^^ They are also inclined to stick to the hair of the cows 
about the udder. Therefore in the production of sanitary milk cows 
bedded with peanut hulls may require more brushing than those bedded 
with straw or shavings. It is reported that in the summer time peanut 
hulls attract flies, because of small amounts of fragments of the oily 
peanut kernels still left in the hulls. 

Buckwheat hulls have about the same absorptive capacity as shav- 
ings, but they are rather hard to keep in place for dairy-cow bedding.^® 
They sometimes lodge between the toes of cattle, causing infection. It 
is not safe to bed calves with buckwheat hulls, for they often eat them, 
which causes indigestion. Oat hulls may likewise be used for bedding, 
but they have the same disadvantages as buckwheat hulls and are dusty 
for use in dairy stables. They are excellent, however, as poultry litter. 

682. Reducing the losses in farm manure. — In spite of the value 
of farm manure, many farmers who freely purchase commercial fertil- 
izers allow much of the worth of the manure produced by their live- 
stock to be wasted. It is important to realize that manure is a perishable 
product, and that unless proper care is taken over half its value may 
be lost. The losses of plant food from manure occur through: (1) Loss 
of urine; (2) loss by leaching; and (3) loss of nitrogen by fermentation. 

A manure pile against the side of the barn and under the eaves, 
or manure lying for months in an open barn yard, is a sight all too 
common on American farms. When manure is thus exposed to the leach- 
ing action of rains, the losses are great, even amounting to half of the 
total value in periods of 2 to 5 months. Unfortunately, the loss falls 
on the constituents which are most soluble and therefore most quickly 
available to plants. 

Farm manure contains myriads of bacteria, molds, and yeasts, the 
numbers often running into billions for each gram of manure. These 
organisms break down the complex compounds of the manure into sim- 
pler ones, which are soluble. Some of these changes are advantageous, 
as they make the plant food more available to crops, but under improper 
conditions of storage much of the nitrogen in the manure may be lost 
through these fermentations. 

When the manure is dry or loosely packed, the bacteria which thrive 
in the presence of air develop profusely, causing “hot^^ fermentation. 
In this process there is a rapid formation of ammonia from the nitroge- 
nous compounds of the manure, and much of this ammonia passes as 
gas into the air. The strong smell which every farmer has noticed in 
close horse stables is due to this escaping ammonia gas, produced by the 
breaking down of nitrogenous compounds in the urine. In still other 
changes which may take place, free nitrogen gas may be formed, which 
is likewise lost into the air. 

When the pile of manure is well packed and is kept damp, these 
changes cannot go on, but only the decompositions which render the 
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plant food more available and produce what is termed well-rotted 
manure/^ If the manure is very loose and dry, ‘‘fire fanging^' may 
occur, the manure becoming grayish or dusty in appearance. This 
change, which is brought about by certain fungi or molds, causes serious 
losses of nitrogen. Phosphorus and potassium are not lost through 
fermentation, but heavy losses of these minerals may occur through 
leaching. 

To reduce the losses of fertility in manure to the minimum, first of 
all, the urine should be saved by having tight gutters and using plenty 
of bedding. If possible, the manure should be drawn directly to the 
fields and spread each day. This is not advisable, however, in winter 
on very sloping land when covered by deep snow, as much fertility may 
wash down the hill in the spring. Even when the fresh manure is spread 
daily on the fields, a heavy loss of nitrogen may occur if it is not plowed 
under or disked under as soon as possible. In Wisconsin tests as much 
as 60 per cent of the nitrogen was lost from fresh manure which was 
spread on the field and allowed to dry 4 days before it was turned 
under.^^ 

Adding acid phosphate (superphosphate) to the manure greatly de- 
creases the losses of nitrogen, no matter whether it is spread at once 
or whether it is properly stored. Also, since manure is much richer in 
nitrogen than in phosphorus, this reinforcement of manure with phos- 
phorus usually increases crop yields considerably.^® Hydrated lime in- 
creases the loss of nitrogen from manure, as the alkaline action tends 
to drive off ammonia. 

When manure cannot be spread at once on the land, it should be 
stored under cover, if possible, and in well-packed piles which are kept 
moist to prevent hot fermentation. The shed or pit should preferably 
have a concrete floor, to prevent any draining away of liquid. If hogs 
have access to the shed, they aid in firming the mass. It is an excellent 
plan to mix the manure from horses, sheep, or poultry, which is drier,, 
with the cattle or pig manure, which contains more water. 

When it is necessary to leave manure outdoors, the pile should be 
built with the sides perpendicular and the top sloping slightly toward 
the center, so that all rain will soak into the pile instead of draining 
off as from a stack of hay. It is impossible to prevent all waste when 
manure is stored, but under proper management not over 25 to 30 
per cent of the nitrogen and practically none of the phosphorus and 
potassium will be lost. 

QUESTIONS 

1. How are the fertilizing values of feeding stuffs and of farm manures computed? 

2. What beneficial effects does farm manure produce in the soil in addition to the 

plant food it supplies? 

3. About what percentage of the fertilizing constituents in their feeds do mature 

work horses (not pregnant or nursing foals) void in the manure; young calves; 

dairy cows? 

4. Give .examples of feeds which are high and of others which are low in fertility 

value ? 

5. How is the manorial value of a feed computed? 

6. A farmer who intends to fatten some steers has on his farm shelled corn, corn 

silage, and clover hay. To provide a well-balanced ration, he sells 10 tona 
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of corn and buys as much cottonseed meal as he can with the proceeds. Using 
local market prices and assuming that the feeding value of the cottonseed 
meal is enough greater than that of the corn to pay for hauling, find the gain 
or loss in manorial value from the exchange. 

7. Compare the fertility lost in selling a ton of corn; a ton of fat pigs; a ton 

of butter. 

8. What are the average amounts of fertilizing constituents in a ton of mixed fresh 

farm manure? 

9. Discuss the differences in composition and value of manure from horses, dairy 

cows, fattening cattle, sheep, swine, and poultry. 

10. What are “hot manures’* and “cold manures”? 

11. About how much manure, including bedding, is produced per head annually by 

horses; by dairy cows; by sheep; by hogs? 

12. Why is it important that the urine be saved? 

13. What kinds of bedding are used for stock in your district? 

14. Discuss the losses that occur in farm manure and tell how it should be handled 

to reduce the losses to a minimum. 


REFERENCES 

1. Grindley, Mumford, Emmett, and Bull, 111. Bui. 209. 

2. Waring-ton, Chemistry of the Farm, p. 214. 

3. Forbes et al., Ohio Buis. 295, 308, 330, 363; Wells and Dunbar, Jour. Agr. Res.^ 

30, 1925, pp. 985-998. 

4. Ames and Gaither, Ohio Bui. 246 ; Van Slyke, Fertilizers and Crop Production, 

pp. 218, 225. 

5. Van Slyke, Fertilizers and Crop Production, p. 225. 

6. Ames and Gaither, Ohio Bui. 246. 

7. Ross, 111. Bui. 240. 

8. Van Slyke, Fertilizers and Crop Production, p. 221 ; Forbes et al., Ohio Buis. 295, 

308, 330, 365; Ames and Gaither, Ohio Bui. 246. 

9. Doane, Md. Bui. 104; Ames and Gaither, Ohio Bui. 246 ; Vt. Bui. 360 ; Whisenand, 

Jour. Agr. Res. 14, 1918, pp. 187-190. 

10. Savage and Albrectsen, N. Y. (Cornell) Rpt. 1931. 

11. Sprague, N. J. Clr. 295. 

12. Snapp, Beef Cattle, p. 89. 

13. Odland and Knoblauch, R. I. Bui. 251. 

14. N. J. Rpt. 1929; Vt. Bui. 360. 

14a. Woodward, Shepherd, and Graves, U. S. Dept. Agr., Misc. Pub. 179. 

15. Vt. Bui. 360. 

15a. Bartlett, N. J. Sta,, information to the author. 

16. Bartlett, N. J. Rpt. 1925. 

17. Heck, Musbach, and Whitson, Wis. Bui. 410. 

18. Collison and Conn. N. Y. (Geneva) Bui. 494 ; Carter and Millar, Mich. Quar. BuK 

16, 1934, No. 3. 



Part III 

FEEDING FARM ANIMALS 
CHAPTER XXI 

GENERAL PROBLEMS IN HORSE HUSBANDRY 

I. Factors Influencing the Work Done by Horses 

683. The horse and mule situation. — The large decrease in the 
number of horses and mules in the United States since 1920 has had 
grave and far-reaching effects, not only upon farmers but also upon the 
rest of our population as well. In 1920 there were 20,092,000 horses 
and 5,656,000 mules on farms and about 2,000,000 horses and mules in 
the cities in this country. 

Due to replacement by tractors, trucks, and automobiles, by 1936 
the number of horses on farms had decreased to 11,637,000 and of mules 
to 4,685,000. Automobiles and trucks had displaced all but a few hun- 
dred thousand of the horses and mules in cities. Thus a total decrease 
of more than 10,000,000 horses and mules had occurred during this 
period. It will be noted that there was a much greater decrease in the 
number of horses during this period than in the number of mules. 

It has been estimated that 30,000,000 acres to 45,000,000 acres of 
crop land that had previously produced feed for these 10,000,000 horses 
were turned during this period to the growing of crops for other pur- 
poses.^ In addition, much pasture land was released for other classes 
of stock. 

Unfortunately these changes took place at the same time when a 
considerable decline in our exports of agricultural products occurred. 
These conditions, in combination with other factors, brought about large 
surpluses of many agricultural products, including not only crops like 
wheat, corn, cotton, and tobacco, but also such animal products as pork, 
beef, and dairy products. These surpluses depressed the prices of these 
products to ruinous levels, and this greatly reduced the purchasing 
power of farmers. In turn, the depression in agriculture was an impor- 
tant factor in industrial unemployment. Also, the substitution of tractor 
power for horse power on farms tended to reduce the number of farm 
laborers required, thus adding to the unemployment in the nation. 

Finally, in 1933 the Federal Government embarked on a definite 
program of restricting the production of certain important crops, in an 
endeavor to adjust the production to the probable consumptive demand 
at price levels that would bring fair returns to farmers. 

In comparing the relative advantages of horse and tractor power 
on their farms, farmers should consider not only the cost per hour of 
horse labor and of tractor labor, but also the other important factors. 
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They should bear in mind that horses effectively dispose of home-raised 
agricultural crops and convert them into power. On the other hand, 
the substitution of tractors for horses adds to a surplus of the products 
a farmer has for sale. Also, the cash costs of horse-power farming are 
usually much less than those of tractor farming. The important farm 
question of “horses vs. the tractor’’ is discussed in greater detail later 
in this chapter. (718) 

During this period of rapid decline in numbers of horses and mules, 
the number of colts raised each year dropped to about one-third the 
former number. For example, 1,587,515 horse and mule colts were 
raised in 1919, in comparison with only 576,138 in 1929. As a result 
of this decline in the raising of work stock, the ages of the horses and 
mules on farms in 1935 undoubtedly averaged much older than in 1920. 
Therefore the rate of mortality was correspondingly increased. 

On account of the impending serious shortage of horses and mules, 
interest in the raising of colts has now become more general. Increasing 
numbers of farmers realize that when they have abundant supplies of 
cheap home-grown feed available, it is a wise plan to raise at least the 
necessary replacements for their work stock. Raising colts for sale is 
also a profitable side-line on many farms. 

684. Importance of economical feeding and care. — Many people 
fail to realize the magnitude of our horse and mule industry. Even 
after the great decline in numbers of horses and mules, the 16,322,000 
head on farms on January 1, 1936, had an estimated total value of 
$1,690,586,000, a sum greater than that of any other class of livestock, 
even dairy cattle. 

To feed and care for these horses and mules means a total ex- 
pense of over a billion dollars a year. In spite of the magnitude of 
the industry, less attention is given to the economical feeding of work 
stock than to the feeding of other farm animals. Many a farmer, for 
instance, will carefully determine which of the feeds available for his 
dairy herd will furnish a well-balanced ration most cheaply. Yet he 
may forget that similar principles apply to the feeding of his work 
animals. An average of 2.6 horses or mules are kept on each farm in 
the United States. It is often possible through economy in feeding to 
save 10 to 20 per cent or more of the usual feed bill, with no injury 
and in some cases even a benefit to the animals. It is therefore evident 
that a careful consideration of the principles governing the feeding of 
horses will pay every owner in dollars and cents. Furthermore, ft is 
just as essential to care for work animals in a manner to ensure their 
maximum efficiency as it is to care for and lubricate properly the 
vehicles and machinery they draw. 

Before studying in detail the feeds for horses and the methods of 
feeding and caring for them, it is necessary to consider briefly the prin- 
ciples determining the value of the different classes of feeds for the 
production of work and the various factors which influence the amount 
of labor animals can perform. 

Most of the discussions which follow treat of the horse particularly, 
since about 70 per cent of our work animals are horses, and nearly all 
of the scientific trials have been conducted with them. The same feeds 
luay be used for mules, however, and the same principles of feeding 
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and care apply to these animals. Special hints on the feed and care of 
the mule are given later in this chapter. (719) 

686. Work done by horses. — In measuring the rate of work done 
by horses or other forms of motive power, the common unit of measure- 
ment is the horse power. This is the performance of 33,000 foot pounds 
of work in a minute.* Horse power is computed by multiplying the 
force which is acting, expressed in pounds, by the distance in feet 
through which it moves in one minute, and dividing the product (the 
foot pounds of work) by 33,000. For example, if a horse exerts a pull 
of 150 lbs. while traveling at a speed of 2.5 miles per hour (220 feet per 
minute), it will do 150 times 220 foot pounds of work a minute, or 33,000 
foot pounds. This is exactly one horse power. 

The work which horses can do depends on their weight, muscular 
development, and endurance. At steady and continuous work for 10 
hours a day, the pull (or draft) for a horse should not be more than 
one-eighth to one-tenth its weight. On the average, the 1,000-lb. horse 
working steadily 10 hours a day can develop about 0.67 to 0.83 horse 
power. A 1,600-lb. horse will produce 1.06 to 1.33 horse power. 

An ox can draw about as heavy a load as can a horse of the same 
weight, but ordinarily at only two-thirds the speed. The work a man 
can do is usually from one-tenth to one-sixth of a horse power, but for 
a minute or two he can exert a full horse power or even more. It was 
found in Iowa trials that horses weighing 1,500 to 1,900 lbs. could pull, 
day after day, a load requiring one horse power of work, over a course 
of 20 miles a day.^ 

For a brief interval a well-trained horse can develop 10 times the 
normal rate of work and can exert a pull nearly as great as his weight. 
A few can momentarily exert a pull even greater than their weights. 
The horse greatly excels all types of engines and motors in this capacity 
for overload. This reserve power of a good team is of great importance 
in their ordinary work. For example, it may require more than 10 times 
as great a pull to start a loaded wagon as it will take to pull it on 
a level pavement, after it is once in motion. Also, this reserve power 
is essential in drawing loads over uneven roads and up steep grades, or 
under other conditions where great effort is needed for relatively short 
periods. 

Recent investigations by Ritzman at the New Hampshire Station 
indicate that horses when well fed store much greater amounts of gly- 
cogen in their muscles and other tissues than other farm animals.® This 
reserve store, which can serve as an immediately available source of 
energy, explains the well-deserved reputation of the horse for muscular 
endurance. Horses were also found to have a much higher rate of 
metabolism per unit of weight when idle than other farm animals, and 
about double that of man. Ritzman points out that this high rate of 
metabolism of the horse is ‘‘that of a tensely nervous animal that does 
not easily lay on flesh and ... is in full keeping with its muscular 
power and the capacity of almost explosive activity. ’ ' 

686. Horse-pulling contests and champion pull. — The horse-pulling 
contests, sponsored by the Horse and Mule Association of America and 

♦A foot pound is the amount of work done In lifting one pound one foot against 
the force of gravity. A foot ton is 2,000 foot pounds. 
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<;onducted under the auspices of the various agricultural colleges in this 
country, have done much to call to the attention of farmers and others 
the great power possessed by good horses and to emphasize the factors 
that influence the work they can perform. In these contests specially 
eonstructed dynamometers are used, in which the power required to pull 
the dynamometer can be adjusted at various amounts. At first the 
apparatus is set at a moderate pull and this is then gradually increased 
during the contest. As the tractive power required is increased, any 
team that is unable to exert a given pull for the entire distance of 
27.5 feet is eliminated. Finally the winner is the team that can exert 
the greatest tractive power for the required distance. 

In 1935 Rock and Tom, an Ohio team, weighing a total of 4,450 lbs., 
pulled the dynamometer the full distance when set at a pull (or tractive 
resistance) of 3,900 lbs., establishing a new world^s record. In 1934 
this same team won the title of World Champions at the Century of 
Progress Exposition, Chicago, with a pull of 3,350 lbs. This latter 
record was made on a soft clay footing, which is not favorable to a 
maximum pull. In the 1934 record, the team exerted 30 horse power dur- 
ing their pull. The champion pull of 3,900 lbs. would be equivalent to 
starting a load of more than 25 tons for 20 consecutive times on a 
good pavement. 

687. Factors determining work done by horses. — The horse-pulling 
contests have shown that weight is the most important single factor 
which determines the amount of pull a draft horse can exert, but as the 
weight of draft horses increases, their pull per 100 lbs. live weight 
decreases somewhat.* 

For the best work, horses should have energetic but calm disposi- 
tions, and they must be well trained and be driven skillfully and stead- 
ily. The nervous, excitable driver cannot get the utmost effort from his 
team. Among horses of equal weight, those with the greater heart girth 
and compact, muscular build are able to exert the greater pull. Horses 
must also be in good flesh to do their best. 

The careful fitting of the harness is important, especially the correct 
fitting of collars. 

Proper care of the horses’ shoulders is essential if maximum service 
is to be obtained. When horses must be worked hard during rainy 
weather, hame housing should be provided to keep the collars and shoul- 
ders as dry as possible. An excessive amount of moisture under the 
collar is apt to cause sore shoulders, which greatly reduce the horses^ 
efficiency. Humid days in summer are harder on horses than dry, hot 
days. When properly shod, horses are able to pull more than when 
unshod. 

688. Effect of character of roadbed. — The character of the road- 
bed is a most important factor in determining how heavy a load a horse 
can draw. While only 25 to 50 lbs. of draft are required, after the 
load is started, to haul a load of a ton (including weight of wagon) on 
a level pavement made of concrete, granite blocks, or brick, the draft 
on a common earth road is 75 to 225 lbs. or more per ton.® 

On a soft surface, the height of wheel and the width of tire are 
important, as they affect the amount that the wheels will cut into the 
ground. However, on a hard roadbed, such as a concrete highway, there 
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is very little difference in draft required with different kinds of wheel 
equipment.® 

689. Nutrients required in various types of work. — It is evident 
that the horse at work must receive a larger supply of nutrients than 
when idle, and that the amount needed will depend on the severity of 
the work done. Let us then consider what types of work the horse 
performs. His work usually consists of a more or l^ss complex combina- 
tion of the following simple kinds: (1) Locomotion, or traveling along 
a level course without a load; (2) raising the body, with or without a 
load, against the force of gravity in ascending a grade; (3) carrying a 
load; ( 4 ) draft, or hauling a load. 

A horse drawing a load up a hill combines all of these types. He is 
(1) advancing and at the same time (2) raising his body. Likewise, he 
is t3) carrying the harness and (4) hauling the load. In descending 
the hill the horse will be called upon to perform even a fifth type of 
labor, bracing himself to prevent too rapid a descent. 

The amounts of nutrients required in each of these types of work 
were determined many years ago in painstaking and extensive experi- 
ments of Wolff, Grandeau, LeClerc, and Zuntz and his associates. 
Wolff’s experiments were with a sweep-power constructed so that the 
amount of work performed could be measured. Zuntz, in conjunction 
with Lehmann and Hagemann, conducted hundreds of tests with horses 
working on a tread-power so built that the distance traveled and the 
work performed were measured."^ The animals breathed through a tube 
inserted in the windpipe, by which means the oxygen inhaled and the 
carbon dioxide exhaled were accurately determined. To such gaseous 
intake and outgo was added that which passed through the skin and 
rectum, as determined by placing the animal in a respiration apparatus. 
Eecently, somewhat similar experiments have been conducted by Brody 
and associates at the Missouri Station.® 

The results of these investigations are chiefly of theoretical impor- 
tance, rather than of practical value in the computation of rations for 
horses. This is because the work of most horses varies greatly from day 
to day and is usually of a complex nature, difficult to separate into the 
different simple types. All that can commonly be done is to estimate 
whether the horse is performing light, medium, or heavy work, and then 
compute a ration which meets the standard for this degree of labor. 

690. Locomotion and carrying a load. — Considerable energy is 
expended by the horse in merely moving his body along a horizontal 
road, since he must lift his body at each step and propel it forward. 
Yet in this work of locomotion, no useful work is accomplished in the 
mechanical sense. 

Zuntz found that when walking at a speed of 2.5 miles per hour, 
the 1,100-lb. horse, carrying a 44-lb. harness, required, for each mile he 
traveled on a level road, 0.240 therm of net energy in addition to the 
maintenance requirements when idle. When the horse carried a load of 
220 lbs.. on his back, the amount of net energy expended was increased 
24 per cent above the amount required for the same distance and at the 
same speed without a load. Brody and associates found that when walk- 
ing at a speed of 2.2 miles per hour, horses expended 77 to 144 per cent 
more energy than when standing idle. 



GENBBAL PROBLEM^ IN HORSE HUSBANDRY 427 

691. Work of draft. — When the horse pulls a load and thus accom- 
plishes useful mechanical work, obviously he will expend more energy 
than when merely moving his own body along a level road. Zuntz found 
that in performing each 1,000 foot tons of work of draft (which is about 
an hour’s work for a horse weighing 1,400 lbs.) the horse expends 2.078 
therms of net energy in addition to the maintenance requirements. Such 
a horse would be performing about one horse power of work. In the 
experiments by Brody and associates horses expended about 1.87 therms 
of energy in addition to their maintenance requirements, for each horse 
power of draft accomplished. 

692. Influence of speed. — The horse is most efficient in doing a 
day’s work when working at a speed of 2 to 2.5 miles per hour. Walking 
somewhat more rapidly than this may not reduce the efficiency of the 
labor over a short period of time, according to the Missouri experiments. 
For example, work was performed as efficiently by horses walking 3.1 
miles per hour as when they walked at a speed of 2.2 miles an hour. 
However, if horses are forced to walk too rapidly for a considerable time 
when performing hard work, they will become over-heated and tired, 
and then will be less efficient. In the experiments by Zuntz 26 per cent 
more energy was required when a horse traveled one mile on a level 
road at a speed of 3.5 miles an hour than when the same distance was 
covered at a speed of 2.5 miles an hour. 

When the speed is increased to a trot, nearly twice as much energy 
is required per mile of travel as at a walk. The efficiency continues to 
become less as the speed increases, until when worked at a speed of 
11.25 miles an hour, a horse can accomplish less than one-tenth of the 
amount of work he can perform at a moderate pace. 

Among the reasons why more energy is required to do a certain 
amount of work at a fast pace are: (1) In trotting or galloping the rise 
and fall of the body are much greater than in walking. Energy is wasted 
in these movements, and hence a smaller amount is available for onward 
movement. (2) At a rapid pace the work of the heart is increased, the 
temperature rises, and much heat is lost through the evaporation of 
water from the skin and lungs in the effort to keep the body temperature 
normal. The proportion of the food which produces heat is thus in- 
creased^ while less can be converted into work. 

On account of the speed at which they traveled, mail-coach horses 
in early days could often be worked but one hour a day, covering only 
eight miles, even on good roads. While a pound of additional load 
makes but little difference to a draft horse, with running horses the 
requirement of speed makes it necessary that the weight carried (rider 
and saddle) be as small as possible. An ounce of additional loading 
may make a difference of a yard or more in half a mile of running. 

693. Influence of gropde. — In going up a grade, the horse must 
not only propel his body and the load over the ground but must also 
raise them against the force of gravity. In ascending a grade of 10.7 ft. 
in 100 ft., the horse expends three times as much energy per mile as 
when traveling on a level road. The steeper the grade, the greater the 
energy required. 

On the other hand, in going down a gentle incline, owing to the 
force of gravity less energy is required than on a level road. However, 
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if the ^ade is steeper than 10 ft. in 100, the horse must expend energy 
in bracing himself and the load against too-rapid a descent, and hence 
he uses as much energy as when traveling on the level. On a still steeper 
downward slope more energy is expended than on a level course. Obvi- 
ously, a considerable saving of feed may be effected by a proper use of 
wagon brakes in a hilly country. 

694. Influence of size of horse and rate of work. — ^If large and 
small horses do amounts of work which are in proportion to their live 
weights, their efficiencies in the actual performance of labor will be 
equal, according to Missouri experiments.® On the other hand, if a large 
home is not worked in such a manner as to perform an amount of labor 
which is proportional to his size, his efficiency will be lowered. 

The best size of horses or mules for any particular farm will depend 
on several factors. On level farms with large fields, it is desirable to 
have heavier work animals than on hilly farms where the land is cut 
up into small fields by the rough topography. On heavy soil where the 
draft of tillage implements is great, large size in work animals is advan- 
tageous. However, on sandy soil most farmers favor animals which are 
not too heavy. . 

During recent years there has been a pronounced tendency among 
farmers, even in the com belt, to prefer draft horses which are not 
extremely large. Work horses weighing 1,800 lbs. and over are less popu- 
lar than some years ago. Lighter horses that can be maintained more 
cheaply are usually more active and will perform just as much of many 
kinds of farm work as extremely heavy horses. For the tillage opera- 
tions which require much power, such as plowing with gang plows, the 
pcessary power can be secured by using moderate-weight draft horses 
in teams of 3 to 5 animals, or even more. (717) 

696. Efficiency of the horse as a motor. — Such a large part of the 
mechamcal power used on farms is furnished by horses that it is of 
much interest to determine the efficiency with which they actually con- 
vert into useful work the nutrients in the feed they consume. Zuntz 
found that horses converted into the actual work of draft about 31 per 
cent of the energy they expended, beyond the amounts they used for 
the maintenance and locomotion of their bodies. Similar results were 
secured in recent Missouri investigations, the average efficiency on this 
same basis being about 34 per cent.® When horses worked at the usual 
rates, they converted into actual work about 16 to 20 per cent of the 
total energy expended, not deducting the amounts used for maintenance 
and for the locomotion of their bodies. 

To gain a true idea of the efficiency of the horse as a source of 
power, we must compute his over-all efficiency for the entire day. This 
is the percentage of the total energy in the feed he eats during a day, 
which he is able to convert into useful work. The approximate over-all 
efficiency may be found as follows: A 1,500-lb. horse should readily 
haul a load having a draft of 150 lbs. at a speed of 2.5 miles per hour 
for 8 hours a day. In doing this the horse will perform 7,920 foot tons 
of useful work, not including the work of moving his own body along 
the roadway. Expressed in therms, this amount of work is equal to 
5.1 therms per day. 

For such a horse a ration of 15.0 lbs. timothy hay, 8.0 lbs. com. 



GENERAL PROBLEMS IN HORSE HUSBANDRY 429 


and 9.5 lbs. oats will be satisfactory. This ration will furnish about 57.2 
therms of gross energy. Dividing 5.1 therms (the useful work accom- 
plished) by 57.2 therms (the gross energy of the feed) gives an over-all 
efficiency of 8.9 per cent for this horse. 

However, farm horses do not work every day, though they must 
eat every day. Therefore the over-all efficiency for the entire year is 
much lower than for a 24-hour period in which the horse does a good 
day^s work. On the average, the yearly over-all efficiency of farm 
horses, which usually work only about 800 to 1,000 hours a year, is about 
2 to 3 per cent. Obviously, any factor which increases the number of 
hours of work a horse does during the year increases his over-all effi- 
ciency and reduces the actual cost of his labor per hour, since less of 
his feed will then go for maintaining him when idle. 

It is of interest to compare the efficiency of horses in the conversion 
of the energy of their feed into draft, with the efficiency of farm tractors 
in converting the energy of the gasoline or other fuel into draft. In 
recent tests of farm tractors by the University of Nebraska, gasoline 
tractors converted 13.0 per cent, on the average, of the energy of the 
gasoline into the work of draft. This is probably higher than the effi- 
ciency of the average tractor, for these tractors were handled by experts 
and were in ideal mechanical condition for the tests. 

In comparing this efficiency of 13.0 per cent for tractors with the 
efficiency of 8.9 per cent for horses in converting the energy of their 
feed into draft when working a full day, we must consider the following : 
The horse is supplied with feed in crude form, and a considerable part 
of it is indigestible and therefore of no value in the production of 
work. The gasoline or kerosene tractor, however, is not supplied with 
crude fuel, but with highly-refined fuel from which the waste portions 
have been removed. Moreover, the horse repairs his body continuously, 
while the tractor cannot replace the daily wear of its parts. 

II. Nutrient Requirements of Horses 

696. Dig^estibility of feeds by horses, — Too few digestion trials 
have been conducted with horses to warrant the computation for horse 
feeding of separate tables of digestible nutrients. Therefore, in com- 
puting rations for horses, such figures as are given in Appendix Table I 
are commonly used. These are based upon digestion trials with rumi- 
nants, chiefly with sheep. 

Horses digest their feed somewhat less completely than do rumi- 
nants, as has been shown previously. However, the difference is not 
marked except in the case of low-grade roughage, such as straw or poor- 
quality hay.^^ There is generally a greater difference in the digestibility 
of fiber, nitrogen-free extract, and fat than in the case of protein. The 
difference in the digestibility of fat is probably because there is a greater 
excretion in the feces of fat-soluble excretory products in the case of 
horses, rather than there being an actual difference in the digestibility 
of fat by horses and by ruminants. 

The Morrison feeding standards for horses, which are presented in 
Appendix Table III, are specifically designed for use with the digestible 
nutrient values in Appendix Table I. Therefore, rations will be satis- 
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factory under practical conditions, which are computed according to 
these standards and according to the rules for feeding concentrates and 
roughages that are given in Appendix Table III, immediately previous 
to the Morrison feeding standards. 

Investigations showed many years ago that moderate work, even 
immediately after a horse had eaten, tends to increase the digestion and 
absorption of nutrients.^^ Severe labor may, however, retard digestion. 
Contrary to some statements, reasonable exercise does not hasten the 
passage of food from the stomach into the small intestine. 

697. Net energy values vs. total digestible nutrients. — ^It has been 
pointed out in Chapters III and VIII that only the net energy supplied 
by a feed can be used to produce such external work as propelling the 
body, carrying a burden, or pulling a load. Theoretically, the most cor- 
rect method of comparing the value of various feeds for the production 
of work would be upon the basis of the net energy furnished by each. 
There are, however, insufficient data on the actual net energy values of 
different feeds for horses to permit the computation for horse feeding 
of reliable tables of net energy values. 

The few net energy values of feeds for horses that have been deter- 
mined differ quite widely from the values for ruminants. For example, 
according to Armsby the net energy value of dent com for ruminants 
was 85.50 therms per 100 lbs., while the net energy value of corn for 
horses has been 113 to 117 therms.^* In Massachusetts trials, the net 
energy value of oats for horses was even higher than that of com, while 
practical feeding experiments show that to keep a hard-worked horse 
in condition it will take decidedly more pounds of oats than of corn.^*^ 

The data secured in net energy investigations with horses have been 
of much importance in emphasizing the great difference in value for the 
production of work between the concentrates, such as grains, and the 
feeds very high in fiber, such as straw or poor-quality hay. Thus, for 
horses wheat straw has a negative energy value of 20.9 therms per 100 
lbs. for the production of work. This means that the work of masticat- 
ing and assimilating wheat straw uses up more energy than the straw 
furnishes. This feed is therefore worse than worthless for feeding a 
hard-worked horse. 

On the other hand, straw is of value for maintaining idle horses 
and may be used advantageously as part of the ration for this purpose. 
This is because the chief need of idle animals is not for net energy but 
for heat to maintain the body temperature. As has been shown in 
Chapter III, the energy used in mastication, digestion, and assimilation 
is all transformed into heat and thus aids in warming the body. (86-88) 

698. Maintenance requirements of horses. — In maintaining horses 
when they are idle, it is important to know the amount of nutrients they 
need for mere maintenance of the body. Mature, idle horses have been 
maintained for considerable periods in careful experiments on 6.4 to 
7.0 lbs. of digestible nutrients daily per 1,000 lbs. live weight, supplying 
11.9 to 13.1 therms of metabolizable energy (available energy).^® Due 
to their more nervous disposition, under practical conditions where 
horses are allowed to move about considerably, horses have a somewhat 
higher maintenance requirement in proportion to their size than do cattle 
or other farm animals.^® 
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In certain of the maintenance experiments horses were maintained 
successfully for 4 or 5 months on meadow hay alone, which furnished 
only 0.54 lb. digestible protein daily per 1,000 lbs. live weight. Most 
authorities believe that the health of animals is improved when they are 
fed slightly more than the theoretical minimum amount of nutrients for 
maintenance. This is a matter of particular importance with horses, for 
they should be fed so as to be kept efficient for a long period of years. 
Therefore in the Morrison feeding standards 0.6 to 0.8 lb. digestible 
protein and 7.0 to 8.0 lbs. total digestible nutrients are recommended 
daily for idle 1,000-lb. horses (Appendix Table III). If exposed to 
extremely cold weather, idle horses will probably require more total 
digestible nutrients than these amounts to prevent loss of weight. 

In a maintenance ration for an idle mature horse, about two-thirds 
of the nutrients are required merely to maintain the body temperature. 
Only the remaining one-third is needed in the form of net energy to 
cover the requirements for the internal work of the body and the repair 
of body tissues. Therefore, idle horses can be maintained chiefly oU 
such feeds as hay, corn stover, and straw, which furnish relatively little 
net energy but produce a large amount of heat in the body as the result 
of mastication and digestion. As roughages are usually cheaper sources 
of digestible nutrients than the concentrates, maintaining idle horses on 
such feeds is obviously economical. If the roughages are of sufficiently 
good quality, horses may be maintained on such feeds alone. Several 
suitable rations for maintaining idle horses are given in Appendix 
Table VII. 

Horses are sometimes wintered on nothing but straw, which makes 
a ration exceedingly low in protein and also deficient in total digestible 
nutrients and in calcium and phosphorus. The folly of this practice 
is shown by investigations at the South Dakota Station.^’' Mature horses 
wintered on straw alone became emaciated and digested their feed 
poorly. They also tended to become lame, and post mortem examination 
showed that the joints had become eroded, on account of the deficiencies 
in the ration. 

699. Excess of roughage injurious. — Through mistaken kindness 
or through carelessness horses are often fed too much hay or other 
roughage. Cattle and sheep should ordinarily be given all the roughage 
they will eat, even if it is very palatable, but this is not a wise plan 
with horses. If allowed to eat all the good hay they will consume, horses 
often eat too much, with labored breathing and quick tiring as the 
result. This difference between horses and ruminants is doubtless due 
chiefly to the relatively small size of the simple stomach of the horse, 
in comparison with the four-fold stomach of a ruminant. Also, when 
the digestive tract of a work horse is unduly distended with much rough- 
age, he will be at a disadvantage in hard labor, and digestive distur- 
bances may result. 

Therefore, instead of keeping the mangers filled, there should be a 
definite, limited daily allowance of hay, fed mostly at night when there 
is ample time for its mastication and digestion. Not only does this save 
feed, but it is much better for the horses.^® Limiting the amount of 
hay is especially important when very palatable hay is fed, such as 
alfalfa, clover, or early-cut timothy. 
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700. Proportion of roughages and concentrates for horses. — The 

allowance of hay for work horses should generally not be over 1.0 to 
1.5 lbs. daily per 100 lbs. live weight, the amount depending on the 
severity of the work. Horses at hard work require a large proportion 
of concentrates in their ration, and can make less use of hay than those 
which are idle or at lighter work. As is pointed out in Chapter XXIII, 
it is imperative that the concentrate allowance of hard-worked horses 
be reduced on days when they are idle, or azoturia may result. 

In spite of the importance of the problem, little information is 
available concerning the actual relative value per pound of hay and of 
grain for producing work, and the results of the few experiments have 
differed widely.^® The net energy value of a feed for horses measures 
its value for the production of work, while the amount of total digestible 
nutrients is a better measure of its value for maintaining idle horses, 
whose chief need is heat for the maintenance of the body temperature. 
On the basis of the determinations of net energy values of feeds for 
horses, it would take 3.0 lbs. of hay or more to equal 1.0 lb. of corn 
or oats for the production of work, while it would take only 1.5 to 
2.0 lbs. of hay 'to equal 1.0 lb. of grain in value for maintaining an 
idle horse. From experiments in Sweden with farm horses, 2.5 lbs. of 
meadow hay were considered equal to 1.0 lb. of barley or com grain 
for the production of work.^® 

These approximate values may be used in determining the relative 
economy of various rations for horses under local conditions, but it must 
be borne in mind that horses at hard work cannot utilize an undue 
amount of hay. Hence, their need for energy must be met by supplying 
sufficient concentrates, even when hay is cheap. 

When hay is relatively high in price, compared with grain, it is 
important to know the minimum amount of hay that is needed for 
work horses to maintain their health. While horses will not tlirive on 
grain alone, without hay, they need less hay than is generally thought. 
Hard-worked horses weighing 1,200 to 1,300 lbs. were kept in good con- 
dition in Connecticut trials for more than 8 months on only 8 lbs. of 
hay per head daily, plus a sufficient allowance of grain.^^ 

701. Protein required by work horses. — It has been pointed out in 
Chapter VIII that normally the carbohydrates and fats furnish the 
energy needed in producing work, and little or no more protein is broken 
down during work than during rest. Therefore, the rations of work 
horses can consist chiefly of carbohydrates and fat, with only sufficient 
protein for the maintenance of the body and to ensure complete digestion 
of the ration. 

It is not necessary and is generally not economical to feed work 
horses as much digestible protein as was recommended in the older feed- 
ing standards, such as the Wolff-Lehmann or the Armsby standards. 
Mature horses at hard work have even been fed for considerable periods 
without harm on rations having nutritive ratios as wide as 1:28.0.^^ 
However, the digestibility of the ration is decreased when the proportion 
of protein is too low, as has been pointed out in Chapter IV. 

In trials at the New York (Cornell) Station Harper secured just 
as satisfactory results with mature farm horses at medium to hard work 
on a ration having a nutritive ratio of approximately 1:11.0, as on a 
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ration richer in protein which had a nutritive ratio of about 1:8.0.** 
The low-protein ration consisted of a mixture of 900 lbs. cracked com 
and 100 lbs. rolled oats, fed with timothy hay cut reasonably early. 
The horses on the other ration were fed the same weight of a mixture 
of 400 lbs. corn, 500 lbs. oats, and 100 lbs. linseed meal, and received 
the same amount of the hay. If the hay had been late-cut timothy hay, 
low in protein, the results probably would have been much less satis- 
factory on the combination of com and timothy hay with the small 
amount of oats. It should be pointed out that young, growing horses 
or pregnant mares or those with foals should be fed more protein than 
was furnished by this ration. 

702. Morrison feeding standards for horses.— In the Morrison feed- 
ing standards, which are presented in Appendix Table III, recommenda- 
tions are made which, it is believed, will meet adequately the nutrient 
requirements of the various classes of horses. It will be noted that the 
standards are stated in terms of dry matter, digestible protein, and total 
digestible nutrients required daily by horses of various live weights and 
performing various degrees of labor. To indicate readily the propor- 
tion of digestible protein advised for each class of horses, the nutritive 
ratios of the rations are also given. 

In these standards the allowance of total digestible nutrients ad- 
vised for the horse at hard work is about double that for the idle horse, 
while the amount of dry matter is increased to a much less extent. This 
means that the ration must consist more largely of concentrates as the 
work becomes harder. Horses probably differ more in temperament and 
in individual feed requirements than do other classes of stock. There- 
fore a feeding standard can serve only as a general guide as to the 
amount of grain any particular horse will need to keep him in proper 
condition. 

It will be noted that these standards recommend sufficient protein 
to provide rations having nutritive ratios no wider than 1 :10.0 to 1 :12.0 
for idle horses, and no wider than 1:9.0 to 1:11.0 for those at work. 
It is believed that with feeds of average quality and average digestibility 
these standards will furnish ample amounts of protein. When protein- 
rich feeds are unusually expensive, undoubtedly mature idle horses or 
work horses can be fed for considerable periods on even less protein than 
is recommended in these standards. However, for continued feeding 
over a long time, the author would not advise less protein than is recom- 
mended in the standards. In this connection it should be mentioned 
that in the revised Morrison standards presented in this volume less 
protein is advised than in the standards for horses given in the fifteenth 
to nineteenth editions of this book. 

When protein-rich feeds are lower in price than those low in pro- 
tein, it will be economical to feed considerably larger amounts of protein 
than advised in the standards, which are the minimum amounts recom- 
mended. (288) It should be borne in mind that, as pointed out in a 
preceding paragraph, these feeding standards are specifically designed 
for use with the values for digestible nutrients in the various feeds that 
are given in Appendix Table I. 

The practical feeding of horses is discussed further in Chapter 
XXIII. Also, in Appendix Table VII many different rations are sug- 
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gested for idle horses and for those at light, medium, and hard work, 
respectively. Most farm horses actually work but 1,000 hours a year, or 
less, the average time worked per day being but 3 to 4 hours throughout 
the year. However, during the rush seasons farm horses usually work 
long hours and should then be classed as at hard work. 

703. Mineral requirements of horses. — The mineral requirements 
of horses have been investigated but little. However, practical experi- 
ence and our general knowledge of nutrition indicate that mature work 
horses, with the possible exception of brood mares, do not require the 
addition of any minerals, except common salt, to ordinary rations which 
contain a normal amount of good hay. This is because their needs for 
calcium and phosphorus are but little higher than for mere body main- 
tenance. In Iowa tests with work horses, the addition of a mineral 
mixture (supplying calcium, phosphorus, and iron) to a ration of oats, 
com, timothy hay and common salt did not save feed or make a marked 
difference in the condition of the horses.^^ 

It is important that growing colts have an ample supply of calcium 
and phosphorus and also sufficient vitamin D to enable them to develop 
strong, sound bpnes. Likewise, pregnant mares and mares nursing foals 
require much more calcium and phosphorus than do other mature horses. 
Well-cured legume hay or mixed hay high in legumes is therefore the 
best roughage for colts and brood mares during the winter season. 

Whenever horses must be fed rations that are deficient in either cal- 
cium or phosphorus, care should be taken to supply a suitable mineral 
supplement. Such a mineral mixture as is recommended in Chapter VI 
may be placed where the horses have access to it, or a single mineral 
supplement may be fed. (181) If calcium is the only mineral lacking, 
1 ounce per head daily of ground limestone or other calcium supplement 
will correct the deficiency. If phosphorus is lacking, 1 ounce per head 
daily of steamed bone meal or some other safe source of phosphorus 
should be used. (165-171) 

The feeding of rations unusually low in calcium or phosphorus to 
horses, even to those which are mature, may cause serious bone disease. 
For example, in a German experiment a horse fed oats alone, without 
roughage, lost calcium from its body and soon became lame and sore.^® 
When stallions were fed rations very low in calcium and phosphorus in 
California investigations, there seemed to be a decided decrease in the 
number of spermatozoa and in their vigor.^® 

In areas where there is a deficiency of iodine, brood mares should 
be fed iodized salt during at least the latter half of pregnancy, to avoid 
danger of goiter in the new-born foals. It has been mentioned in Chap- 
ter VI that in certain tests navel-ill and weakness of foals have appar- 
ently been lessened when doses of potassium iodide have been fed to 
brood mares during pregnancy. (172) 

704. Salt requirements of horses. — ^Horses show great fondness for 
salt, and thrive best when regularly supplied with it. Horses at hard 
work require more salt than those laboring less severely, for a consider- 
able 'amount is excreted in the sweat. Since horses differ quite widely 
in the amount of salt they desire, it is a good plan to supply salt where 
they can take what they wish, either flake salt from a suitable box, or 
block salt. 




Well-Bred Draft Horses Working in Big-Team Hitches 

By means of the iin])roved multiple hitches, which have been brought to 
public attention largely through the work of the Horse Association of America 
and of the agricultural colleges, a team of 5 or even more horses can readily 
be driven by one man. 



Speed Decreases the Work that Can Be Performed 
A pound of additional load makes but little difference to a draft horse, but 
with the race horse the load must be made as light as possible. 





HoftSSS A.^irD C^OIMPETE SUCCESSFULLY ^TITH TTrACTORS 

Under present conditions, tractors will usually supplement, rather than replace 
horse or mule labor on most farms. With feed low in price, the horse or mule per- 
forms draft more cheaply than the tractor. 
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An allowance of 1.75 to 2.00 ounces of salt per head daily is ample 
for horses, and many will take less than this. Horses having free access 
to flake salt in a Michigan experiment consumed 1.8 ounces a day, 
on the average.^^ However, the consumption of individual horses vari^ 
widely, the range being from 3.26 ounces daily to a minimum of 0.27 
ounce. Mules used for heavy farm work at the Mississippi Station con- 
sumed an average of 0.4 ounce of brick salt per 1,000 lbs. live weight 
daily.^® 

706. Vitamin requirements of horses. — No especial attention need 
be given to the vitamin supply of mature work horses, except perhaps 
brood mares, because the requirements of such horses for vitamins A 
and D are apparently low, and there seem to be no deficiencies in ordi- 
nary rations. 

Foals, on the other hand, sometimes develop rickets, due to a lack 
either of vitamin D or of calcium or phosphorus. If a foal shows symp- 
toms of rickets, it should be given an ounce of cod-liver oil a day, or 
preferably an equivalent amount of a vitamin D concentrate. (194) It 
should also be allowed access to bone meal or a suitable mineral mixture, 
ill addition to receiving plenty of good legume hay or good pasture. 
When a foal is on well-fertilized pasture or when it is fed plenty of good 
legume hay, there will be no deficiency of vitamin A, vitamin D, or 
calcium, all of which are needed in liberal amounts for thrifty growth. 
The vitamin requirements of brood mares will be met if they are fed 
good legume hay or mixed hay, 

706. Watering horses. — An ample amount of water of good quality 
is essential for horses. About 10 to 12 gallons, or 80 to 100 lbs., of water 
should be provided daily for each horse. In warm weather and when at 
hard work, horses will drink more water than at other times, owing to 
the greater evaporation of water from the body. The nature of the feed 
also affects the quantity of water drunk, more being needed when legume 
hay is fed than when the roughage is hay from the grasses. 

Extensive tests have shown that horses may be watered before, after, 
or during a meal without interfering with the digestion or absorption 
of the food eaten.^^ Therefore, individual circumstances and conve- 
nience should determine the time of watering, but when a system is once 
adopted it should be adhered to, for a change from one system to another 
lessens the appetite. A horse long deprived of water or having under- 
gone severe exertion should be watered before being fed, but it is dan- 
gerous to allow a horse much water when very warm. A moderate drink 
taken slowly will refresh him and do no harm. 

During hot weather horses should be watered every hour or so while 
at hard work, for they need a frequent drink of water nearly as much 
as does a man under similar conditions. Taking a can or barrel of 
water along to the field, so the horses can be thus watered, will aid 
greatly in preventing injury from over-heating. 

707. Variations In body weight. — During exercise and work, a loss in body 
weight occurs, because of the greater oxidation, or breaking down, of the nutrients 
in the body and the largely increased evaporation of water. Grandeau and LeClercso 
found that 2 horses lost on the average 2.3 lbs. each when walked for 148 minutes 
without drawing a load, while on hauling a load at a trot for 79 minutes each lost 
9.3 lbs. A horse performing a certain amount of work at a trot gave off 20.6 lbs. 
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of water vapor, nearly twice as much as when doing the same amount of work at a 
walk, and over 3 times as much as when at rest. When horses which have been idle 
for a period and consequently have soft muscles are put at hard work, they will often 
lose 50 to 100 lbs. in weight, especially if they are not gradually accustomed to the 
work. Because of the large capacity of their digestive tracts, the weights of horses or 
cattle on consecutive days, taken at a uniform hour and under similar conditions of 
feed and care, may vary 15 to 30 lbs. or even more. This shows the necessity of con- 
ducting feeding experiments for considerable periods of time and with several animals 
in order to lessen the errors which are introduced into the calculations through acci- 
dental variations in the weights of the animals studied. 


III. Preparation of Feed; General Problems 

708. Grinding or crushing grain. — It is pointed out in the follow- 
ing chapter that the value of oats for horses with good teeth is increased 
only about 5 per cent by grinding or crushing. Whether or not this 
preparation will pay, will depend on the cost under one’s local condi- 
tions, compared with the price of oats. (722) 

Throughout the corn belt, corn is usually fed on the cob or as 
shelled corn. (726) The danger from colic is least in feeding ear corn, 
and shelled corn is slightly safer than ground corn in this respect. 

The effect of crushing a mixture of one-half oats and one-half shelled 
com, fed with mixed alfalfa and timothy hay to work horses, was studied 
in 3 Michigan trials.®^ Equal weights of the whole grain and of the 
crushed grain were fed to the respective lots of horses, but the horses 
receiving the crushed grain ate 0.9 lb. less hay per head daily on the 
average and maintained their weights slightly better. However, with 
the whole grain at $21.67 a ton and a charge of $2.33 a ton for crushing, 
the feed cost per head daily was 2.4 cents higher for the horses fed the 
crushed grain. 

Barley, wheat, rye, and the grain sorghums should be ground or 
crushed for horses. On account of the small size of the kernels, these 
grains are chewed less thoroughly than com or oats, and hence there is 
a much greater saving through grinding or crushing them. 

709. Cutting or grinding hay and other roughage. — Cutting or 
chopping good-quality hay for work horses does not increase its value 
sufficiently to justify the expense. In 3 Wisconsin experiments a ration 
of whole timothy hay and grain was compared with a ration consisting 
of the same weight of cut hay and 10 per cent less grain than in the 
first ration.®* It was estimated that a saving of about 10 per cent of 
the grain would be required to make the cutting of the hay economical. 
On the whole-hay ration the horses gained an average of 6.8 lbs. during 
8 weeks, while they lost 19.2 lbs. on the cut-hay ration. Taking into 
consideration the loss in weight on this ration, the cutting of the hay 
was not economical. 

Horses maintained their weights slightly better on cut timothy hay 
and grain in a New York trial than they did on approximately the same 
weights of whole hay and grain, but it was concluded that the difference 
was not sufficient to justify the expense of cutting the hay.®® Colts fed 
cut alfalfa and timothy hay made slightly more rapid gains in Iowa 
trials than those fed uncut hay.®^ 

If horses are fed poor-quality hay, chopping it may reduce the 
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wastage sufficiently to be worth while. A common practice in Europe 
is to mix chopped straw with chopped hay, more straw thus being eaten 
than would otherwise be the case. . 

Horses usually waste a considerable portion of such coarse dry for- 
age as com or sorghum fodder or stover. Therefore it will usually pay 
to cut or shred such roughage.^® 

Grinding hay into a meal cannot be recommended for horses.®® This 
requires much more power than to chop it, and the ground hay is dusty, 
tending to irritate the air passages of the horses. While the dust may 
be laid by wetting the ground hay, this requires considerable labor. 

710. Soaking or cooking grain; fermenting feed. — ^When such 
grains as wheat and barley cannot conveniently be rolled or ground, 
they should be soaked before feeding, to soften the kernels. Ear com 
that is so dry and flinty as to injure the horses’ mouths should also be 
soaked or ground. 

The custom of cooking even a small portion of the feed given to 
horses has almost ceased, since it has been found that uncooked feed 
gives just as good results. (102) 

“Predigesting,” or fermenting, grain or hay for horses does not 
increase the value and is an uneconomical practice. (104) 

711. Self -feeding; stall vs. lot feeding of mules. — Though the self- 
feeding of grain or mixtures of cut hay and grain is satisfactory, under 
certain conditions, for fattening cattle and sheep, the self-feeding method 
is not adapted to horses. Even if a mixture of cut hay and grain were 
fed, it would be impossible to adjust the amounts of grain for the 
various horses, so that the easy keepers would not be overfed while the 
hard keepers received too little grain. 

However, Mississippi experiments show that mules can be satisfac- 
torily self-fed grain or a mixture of grain and cottonseed meal, with 
hay fed separately in a rack.®^ Also, a mixture of grain and chopped 
or ground hay can be self-fed as the entire ration. When self -fed on 
grain, the mules did not gorge on it, as horses would have done, and 
there was no trouble from digestive disturbances. However, mules usu- 
ally eat more grain and less hay under this system than when hand-fed. 

Where large numbers of mules are fed in the South on plantations, 
in lumber camps, etc., a common practice is to provide grain and hay 
separately in a lot where all the mules may eat what they want. In 
trials during 3 years at the Mississippi Station®® this system was com- 
pared with separate feeding in stalls. The stall-fed mules were given 
13.7 lbs. ear corn and 12.0 lbs. Johnson grass hay on the average, while 
the lot-fed mules ate 15.2 lbs. ear corn and 11.3 lbs. hay, making the 
feed cost 19 per cent more for the lot-fed animals. 

712. Hints on caring for horses. — There is great truth in the Arab 
saying, ‘ ‘ Rest and fat are the greatest enemies of the horse. ’ ’ Regular 
exercise or work is necessary for health and a long period of usefulness. 
Wherever possible, idle horses should be turned out so they can exercise 
at will. Growing colts need opportunity for plenty of exercise. When- 
ever a horse is not working, the grain should be reduced, to two-thirds 
or even one-half the usual amount, to avoid digestive troubles, as is 
pointed out in Chapter XXIII. 

To perform work efficiently, the horse must have a properly fitting 
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harness. The collar needs special attention, for the capacity of many a 
horse is decreased because he wears an ill-fitting collar. It is important 
that his f fet be well cared for, so that the weight and strain are evenly 
distributed on the joints of the ankle. The other mechanical principles 
which determine the efficiency of work, such as the correct use of even- 
ers, the proper adjustment of traces and of line of draft, the distribu- 
tion of the load on the wagon, and the influence of size of wheel, 
width of tires, and character of roadbed should all be given due con- 
sideration. 

In starting the day, the horse should be gradually warmed to his 
work, so that his muscles will be in proper trim, his bowels relieved, and 
breathing and heart action quickened before he is put to extreme exer- 
tion. It is likewise well to cool him off gradually at the end of a trip 
or of the day’s work before returning to the stable. That he may rest 
in comfort, his stall should be well bedded. 

A good horseman is careful to make any decided change in the 
ration gradually, in order to avoid colic. A quick change from oats to 
com may bring on colic, but changing from corn to oats or other bulky 
feeds is not dangerous. Horses are especially susceptible to poisoning 
from eating spoiled grain, hay, or silage. 

In stables where many horses are maintained, a group or row of 
animals should remain in the care of the same attendant, the whole 
establishment being under the watchful supervision of the superinten- 
dent. While we can estimate quite closely the amount of food, to be 
given a number of horses, one horse may need more than tlie regulation 
allowance, and the next possibly a little less, the object being to keep 
each in the desired condition. It is often not a wise plan to leave the 
feeding of horses to their own driver, for he may have likes and dis- 
likes, and the favorite is apt to receive more than his proper allowance 
of grain, while another may suffer. A watchful superintendent must 
ever be on the alert to see that each animal secures his due share of feed. 

713. The stable. — To keep them in good health, horses should be 
housed in well-ventilated quarters and be protected from drafts. Cool 
quarters with good ventilation are far preferable to warm, close stables. 
Poorly-ventilated stables that are damp or too warm may cause serious 
troubles from respiratory diseases. 

714. Blanketing and clipping. — ^Horses at work prove more effi- 
cient and last longer when reasonably protected against sudden changes 
in temperature and cold rains. It is important to blanket the horse in 
cold weather, whenever his work ceases and he is forced to stand in the 
cold for even a short time. Stable blankets keep the coat in better con- 
dition, but when they are used it is especially necessary to protect the 
horse when standing idle out of doors in inclement weather. 

The heavy coat which the horse grows for winter protection has cer- 
tain disadvantages. The horse with a long coat sweats unduly at work, 
rendering him especially subject to colds. It may often be advisable to 
clip him early enough in the fall to permit the growth of a lighter coat 
for protection before severe weather begins. However, he should not 
be fall-clipped unless he is carefully protected from cold at all times 
when not working. Horses are often clipped in the spring after the 
shedding process has begun, but before the new coat has started. This 
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avoids the nuisance of the shedding coat, especially disagreeable in the 
case of white or gray horses. 

716. Grooming. — The horse at severe labor gives off several 
pounds of perspiration daily. When this evaporates, considerable solid 
waste material is left on the animaUs coat. Thorough and careful 
grooming is necessary to remove such body waste, so as to keep the 
pores open and the skin healthy. Aside from the better appearance 
which results, proper grooming pays in the greater efficiency of the hard- 
worked animal. It is best to groom the work horse at night after a 
severe day's work, so that he may rest more comfortably. As idle 
horses running at pasture sweat little and have abundant opportunity 
to roll, grooming them is unnecessary. While grooming should be 
thorough, a dull curry-comb is preferable to a sharp one, and a brush 
should be used on the tender head and legs. 

716. Care of teeth. — The teeth of horses often wear irregularly, 
especially those of old horses, leaving sharp points and jagged edges 
that cause pain, prevent proper mastication of food, and result in 
unthriftiness. The teeth should therefore be examined frequently and 
the irregularities removed by a float or guarded rasp. The first, or 
milk teeth, may remain too long in the young horse's mouth, causing 
crooked permanen t teeth. In such cases the milk teeth should be removed 
with forceps. 

717. Reducing the cost of horse labor. — On most farms horse labor 
makes up a considerable part of the operating expenses. Moreover, it 
is, above all other items of expense, the one which can be profitably re- 
duced by good methods of farm organization. Hence, a clear under- 
standing of the following ways in which this expense can be lessened is 
of prime importance:®® 

1. By economical feeding, care, and management. Farm manage- 
ment surveys have shown that it costs some farmers nearly twice as 
much to feed their horses as it costs their neighbors, though the horses 
may do but little more work. Through economical feeding the cost of 
horse labor may be greatly reduced. 

To reduce the cost of feed to a minimum, idle horses and those at 
light work must be wintered economically, largely on cheap feeds, such 
as straw, corn fodder or stover, or waste feed from stubble fields, stalk 
fields, and meadow aftermath. The efficient use of good pasture, includ- 
ing night pasture for farm work horses, will also reduce the cost of 
horse labor. (758) Horses that are pastured together usually handle 
better in big teams than when not accustomed to each other. 

Improper shoeing or a poorly-fitting collar may reduce the capacity 
of a horse for work just as much as feeding an inadequate ration. 

2. By raising good colts. Even though the direct profits to be 
made in raising colts may not be large, successful farmers, at least in 
the com belt and westward, find it wise to raise well-bred colts to replace 
the older horses worn out or sold. 

3. By reducing depreciation charges. Many farmers largely avoid 
the depreciation in the value of horses due to their becoming old, by 
raising good colts,' starting them to work when 3 years old, and selling 
them after working 4 or 5 years, when they are yet in their prime and 
bring good prices. 
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4. By having the farm of adequate size. When a farm is too small, 
neither horse nor man labor can be utilized most efficiently. 

5. By securing an even distribution of horse labor. The crop rota- 
tion should be so planned that the horse labor will be distributed as 
evenly as possible throughout the year. When the rotation is poorly 
planned, the peak load of horse labor that is needed will be much greater 
than under a wise rotation. This will necessitate the keeping of extra 
horses, merely for this peak load. An important advantage of livestock 
farming is that it provides productive labor for horses, as well as for 
men, during the winter. 

6. By efficient use of horses. The good farm manager will see that 
his fields are so laid out, and buildings, yards, paddocks, and lanes so 
arranged that just as much labor as possible is saved, both of men and 
horses. Furthermore, he will save much man labor by having gang 
plows, and harrows, drills, cultivators, etc., of large size, so that teams 
of 3 horses or more can be used. By means of the improved multiple 
hitches, which have been brought to public attention largely through 
the work of Dinsmore of the Horse Association of America and of the 
agricultural colleges, a team of 5 or even more horses can be * readily 
driven by one man.*® 

As Robbins well states, a good slogan is: “More horses to the plow 
and fewer in the pasture.’’*^ He points out that in the past many corn- 
belt farmers have worked only four horses to a plow or other tillage 
implement, and have had to rest the team much of the time, while in the 
pasture were idle horses. If the implement pulls so hard that the 
horses must be rested very frequently, it usually pays well to add 
more horses to the team. 

A farmer who is a good manager will also be foresighted in his work 
and will not allow tasks which can be done just as well at some other 
time to interfere with the peak loads of planting, cultivating, and har- 
vesting the crops, all of which cannot be delayed without serious loss. 
For instance, by doing considerable plowing in the fall, the peak load 
in the spring can be reduced and often one or more horses dispensed 
with. Last, but not least, he will keep no more than the minimum num- 
ber of work horses necessary to meet efficiently the peak load of horse 
labor during the year. 

7. By controlling internal parasites. Many horses and mules are 
badly rundown in condition and even unfit for work as a result of severe 
infestation with internal parasites. Demonstrations recently conducted 
on more than 8,600 farms in Illinois show the great improvement that 
results from the eradication and control of internal parasites, especially 
bots, round worms (ascarids), and palisade worms (strongyles).*^ 

Proper treatment with suitable vermifuges produced striking im- 
provement in the condition of horses seriously affected with parasites 
and greatly reduced the trouble from colic. Many horses that were unfit 
for work were restored to usefulness. The results also showed clearly 
that ^hen horses are badly infested with parasites, much feed is wasted, 
due to the drain on them by the parasites. Since there is more danger 
to horses in administering doses of a vermifuge than in the case of other 
stock, the treatment had best be given by a veterinarian. 



GENERAL PROBLEMS IN HORSE HUSBANDRY 441 

718. The horse vs. the tractor. — Whether or not it will be eco- 
nomical to purchase a tractor to replace some of the work horses on 
their farms, is a problem that has perplexed many farmers. Though 
each farm is an individual problem, the numerous economic studies of 
this question have shown the general principles which should be con- 
sidered in making a decision.*^ 

Before buying a tractor, a farmer should be sure that the purchase 
will be a profitable investment under his own conditions. If his capital 
is limited, even if he thinks that using a tractor will be economical, he 
should consider whether a tractor will increase his net income over a 
term of years as much as might some other purchase. Thus, for a dairy- 
man, perhaps a bred-for-production, purebred dairy bull would be a 
wiser investment. 

It should be borne in mind that horses use feed which is produced 
for the most part on the farm, and that horse labor requires very little 
cash expenditure. Horses can easily be reproduced on the farm, and 
the average useful life of a horse is greater than that of a tractor. 
Horses are able to develop great reserve power for emergencies and tem- 
porary overloads, are adapted to all the types of draft work, and do not 
require constant attention in guiding them. They are usually handled 
much more successfully by hired help than is a tractor. 

One of the chief advantages of a tractor is its ability to do heavy 
work, such as plowing and the preparation of land, in a shorter time 
than it can be done with horses, thus permitting the planting of crops 
at just the right time. This advantage can, however, be largely gained 
with horses by using teams of three or more animals with suitable plows 
and other implements. 

Perhaps the chief advantage in the use of a tractor comes in the 
actual displacement of horses. It also relieves the horses which cannot 
be displaced of some of the heaviest work during the rush seasons, so 
that they may need a little less feed. In nearly all the surveys con- 
ducted in various parts of the United States the actual reduction in 
numbers of horses on farms due to the use of a tractor has been found 
to be less than often supposed. The reduction in horses has usually 
been only from 1.5 to 2.5 animals per farm. The farms included in 
these surveys have commonly been large units of 200 acres or more. 
The “general purpose’’ tractor, which may be used for cultivation and 
other work for which the older types were not adapted, makes possible 
a somewhat greater displacement of horses. 

Generally a tractor will save some hired labor, but the amount of 
this saving will depend on whether the peak load of man labor comes 
at the same time as the peak load of horse or tractor labor. Commonly 
claims are made that a tractor will increase crop yields through deeper 
plowing, more thorough preparation of the seed bed, and planting of 
the crop at the right time. In some of the surveys the farmers have 
reported a slight increase in yields, but in others no such increase has 
been apparent. In a few cases decreases in yields were mentioned, due 
to the tractor packing the soil when too damp. 

On the average, farm tractors are used only about 30 to 50 days 
in a year, including both draft and belt work. Since depreciation and 
interest are large items, the cost per hour of tractor work is high when 
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the amount of use is low. The entire yearly cost of using a farm tractor 
will vary widely, depending on many factors, especially on the initial 
price of the tractor, its durability, and the price of gasoline or kerosene. 
In recent surveys the yearly cost of using a two-plow tractor, including 
the expense for fuel, lubricants, repairs, depreciation, and interest on 
the investment has averaged about $230 to $300, not including the wages 
bf the operator. 

When the cost of feed and the price of horses are relatively low in 
comparison with the cost of tractors and their operation, farmers will 
rely entirely on horses on farms where they might otherwise find the use 
of a tractor economical. The cash expenses are less for farms operated 
with horses than for farms on which tractors are used. In a period 
when farm incomes and purchasing power are low, this is an important 
matter. 

719. Mules. — The hardiness of mules and their ability to perform 
satisfactory service under adverse conditions have been leading factors 
in causing an increase in proportion of mules to horses in this coun- 
try. (683) As is mentioned elsewhere, it is possible that mules also 
require less feed than horses to do a given amount of work. (781) Mules 
are generally more sensible in eating and less likely to gorge themselves 
than horses and hence are less subject to colic or founder. Indeed, 
mules are often fed at troughs, like cattle, and allowed to eat all they 
desire. Mules are not fastidious in their taste and will consume rough- 
ages which horses will refuse. They also endure hot weather better, 
and because of the peculiar shape of the foot and its thick, strong wall 
and sole, are less subject than horses to foot lameness. 

Mules have peculiarities of disposition, however. As Williams 
states: ^^The mule is an animal with possibly more eccentricities and 
undeniable virtues than any other domestic animal. The difficulty is to 
know how to handle the mule in order to keep the desirable qualities of 
his maternal ancestry in the foreground and to keep subservient the 
latent donkey characteristics. To treat consistently a conglomeration of 
stubbornness and willingness, temper and sullenness, contentment and 
restlessness, slyness and docility, faithfulness and waywardness, with no 
knowledge of which virtue or vice is going to assert itself next, is a 
problem which may well tax the qualities of the best horseman. 

Though mules will endure more neglect than horses, good care and 
feed will prove profitable. For feeding mules the same feeds may be 
used as in the case of horses, and the same principles apply in suiting 
the feed to the size of the animal and the severity of the work performed. 

QUESTIONS 

1. Discuss the present horse and mule situation in the United States. 

2. Define horse power. How heavy a horse does it take to perform 1.0 horse power 

of work at steady labor? 

3. What factors determine the amount of work a horse can do? 

4. Htate the various types of work horses perform. 

6. Discuss the influence of speed upon the efficiency with which horses perform 
work; the influence of grade. 

6. .What is the relative efficiency of large and small horses in doing work? 

7. Discuss the efficiency of the horse as a motor. 
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8. Compare the digestibility of feeds by horses and by ruminants. 

9. What is the net energy value of wheat straw for a work horse? 

10. Discuss the maintenance requirements of horses. What may the result be when 

horses are maintained for long periods on nothing but straw? 

11. Should horses be allowed to eat all the good-quality hay they will consume? 

12. Approximately what is the relative value per pound of grain and hay for the 

production of work? 

13. Discuss the nutrient requirements of horses under the following headings; 

(a) Protein; (b) salt; (c) other minerals; (d) vitamins; (e) water. 

14. Are the following methods of preparing feed for horses advisable: (a) Grinding 

or crushing oats; (b) grinding corn; (c) grinding barley, wheat, or grain 
sorghum; (d) chopping hay; (e) grinding hay; (f) cooking feed; (g) fer- 
menting feed? 

15. Discuss the use of self-feeders in feeding horses and in feeding mules. 

16. Mention some important points to be observed in caring for horses. 

17. In what 7 ways may the cost of horse labor be reduced? 

18. What general principles should be considered in deciding whether it is economical 

to buy a tractor to replace some of the work horses on a farm? 

19. What advantages and disadvantages do mules have in comparison with horses? 
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CHAPTER XXII 

FEEDS FOR HORSES AND MULES 

I. Grains and Other Carbonaceous Concentrates 

720. Many feeds suitable for horse and mule feeding. — In most 

localities the usual ration for horses and mules consists of only one or 
two kinds of grain, with no more variety in the roughages. Due to cus- 
tom and prejudice, many persons insist that these particular feeds are 
by far the most economical and satisfactory. Yet, in traveling from one 
district or country to another, we find a large number of feeds success- 
fully used for horses. 

In the northern Mississippi Valley the ration generally consists of 
oats and com with timothy hay or mixed hay for roughage, while in 
the South corn is the chief concentrate, fed with dried corn fodder, 
legume hay, and other roughages. A common ration on the Pacific 
Coast consists of crushed barley and hay from the cereals. In Europe 
various oil cakes and beans are often fed. In Arabia, Persia, and Egypt 
barley is the only grain, while in sections of India a kind of pea, called 
gram, is often fed. In some districts horses are fed such unusual feeds 
as the leaves of limes and grapevines, the seeds of the carob tree, bamboo 
leaves, and dried fish. 

Since many feeds are well suited to horses and mules, careful 
attention should be given to the prices of the feeds that are available 
locally. A ration should be selected that will be as cheap as possible, 
yet entirely satisfactory for keeping the animals thrifty and efiScient 
over a long period of usefulness. 

It is more important for horses than with other classes of livestock 
that the feeds be of sound quality and not mpldy, spoiled, or extremely 
dusty. This is because horses are especially apt to be injured by dam- 
aged feeds, and dusty hay or other forage greatly increases the trouble 
from heaves. 

The composition and nutritive value of the many feeds that may 
be fed to horses and mules are discussed in detail in the respective 
chapters of Part II. In this chapter information is given on the special 
value and usefulness for horse and mule feeding of the concentrates and 
roughages most commonly used for this purpose. The grinding or 
crushing of the various grains and the cutting or grinding of hay are 
discussed in the preceding chapter. 

It will be noted that most of the experiments reviewed in this 
chapter have been with horses, rather than with mules. However, the 
various feeds have the same general values for mules as for horses. 
Also, the same general principles apply in feeding them, as is pointed 
out in the preceding chapter. (719) 

721. Oats, the standard grain for horses. — Oats are such an excel- 
lent grain for horses that they are the standard with which other con-* 
centrates are compared. (628) Due to the bulky hulls, oats are the 
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safest of all grains for the horse. They form a loose mass in the stomach 
that can be easily digested, while such heavy feeds as com, wheat, or 
barley tend to pack, sometimes causing colic. Even if a horse gains 
access to the grain bin and gorges on oats, there is much less danger of 
serious digestive trouble than in the case of the heavier grains. 

Oats contain sufficient protein so that merely oats and grass hay 
make a well-balanced ration for mature work horses, without the addition 
of any protein supplement. Oats are rather low in total digestible 
nutrients and net energy, because of the hulls. Therefore, to keep work 
horses in condition, a somewhat greater weight of oats is required than 
of com, hominy feed, or ground barley. For horses at very hard work, 
a mixture of oats with these more concentrated feeds is better than 
oats as the only grain.^ 

New or musty oats should be avoided in horse feeding. Some horses 
are inclined to eat their oats too rapidly, without thorough chewing. 
To prevent this, a little chopped hay may be mixed with the oats or 
some whole com cobs or a few smooth stones can be placed in the feed 
box with the oats. 

722. Grinding or crushing oats. — ^Whether or not it pays to grind 
or crush oats for horses is a question often discussed. In trials during 
two summers at the Wisconsin Station crushing oats for horses at hard 
work increased the value of the grain only about 5 per cent.^ In other 
trials work horses have maintained their weights slightly better when 
fed ground oats than when receiving the same weight of whole oats.® 
We may conclude that for horses with good teeth the value of oats will 
be increased about 5 per cent by crushing or grinding. For horses with 
poor teeth and for foals up to 7 or 8 months of age, grinding or crushing 
oats is advisable. 

When whole oats are mixed with cut hay or straw, the percentage 
of unmasticated kernels which pass through the digestive tract is smaller 
than when the oats are fed separately. Lavalard concluded from his 
extensive trials with cab, omnibus, and army horses in France that 
grinding oats did not pay when the oats were mixed with such cut 
roughage.* 

723. Sheaf oats. — Sheaf oats (unthreshed oats in the bundle) are 
often an economical feed for horses, since the cost of threshing is saved 
and much of the straw is utilized.® If they are bright and well-cured, 
sheaf oats are surprisingly palatable to horses. Care should be taken 
not to feed musty sheaves. The amount of grain in the feed may be 
estimated from the fact that in a good crop of early northern-grown 
oats,* the weights of grain and straw are usually about equal. To lessen 
the damage from mice, the sheaves should be stacked in the mow away 
from hay and from the sides of the building. 

724. Oat feed. — This by-product of oat-meal manufacture may be 
used as a substitute for part of the hay or even for part of the grain 
in feeding work horses. Its use and value are discussed in Chapter 
XVII. (630) 

726. Substitutes for oats. — ^Because of the popularity of oats, they 
are often higher in price, considering their actual feeding value, than 
other grains available for horse feeding. Fortunately, both science and 
practice show that other single grains, and also combinations of grains 
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and other concentrates, may be substituted for oats without injury to 
the condition, the wind, the endurance, or even the spirit of horses. 

The Arab horse, so renowned for mettle and endurance, is fed no 
oats, but chiefly barley. After experiments covering 35 years with over 
30,000 horses, Lavalard, the great French authority on the feeding of 
horses, concluded that other feeds could often be substituted for oats 
with a great saving in cost of feed and without lowering the efficiency 
of the horses.^ 

The entire success attained with grain mixtures containing no oats, 
but which are properly balanced in nutrients and have the requisite 
bulk, shows that in making up rations for horses, just as with other 
animals, the prices of the different available feeds should always be 
considered. The various grains and by-products which may be used in 
place of oats are discussed in the following paragraphs. From the 
data there given one can easily determine what feeds are most economi- 
cal for him to use, considering the local prices. In replacing oats with 
other feeds that are lower in protein, due care must be taken to add a 
protein supplement, if necessary to balance the ration. 

726. Indian com. — Next to oats, Indian corn is the grain most 
commonly used for horses and mules in America. On thousands of 
farms they are fed corn as the chief or the only grain, many scarcely 
knowing the taste of oats. Because corn usually costs less and has a 
higher feeding value than oats per 100 lbs., it is extensively used where 
large numbers of horses must be fed economically. (612) 

As com is a heavy, highly-concentrated feed, care must be taken 
to limit the amount to the needs of the animal. It will require about 15 
per cent less com than oats to keep work horses in condition, when the 
ration is properly balanced in protein content. When corn is fed as the 
chief grain, with hay from the grasses as the only roughage, a small 
amount of protein supplement should usually be added to balance the 
ration, unless the hay is early-cut and therefore higher than usual in 
protein. On the other hand, the experiments reviewed later show that 
corn, fed with legume hay or with mixed hay containing at least one- 
third legumes, makes a well-balanced, economical ration for work horses. 
In all cases changes from oats to corn should be made gradually. The 
objections often raised that horses fed com are sluggish, sweat easily, 
and wear out earlier are probably due to neglect of these principles of 
feeding. 

In the com belt, com is usually fed to horses on the cob or as shelled 
corn. No experiments have apparently been reported in which the exact 
saving through grinding ear corn or shelled com for horses has been 
determined. In a trial with mules at the Mississippi Station grinding 
ear com or grinding shelled corn increased the value about 10 per cent.® 
From the results of the experiments on grinding oats for horses, we 
should expect that the saving through grinding shelled com for horses 
would not be greater than 5 per cent. 

Ear com is safer to feed than shelled com, for it keeps better 
and horses eat it more slowly and chew it more thoroughly. If com is 
ground for horses with poor teeth or those working long hours, it should 
be cracked or ground coarsely, for fine meal forms a mass in the stomach 
which is difficult to digest and may even cause colic. 
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Feeding com in the form of com-and-cob meal is preferable to 
nsing ground com, for the cobs supply bulk, making the feed more like 
oats in physical nature. In a Minnesota test with work horses corn- 
and-cob meal was not so palatable as whole oats, but the weights of 
the horses were maintained on a slightly smaller amount of corn-and- 
eob meal than of oats.'^ 

727. Com and legume hay. — ^Many experienced horsemen have a 
decided prejudice against feeding corn as the only grain. However, 
experiments have shown definitely that it is satisfactory as the only 
eoncentrate for work horses and mules, if fed with legume hay so as to 
eorrect the deficiencies in protein and calcium. It may also be used 
successfully as the only concentrate with mixed hay, if there is at least 
one-third and preferably more of legumes in the hay. 

One mule in each of two farm teams was fed shelled corn in a 
trial at the Missouri Station and the other one oats for 364 days, all 
receiving mixed clover-and-timothy hay.® The rations were then re- 
versed and the feeding continued for another 364-day period. The 
mules fed com maintained their weights slightly better than those fed 
oats, though each received 145 lbs. less grain and 75 lbs. less hay in a 
year than their oat-fed team mates. With oats at 40 cents and shelled 
com at 50 cents a bushel, there was a saving of 21 per cent in the cost 
of feed for the corn-fed mules. 

In a similar trial at the Ohio Station with farm horses fed either 
car corn or oats with mixed clover-and-timothy hay, the corn-fed horses 
maintained their weights nearly as well as those fed oats, though they 
received only the same weight of ear corn, including cobs, as the others 
did of oats.® With corn at a price one-third higher than that of oats 
per bushel, feeding the ear com in place of oats saved over one-fourth 
in the cost of feed. In both these trials the corn-fed animals endured 
hard work during hot weather as well as those fed oats and showed just 
as good health and vigor. 

Excellent results were also secured at the Illinois and North Caro- 
lina Stations when com was fed as the only grain with alfalfa or other 
legume hay, and at the Illinois Station when a combination of two-thirds 
car com and one-third oats was fed with mixed hay.^® 

Especially when the com is fed as ground corn, instead of as ear 
com or shelled corn, such a mixture as half com and half oats may 
be more satisfactory than com alone. There is more tendency for the 
horses to go off feed when they are fed ground com as the only concen- 
trate or as too large a part of the concentrates.^^ 

728. Supplement needed with corn and grass hay. — ration com- 
posed only of corn and such protein-poor roughage as timothy or prairie 
hay cut at the usual stage of maturity is rather too low in protein, even 
for work animals. While such a ration may be adequate for a limited 
time, it will generally pay to add a small amount of a protein supple- 
ment to balance the ration properly. For example, in a Kansas trial 
artillery horses, performing more severe labor than ordinary farm horses, 
lost* weight during warm weather on a ration of 12 lbs. shelled corn and 
14 lbs. prairie hay.^® Others maintained their weights satisfactorily on 
12 lbs. oats and 14 lbs. prairie hay. The results were also entirely 
satisfactory with a third group which was fed the same amount of hay 
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and 6 lbs. corn, 3 lbs. wheat bran, and 1 lb. linseed meal. These horses 
received 2 lbs. less concentrates per head daily than those in the other 
groups. 

A ration of only com and grass hay may keep work animals in 
satisfactory condition and spirit, but more feed will usually be required 
than on a ration richer in protein. For example, in a trial at the Mis- 
sissippi Station work mules fed only ear corn and Johnson grass hay 
maintained their weights fully as well and showed as good endurance 
as others fed ear corn with cottonseed meal or cottonseed meal and 
oats.^^ However, the mules on the ration of corn and grass hay, which 
had a nutritive ratio of 1:12, ate 7 per cent more concentrates and 8 
per cent more hay than their team mates fed the better-balanced ration. 

Mules fed corn with timothy and oat hay at the Kentucky Station 
did not show as thrifty an appearance as others fed a well-balanced 
mixture of 3 parts corn, 1 part wheat bran, and 1 part linseed meal, 
with the same kind of hay.^** Similar results were secured by Lavalard 
in France with 17,000 army horses and 10,000 cab horses.^ Feeding 
com exclusively with hay from the grasses was found to depress the 
spirits of the horses, but a mixture of one-third corn and two-thirds 
oats was satisfactory. 

As has been shown in the previous chapter, a mixture of 900 lbs. 
corn and only 100 lbs. oats was satisfactory for work horses in New 
York trials, when fed with good-quality timothy hay that had been cut 
reasonably early and therefore contained more protein than much of 
the timothy hay fed to horses. (701) 

729. Hominy feed. — Hominy feed is about equal to shelled corn 
for horse feeding. It is somewhat more bulky than ground com and 
keeps better in storage. A mixture of half hominy feed and half ground 
oats was slightly superior to half ground corn and half ground oats in 
New York trials.^ (519) 

730. Barley. — On the Pacific Coast and in Europe, Africa, and 
many parts of the Orient, barley is extensively fed to horses. (650-661) 
It should be crushed or ground (not too finely) for horses, as the grains 
are hard and small. Crushed barley was worth 10 per cent more than 
crushed oats per 100 lbs. in trials at the Wisconsin Station with farm 
horses at hard work.^® On the other hand, whole barley is not worth 
so much per pound as whole oats, because horses do not masticate the 
grain completely.^® 

Since barley is not so bulky as oats, there may be more trouble from 
colic when it is fed as the only grain. This can be prevented by mixing 
with the barley some bulky feed, such as 15 per cent or more of wheat 
bran or cut hay or 25 per cent of ground oats.^^ 

731. Wheat. — Although the price of sound wheat usually pro- 
hibits its use as a horse feed, that which has been frosted or otherwise 
damaged, if not moldy, may be fed with economy. Wheat should be 
ground coarsely or preferably crushed, and it should be fed only in 
moderate amounts and mixed with a bulky concentrate, such as oats or 
wheat bran, or with chopped hay to avoid digestive troubles. (637) 

732. Rye. — Rye is not especially palatable to horses, and it is apt 
to produce digestive troubles if fed as the only grain or if the change to 
rye is made abruptly. (661) It is satisfactory when fed as only part 
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of the concentrate mixture along with better-liked feed, and preferably 
with oats or some other bulky concentrate. As rye kernels are small 
and hard, they should be ground coarsely or preferably crushed. Most 
of the trouble experienced in feeding rye has doubtless been due to 
over-feeding or feeding it as the only concentrate. 

733. Grain sorghums. — In the regions where they flourish, the va- 
rious grain sorghums are extensively employed for feeding horses and 
are only slightly less valuable than corn.^® (666) Being small and hard, 
they should be ground or crushed and if possible mixed with bran or 
middlings, for they tend to produce constipation. These grains may 
also be fed unthreshed in the heads or along with the forage. 

734. Oane molasses. — Cane molasses, or blackstrap, is well-liked 
by horses, and even when it is higher in price than grain a quart or so 
a day is sometimes fed as an appetizer or a conditioner.^® (641) If one 
is forced to feed rather coarse and unpalatable hay or other forage, 
sprinkling diluted molasses over it will induce the horses to clean it up 
much better, thus cutting down the wastage. 

Throughout the sugar-cane districts cane molasses is often the most 
economical Source of carbohydrates for work animals. The molasses is 
usually mixed with cut hay or with ground grain or other concentrates, 
but it is sometimes fed in troughs or poured on uncut roughage. Mules 
were fed as much as 9 lbs. per head daily of cane molasses with satis- 
factory results in Louisiana trials.^® However, the feeding of as heavy 
an allowance of molasses as this tended to increase sweating and ‘^wind- 
ing’’ of the mules, especially in hot weather. The molasses was mixed 
with cut hay and a reduced allowance of corn was fed in addition. 
When thus fed as a partial substitute for grain, the molasses was equal 
to corn, pound for pound, in feeding value. The use of molasses in 
this manner reduced the feed cost by 31 per cent. When mules were 
fed only molasses and chopped hay, without grain, they were not able 
to do heavy work in hot weather. 

736. Beet molasses. — Because of its laxative properties, beet mo- 
lasses must be fed only in limited amounts. (642) When not given in 
excess, it is satisfactory and is well liked by horses. The maximum 
amounts that should be fed daily, per 1,000 lbs. live weight, are about 
4 or 6 lbs. for work horses and about 2.5 lbs. for driving horses. The 
molasses may be thinned with warm water and mixed with cut fodder 
or fed in such mixtures as molasses-beet pulp, or alfalfa-molasses meal. 
In trials with 130 hard-worked horses of a Budapest transportation 
company, good results were obtained with a ration, per 1,000 lbs. live 
weight, of 4.1 lbs. beet molasses mixed with 5.6 lbs. wheat bran and 
fed with 5.7 lbs. com and an unlimited allowance of hay.^^ One pound 
of molasses , replaced 0.78 lb. of com. 

736. Molasses feeds. — Various molasses feeds, especially those con- 
taining some alfalfa meal, are extensively used in feeding horses in 
some sections of the eastern and southern states. Good-quality feeds 
of this character are satisfactory when economical in price, for they 
are palatable to horses, have sufficient bulk to prevent trouble from 
colic, and are usually slightly laxative. (646) 

In a Michigan test, two brands of commercial molasses feeds con- 
sisting chiefly of cane molasses, crushed oats, cracked com, and alfalfa 




Barley Is a Satisfactory Feed for Work Horses 

Other trials at the Wisconsin Station showed that crushed l)!irlev is worth more 
tlian crushed oats per pound for horses. 



Corn Is the Chief Grain for Many Corn-belt Horses 
Because of its lower cost and its higher feeding value per pound, corn is widely 
fed to horses in the corn belt. 



Oats Are Unexcelled for Carriage or Saddle Horses 

While oats excel any other single ^rain or concent rate for such horses, a proper 
combination of other concentrates will give just as satisfactory results. 



Fillies Eating Grain on Pasture 

It ia important to keep foals growing properly by supplying enough concentrates. 
These may be chiefly the farm grains. 
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meal, had no appreciable advantage over a mixture of crushed oats and 
cracked corn, and the latter was cheaper.^® The molasses feeds some^ 
times became sour or caked in the sacks. 

737. Dried beet pulp. — Dried beet pulp is often refused by horses when fed 
alone, but when mixed with other concentrates it may be used as a portion of the 
ration, if not too high in price compared with its feeding value. (644) Allowances 
of 5 to 6.6 lbs. per head daily have given good results in Europe. 

738. Sugar. — Small amounts of sugar have occasionally been recommended for 
horses. When 0.5 lb. of sugar was substituted for 2.0 lbs. of oats in a ration of 
oats and prairie hay in a Kansas trial, the horses fed sugar showed a greater ten- 
dency to sweat, although having good appetites and excellent coats of hair. 12 It was 
concluded that while a small amount of sugar may be fed occasionally as a condi- 
tioner, it is not an economical substitute for the various grains ordinarily available. 

739. Other concentrates low in protein. — In addition to the cereals and other 
low-protein concentrates that have been discussed in this chapter, several other feeds 
of this nature are satisfactory for horses and mules. These include emmer, ground 
millet seed, ground rough rice, brewers* rice, and ground buckwheat. For informa- 
tion on these the reader is referred to Part II of this volume. 

II. Protein-rich Concentrates 

740. Wheat bran. — Wheat bran is one of the most useful feeds for 
horses, because of its bulky nature and mild laxative properties. (542) 
If not more freely provided, its use once a week is desirable. When 
horses are fed grain as the only concentrate on work days, it is a good 
plan to feed them an Sundays and other idle days a mixture of one- 
third bran with two-thirds oats or other grain. 

Bran is excellent as a part of the ration for brood mares, foals, 
and stallions. In case of constipation, a wet bran mash may be used, 
which has a more pronounced laxative effect than dry bran fed in 
mixture with other feed. A wet bran mash is often prepared by pouring 
hot water over the bran and letting it stand for a half hour or more 
before feeding. As the immediate effect of a bran mash may be some- 
what weakening, it should be given at night and preferably before a 
day of rest. 

When bran is cheap, it may be an economical substitute for part of 
the grain in the ration. Fed with timothy hay, a mixture of equal 
weights of bran and corn was found equal to one of half oats and half 
com in a New Hamp^liire test.^^ When bran is fed in large amounts, 
it should be borne in mind that it is very low in calcium, although it 
is high in phosphorus. Legume hay will make good this calcium 
deficiency. 

741. Wheat middlings; wheat shorts. — Though furnishing more 
nutrients than bran, wheat middlings or shorts are not so desirable for 
horses, because of their heavier character. (543) When fed to horses, 
they should be mixed with bulky feeds and should not form over one- 
fourth the concentrates, as they may tend to produce colic if fed in 
too large amounts. 

742. Linseed meal. — Linseed meal, rich in protein and having tonic 
and somewhat laxative properties, is an excellent supplement for rations 
low in protein. (591) Not over 1 to 1.5 lbs. per head daily are needed 
to balance such a ration as com and timothy hay for work horses. 
Linseed meal is useful for bringing into condition run-down horses 



452 FEEDS AND FEEDING 

with rough coats, and it gives bloom and finish in fitting horses for 
show or sale. 

In a trial with 1,170-lb. artillery horses at the Kansas Station, 
excellent results were secured with a ration of 1 lb. linseed meal, 4 lbs. 
oats,. 6 lbs. com, and 12 lbs. prairie hay.^^ As less was needed to balance 
the ration, linseed meal was considerably more economical as a supple- 
ment than wheat bran. In a trial at the Iowa Station with 3 teams of 
farm horses a mixture of 1 part oil meal and 10 parts shelled corn, fed 
with timothy hay, was too laxative for horses at hard work in summer.^* 
A mixture of 1 part oil meal, 4 parts oats, and 12 parts com proved as 
satisfactory as one of 6 parts oats and 4 parts corn, and it was cheaper 
than the latter mixture. 

743. Cottonseed meal. — Cottonseed meal is often used, especially 
in the South, as a protein supplement in rations for horses and mules. 
(681-584) In several experiments satisfactory results have been secured 
when it has been thus fed.^® A rule sometimes followed is to feed not 
over 1 lb. of cottonseed meal daily per 1,000 lbs. live weight. However, 
horses and mules were fed as much as 2 lbs. per head daily for long 
periods with entire success in Texas trials with a total of more than 
90 animals.^® Work stock and also growing colts and brood mares were 
included in the experiments. In these trials pasture was provided 
during a considerable part of the yeiir, and a mineral supplement sup- 
plying calcium was included in the rations. In Mississippi trials, 3 lbs. 
of cottonseed meal daily per 1,000 lbs. live weight were fed to work 
mules with satisfactory results.^^ 

When cottonseed meal is added to a ration low in protein, it is 
worth considerably more per pound than corn or other grain. Such 
balancing of the ration improves the condition and appearance of the 
horses or mules. Using cottonseed meal as a large part of the concen- 
trates is not safe, as it may cause serious digestive disturbances because 
of its heavy nature. Also, it may be poisonous when fed in too large 
amounts. Only bright, high-grade meal should be fed to horses or 
mules. 

As cottonseed meal is not particularly relished by horses, it should 
be mixed with better-liked feeds. If more than 1.0 to 1.5 lbs. daily 
are fed, it is a good plan to mix it with a bulky feed, such as oats, bran, 
or corn-and-cob meal. It is best to feed not over one-fourth pound per 
head daily at first and gradually increase the allowance as the horses 
become accustomed to it. 

744. Legume seeds. — Soybeans, field peas, cowpeas, and horse 
beans may all be used in limited amounts as protein supplements for 
horses. All these legume seeds should be ground. They should not 
form over one-third the concentrate mixture, else they may cause diges- 
tive trouble, owing to their heavy nature. Farmers have reported that 
feeding a small amount of soybeans to horses in the spring seems to 
have the same effect as linseed meal, in making their hair smooth and 
sleek?® In Europe horse beans and other varieties of beans are exten- 
sively used in horse feeding. 

746. Mlsc^aneous protein-rlcli concentrates. — Gluten feed is most commonly 
need for dairy cattle, but it may be fed to horses in limited amounts, mixed with 
better -liked feeds, as a protein supplement to balance the ration. (523) 
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Gluten meal was used successfully as a supplement to corn meal in a trial at the 
Iowa Station, but it proved rather unpalatable to horses. 24 (524) 

Brewers^ dried grains, though most commonly fed to dairy cattle, are sometimes 
an economical substitute for oats in horse feeding. .A good quality of brewers* dried 
grains is equal, pound for pound, to oats in feeding value. (654) 

Distillers* dried grains have given satisfactory results when fed as not over one- 
fourth of the concentrate allowance to horses. (648) 

Cooormt meal is a safe, though rather unpalatable, feed for horses. It may 
replace oats to the extent of one-fourth to one-half the concentrates when economy 
justifies the measure. (607) 

Peanut meal can be fed very satisfactorily to horses as a protein supplement. 
High-grade peanut meal is as rich in protein as is cottonseed meal, so not more 
than 1 to 1.5 lbs. per head daily will be needed to balance a ration low in pro- 
tein. (698) 

Oil calces and meals from sunflower seed, rape seed, sesame seed, etc. are fed ta 
horses in Europe in quantities of 2.2 to 4.4 lbs. per horse daily with good results. 

Tankage and hlood meal may be useful for run-down, thin horses, 1 to 2 lbs, 
of tankage or 1 lb. of blood meal per head daily being used. As such animal by- 
products are unpalatable to horses, they must be mixed with well-liked feeds, 
(629, 632) 

Velvet hean feed was found satisfactory for horses at the Massachusetts Sta- 
tion when forming about one-sixth of the concentrate mixture .20 (605) 

III. Hay and Other Dry Roughages 

746. Proportion and amount of roughage. — The injurious effects 
of feeding too much hay or other roughage to horses are pointed out 
in the preceding chapter. (699) Information is also there given on the 
relative value of hay and of concentrates for the production of work. 

It is not advisable to feed new hay to horses until it has passed 
through the sweat in the mow or the stack, and has cooled off. 

747. Timothy hay. — Timothy is the standard hay for horses over 
a large part of the northern states and in eastern Canada. (449) Its 
popularity and wide use for horses are due to the ease of its culture 
and the readiness with which it can be cured into bright hay, free from 
dust or mold. Experiments have shown that for work horses, legume 
hay or mixed hay is usually more economical than pure timothy. This 
is because the allowance of grain can be reduced somewhat when these 
hays are fed, for they are higher than timothy in digestible nutrients. 

The actual nutritive value of timothy hay much more nearly 
approaches that of legume hay for feeding work horses than it does for 
any other class of stock. The low percentage of protein in timothy hay 
is of less importance in feeding work horses, because they require rela- 
tively little of this nutrient. For this same reason, timothy hay is a 
better feed for work horses than it is for colts or brood mares, whicli 
need an abundance of protein. 

While timothy cut too early makes “ washy hay for work horses, 
it should not be allowed to stand after full bloom, or it will become 
woody and indigestible. Much more timothy hay is cut too late than 
too early. 

748. Cereal hay. — On the Pacific Coast the cereal hays — barley, 
wild oats, wheat, etc. — are extensively used for horses, and in the Rocky 
Mountain region oat hay is of considerable importance. (456) Hay 
from cereals can often be advantageously employed in many other sec- 
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tions of the country, as it is about equal to timothy for horses. When 
cereal hay contains much grain, the amount of concentrates fed should 
be reduced accordingly. 

The use of sheaf oats for horses has been discussed earlier in this 
chapter. 

749. Other grass hays. — Prairie hay from the wild grasses is an excellent rough- 
age for horses throughout the western states, being but slightly less valuable than 
timothy.12 (456) 

Brome hay, a common roughage in the northern plains region, is about equal 
to timothy .30 (464) 

Millet hay from Hungarian grass, Japanese millet, etc., is satisfactory for 
horses, if cut before it is mature and if fed as only half the roughage. (460) When 
fed as the only roughage to horses for long periods, millet hay has produced serious 
lameness and swelling of the joints and has increased the action of the kidney s.ai 
The latter was perhaps due to a considerable amount of millet seed in the hay, as 
it is claimed that these have a harmful effect on the kidnoys.32 

Sudan grass hay is palatable to horses and makes a satisfactory roughage for 
them, much superior to millet hay. (468) 

Bermuda grass hay and Johnson grass hay are southern hay crops which are 
•excellent for" work horses and mules, being about equal to timothy hay in value.33 
(461, 464) 

750. Corn fodder and corn stover. — Properly-cured corn fodder 
(especially that grown thickly for fodder) or even bright corn stover 
is a satisfactory substitute for timothy hay in feeding idle horses or 
those at moderate work, and for brood mares, stallions, and growing 
colts. When well cured and not damaged by weathering, these feeds 
are palatable and usually quite free from dust. To reduce the waste, 
it is best to Cut or shred fodder or stover. The portion of good corn 
fodder or stover that is actually eaten is about equal to timothy hay 
in feeding value. There will usually be considerable refuse in feeding 
fodder or stover, however, even when it is cut or shredded. This refuse 
may be used for bedding. 

An excellent and economical roughage combination for wintering 
farm horses is half com fodder or stover and half legume hay.®* For 
idle horses, no grain will be needed in addition, except for a few weeks 
before the spring work begins. 

751. Sorghum fodder or hay. — ^Forage from the sweet sorghums, 
when properly cured, is superior to corn forage for horses. It usually 
deteriorates rapidly in value after midwinter unless well cured and 
tept dry. Moldy, decayed sorghum forage is especially dangerous to 
horses. Forage from the grain sorghums, though not so palatable as 
that from the sweet sorghums, is extensively used in the southwestern 
states. 

752. Straw. — ^Because of its high content of fiber and consequent 
low value for the production of work, but little straw should be fed to 
hard-worked horses. On the other hand, horses doing little or no work 
and having ample time for chewing and digesting their feed may be 
wintered largely on bright straw, instead of more-expensive hay. 

The saving that can be made through the use of straw and other 
cheap roughage in wintering horses is well shown in a trial at the 
Michigan Station.®® The cost of feed was reduced more than 40 per 
cent and the horses maintained their weights better, when a ration of 
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oat straw and shredded com stover, fed with roots and a suitable con- 
centrate mixture consisting largely of ear corn, was substituted for a 
ration of timothy hay and oats. Farm horses working 5.5 hours a day 
on the average were kept in satisfactory condition during the winter 
in a Missouri trial on 14.3 lbs. oat straw per head daily as the only 
roughage, fed with 14.8 lbs. corn-and-cob meal and 1.7 lbs. linseed meal.®® 
Adding a little legume hay to such a ration would be advisable, to supply 
more calcium and vitamins. 

Horses should not be wintered on straw or stover only, for such 
feeds are too low in protein, in calcium and phosphorus, and even in 
digestible nutrients to form the sole feed, even of idle horses. Such a 
ration may injure the health of the horses, as is pointed ouc in the 
preceding chapter. (698) 

753. Legume hay. — Well-cured legume hay is entirely satisfactory 
for horses if it is properly fed. The common prejudice against legume 
hay for horse feeding is due to the use of poor-quality hay or to feeding 
an excessive amount. Horses are especially fond of good legume hay, 
and therefore they must not be allowed to eat all they desire. The 
amount fed should be limited strictly to their requirements, as has been 
pointed out in the previous chapter. (699) Since alfalfa and clover 
hay are higher in digestible nutrients than timothy hay, less is needed 
to replace a given amount of timothy. 

It is important that legume hay for horses be bright and well cured, 
for that which is loaded with mold or dust and otherwise injured in 
quality may cause heaves. Dampening dusty hay before feeding helps 
somewhat, but it is far better to prevent the mold and dust by proper 
curing. 

764. Red clover hay. — Because red clover hay is often carelessly 
made and dusty, it is disliked by many horsemen, particularly for feed- 
ing roadsters. This objection does not apply to clean properly-cured 
clover hay. For driving horses, clover hay can be fed with timothy 
hay or bright straw, while for horses at ordinary farm work it may 
form the only roughage. (382) 

The value of this hay for farm horses is shown by an Illinois 
trial in which one horse in each of 6 teams received clover hay and the 
other an equal amount of timothy.®^ The horses in each group were 
fed the same amount of a mixture of corn, oats, wheat bran, and linseed 
meal, so the timothy-hay ration was well balanced in protein content. 
After 28 weeks the rations were reversed and the trial continued for 
20 weeks. 

The horses maintained their weights better on the clover-hay ration 
than on the timothy-hay ration. Also, although most of the teamsters 
were prejudiced in favor of timothy hay at the beginning, they later 
reported that they could observe no difference in the spirit of the horses 
or in their ability to endure hot weather. The horses fed clover hay 
had glossier coats and their bowels were looser, but not objectionably 
so for doing hard work. 

Second-crop clover hay may cause slobbering, for some unknown 
reason. 

766. Alfalfa hay . — Experience on thousands of farms in the west- 
ern part of the United States, where alfalfa hay has been fed for 
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many years as the only roughage to horses, shows that it is economical 
and entirely satisfactory when properly fed. With the spread of alfalfa 
growing into the eastern states, its use for horses is increasing 
there. (373) 

Alfalfa hay for horses should be free from dust or mold and should 
not be cut until about full bloom, as hay cut earlier may be too laxative 
for horses. Alfalfa is very palatable to horses, and therefore the amount 
fed must be strictly limited, or they will eat too much. (699) Not over 
1.0 to 1.1 lbs. daily per 100 lbs. live weight should be fed work horses. 
Although alfalfa hay can be fed with entire success to work horses as 
the only roughage, some prefer to use it for but one-third to one-half 
the daily allowance of hay, the remainder being hay from the grasses.®® 

The good results which can be secured when alfalfa hay is used 
as the only hay for work horses are well shown in a trial at the Michigan 
Station which covered an entire year.®® One horse in each of 8 teams 
doing farm work was fed first-cutting alfalfa hay and ear corn, and 
their teammates were fed timothy hay, oats, and ear corn. The rations 
were reversed at the end of 13 weeks and the experiment was then 
continued* foiv the rest of the year. The results on each ration are 
shown in the table: 


Alfalfa 

versus timothy hay for work horses 


Average ration 


Av. gain or loss 

Daily cost of feed 

Alfalja-fed horses 

Alfalfa hay, 17.9 lbs. 

Ear corn, 12.2 lbs. . . 

per head 

Lbs. 

21 

per head 

Cents 

31.0 

Timothy-fed horses 
Timothy hay, 19.6 lbs. 

Oats, 6.2 lbs 

Ear corn, 8.0 lbs 

-17 

36.5 


The alfalfa-fed horses gained 21 lbs. on the average during the 
year, while the timothy-fed horses lost 17 lbs., though they were fed 
1.7 lbs. more hay and 2.0 lbs. more grain a day. The daily cost of feed 
for the timothy-fed horses was 5.5 cents more than for those fed alfalfa, 
and the value of the timothy hay for the horses was only 67 per cent 
as much per ton as that of the alfalfa hay. Similar favorable results 
with alfalfa hay for farm horses have been secured in several other 
experiments.^® 

That alfalfa hay may be used successfully even for horses doing 
hard work at a rapid pace, is shown in a trial with artillery horses 
conducted by the Kansas Station.^® These horses performed a consid- 
erable part of their work at the trot and no small part at a gallop. One 
lot of horses, fed an average of 10 lbs. alfalfa hay, 8 lbs. shelled corn, 
and 2 lbs. oats, gained 25.6 lbs. per head during 140 days, while others, 
fed 14 lbs. timothy hay with 4 lbs. corn and 8 lbs. oats, lost an average 
of 7.7 lbs. The cost of the alfalfa ration was only about two-thirds that 
of , the timothy ration, and the alfalfa-fed horses showed no shortness of 
wind, softness, or lack of endurance. First-quality alfalfa hay, bright 
and free from dust, is now even fpd to race horses at some stables. 

A common' ration for idle horses in the West is alfalfa hay fed 
with no grain, but often with what straw the animals will eat. 



FEEDS FOR HORSES AND MULES 


457 


766. Miscellaneous legume hays. — Hay from soybeans, cowpeas, 
field peas, sweet clover, lespedeza, and other legumes may be used with 
good results in feeding horses and mules, if it is well-cured and if no 
more is fed than is actually needed by the animals. 

Soybean hay was worth 9 per cent more a ton than Johnson grass 
hay in 3 experiments at the Mississippi Station.*^ In these tests the 
mules in 5 or 6 teams were fed either soybean or Johnson grass hay with 
ear com for 150 days, and then the rations were reversed and the 
experiment continued for a second period of the same length. (3fi®) 
Cowpea hay and corn-and-cob meal made a satisfactory work ration 
in a trial at the North Carolina Station.'*^ (401) 

Lespedeza hay was decidedly superior to timothy for growing mules 
at the Louisiana Station.^^ (405) 

767. Mixed legume and grass hay. — Excellent hay for horses is 
furnished by well-cured mixed clover-and-timothy, mixed alfalfa-and- 
timothy hay, or similar combinations.- Such hay possesses much of the 
good qualities for horses of both timothy hay and legume hay. If one 
has various lots of mixed hay containing differing proportions of 
legumes, it is wise to use for work horses the hay which contains less 
legumes, and to feed the hay higher in legumes and therefore richer 
in protein to colts, brood mares, dairy cattle, beef cattle, or sheep. This 
is because these other classes of stock need much more protein than 
do work horses. 

IV. Pasture and Other Succulent Feeds 

758. Pasture. — Good pasture is exceedingly important for colts 
and brood mares. Also, through the well-planned use of pasture the 
cost of keeping farm work horses can usually be considerably reduced. 
For early spring and for fall pasture, bluegrass or other permanent 
pasture is excellent. Mixed pasture that contains a considerable pro- 
portion of white clover or other legumes is even better than grass alone. 

The use of pastures grown in the regular crop rotation, instead 
of parasite-infested permanent pasture, will help greatly to reduce 
infestation with internal parasites. Since horses are much less subject 
to bloat than are cattle or sheep, legume pasture is excellent for them. 
Alfalfa, red clover, or sweet clover pasture is very satisfactory for 
horses. In an Illinois test weanling foals on sweet clover pasture seemed 
to crave some dry carbonaceous feed, however, and sheaf oats were 
used both for this purpose and to supply some grain.^^ 

Alsike clover may sometimes apparently be the cause of a serious 
disease known as ‘ ^ big liver, ’ ^ or liver disease, ’ ^ in horses, if it forms 
the chief part of the pasturage.**® 

Whenever farm work horses are idle during the pasture season, 
they should be turned to pasture, thus reducing the labor and expense 
to a minimum. Even when horses are worked regularly, it is economy 
to turn them out at night, after they have eaten their grain, into a 
nearby pasture which has been fertilized so that there is plenty of grass. 
This practice not only reduces the cost of feed but also helps to keep the 
horses thrifty and to lessen the trouble from swollen legs. During hot 
weather, horses are much more comfortable at night when turned out to 
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pasture than when confined in stalls. Pasturing work horses at night 
may increase the tendency to sweat while at work, but this is not of 
great importance when the benefits are considered. 

In the spring, work horses should not be turned on pasture too early 
in the season, as the grass is then too ‘‘washy’’ and laxative. Also, it is 
best to accustom work horses to pasture gradually, and the pasturing 
should be regular, and not intermittent. To avoid too laxative a condi- 
tion when work horses are pastured, the other feeds should not be of a 
laxative nature. 

After the harvest is over in the fall; horses not needed for work 
should be turned to pasture. They should have access to an enclosed 
shed and should have some good-quality dry roughage, fed in a rack, to 
supplement such feed as they can secure from stalk and stubble fields and 
meadows. Where there is little snow in winter, idle horses can get no 
small part of their winter feed by cleaning up such fields. 

Colts and also brood mares, which are not at work should be on 
good pasture throughout the growing season, care being taken that they 
actually have enough feed to keep them thrifty. City horses are often 
turned on pasture so that their feet may recover from the ill effects of 
hard pavements. 

759, Corn silage. — While silage is fed to horses much less fre- 
quently than to cattle or sheep, many farmers have had success in using 
it. (426) Only silage of high quality, free from decay or mold, should 
ever be fed to horses, for they are much more susceptible to poisoning 
from spoiled silage than are cattle or even sheep. Trouble from this 
source seems to be more common during warm spells in early spring, 
probably due to spoilage through carelessness in handling the silage.'*®’ 

Silage should not be the only roughage for horses, but it may 
replace one-third to one-half the hay usually fed. The animals should 
be accustomed to it gradually, and certain horses may not take to it 
readily at first. Some advise feeding no more than 10 to 15 lbs. per head 
daily, although much larger allowances have been fed satisfactorily.**^ 

Because of its bulky nature, horses at hard work cannot consume 
much silage, but it is well suited to idle horses, brood mares, and grow- 
ing colts. If the silage contains much corn, the amount of grain that is 
fed should be reduced accordingly. In trials at the Missouri Station idle 
brood mares averaging 1,593 lbs. in weight were wintered with economy 
on such rations as 16.8 lbs. corn silage and 8.0 lbs. of mixed hay per head 
daily.^® A ration of 22.0 lbs. com silage, 10.4 lbs. timothy hay, 8.4 lbs. 
oats, and 2.1 lbs. wheat bran was very satisfactory for wintering draft 
foals in a Wisconsin test.^® Using the silage to replace part of the grain 
and hay commonly fed, made a saving of 20 per cent in the cost of feed 
and slightly increased the gains. 

760, Wet beet pulp. — Wet beet pulp is unsuited for work horses, according 
to Pott, although it may be fed to idle horses at the rate of 22 to 44 lbs. per head 
daily.60 (643) Larger quantities are said to be injurious. Colts were allowed con- 
stant Access to pulp at a sugar-beet factory for several years without trouble 
arising.51 

761, Boots; tubers; fruits; etc. — The only importance of roots for horse feed- 
ing in most sections of this country is as an aid to digestion, for the cereals gener- 
ally furnish nutrients at a lower cost. 
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Carrots, especially relished by horses, are great favorites with horsemen when 
cost of keep is not considered. They may be fed whole or sliced,' but if sliced, the 
pieces must be small enough so the horses will not choke on them. Though contain- 
ing only half as much dry matter as corn silage, carrots were worth more than corn 
silage, pound for pound, for idle horses in a trial at the Michigan Station.52 As 
has been stated previously, some advise feeding no carrots to brood mares for a few 
weeks before and after they foal. (478) 

Fotatoes may be fed, cooked or raw, in amounts up to 15 or 20 lbs. per head 
daily. (480) 

Fresh fruit may sometimes be profitably fed in moderate amounts when there 
is no market for it, and dried fruits, slightly injured and therefore unsalable, have 
been successfully used for horses. (492) 

QUESTIONS 

1. Why are oats the standard grain for horse feeding? 

2. Discuss the use for horses of corn with legume hay; of corn with non-legume 

roughage. 

3. What is the value of hominy feed for horses in comparison with that of corn? 

4. State the manner in which each of the following can be used satisfactorily in 

horse feeding: (a) Barley; (b) wheat; (c) rye; (d) grain sorghums. 

5. Discuss the value and use of the following for horses and mules: (a) Cane 

molasses; (b) beet molasses; (c) molasses feeds; (d) dried beet pulp; 
(e) sugar. 

6. How should wheat bran be used in horse feeding? 

7. Why is linseed meal popular as a protein supplement for horses? 

8. Discuss the use of cottonseed meal for horses and mules. 

9. What other protein supplements are used for feeding horses or mules in your 

district ? 

10. Why is timothy hay so popular for horse feeding? 

11. Discuss the value of any of the following that are of importance for horses or 

Aules in your locality: (a) Cereal hay; (b) prairie hay; (c) brome hay; 
(d) millet hay; (e) Sudan grass hay; (f) Bermuda grass hay; (g) Johnson 
grass hay. 

12. Discuss the use of corn fodder and corn stover; of sorghum fodder or hay. 

13. How can straw be economically used in horse feeding? 

14. What are the merits and the limitations of legume hay for horses and mules? 

15. Discuss the value of red clover hay for horses. 

16. What have experiments shown concerning the value of alfalfa hay for horses? 

17. If any of the following are used for horses or mules in your region, state their 

value for this purpose; (a) Soybean hay; (b) cow^pea hay; (c) lespedeza hay. 

18. Suppose a dairy farmer has one mow of mixed hay containing over one-half 

clover and another mow of mixed hay containing only one-third clover. Which 
hay should he feed to his cows and which to his work horses? 

19. Discuss the importance and use of pasture for horses. 

20. What limitations does corn silage have as a feed for horses or mules? 
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CHAPTER XXIII 

FEEDING ^ AND CARING FOR HORSES 

I. Feeding Work Horses; Fattening and Fitting Horses 

762. Importance of skill and good judgment. — Skill and good 
judgment enter into the success or failure of feeding and caring for 
horses even more than with other classes of stock. Under similar con- 
ditions, two men may secure widely different results. In one case the 
team has an action and style which at once show it to be in the best of 
condition. In the other, the lagging step, dull eye, and rough coat 
show better than words the lack of judgment in feeding and manage- 
ment. The unsatisfactory condition has not necessarily been brought 
about by any saving at the feed bin and hay mow. Indeed, the good 
horseman will usually feed his team the more economically. 

The principles of successful horse feeding are, however, simple and 
easily understood. If the few necessary rules and precautions are ob- 
served, coupled with good judgment at all times, there should be no 
difficulty in maintaining horses in condition to work most efficiently. 

763. Work horses. — The nutrient requirements of work horses and 
the general principles of feeding and caring for them have been dis- 
cussed in Chapter XXI. If these principles are understood, it is rela-' 
tively easy to feed horses efficiently. (698-706) 

The amount of feed necessary for a work horse will depend on the 
size of the animal, on the severity of the work, and also on whether 
he is an easy or a hard keeper. As a general average, the total allow- 
ance of concentrates and hay should be from 2.0 to 2.5 lbs. daily per 100 
lbs. live weight. The amounts of concentrates (including grain and any 
other concentrates) and of hay daily per 100 lbs. live weight for various 
degrees of work should be about as follows : 

Hard work, 1.00 to 1.40 lbs. of concentrates and about 1 lb. of hay. 

Medium work, 0.75 to 1.00 lb. of concentrates and 1.00 to 1.25 lbs. of hay. 

Light work, 0.40 to 0.75 lb. of concentrates and 125 to 1.50 lbs. of hay. 

A horse that is a hard keeper will need considerably more grain 
than an easy keeper when doing the same amount of work. Young 
horses that are still growing and also mares that are in the last half 
of pregnancy or those suckling foals will need more grain than other 
work horses. 

Usually the amount of grain or other concentrates is divided equally 
into 3 feeds, and given at morning, noon, and night. It is best to 
feed only a small amount of hay in the morning, for a digestive tract 
distended with hay is a hindrance in hard work. A common plan is to 
feed about one-fourth the daily allowance of hay in the morning, one- 
fourth at noon, and one-half at night. Some omit the noon feeding and 
give one-third the hay in the morning and the remainder at night, when 
the horses have plenty of time to eat it. 

461 
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The importance of pasture in reducing the cost of feeding farm 
work horses has been discussed in the preceding chapter. (758) 

Horses that are inclined to bolt their grain, or eat it too rapidly, 
can be made to eat more slowly by placing several smooth stones about 
3 inches in diameter or a few whole corn cobs in the feed bojc. Another 
method is to feed the grain well spread out in a large, flat feed box, or 
else to mix it with bran or chopped hay. 

To avoid digestive troubles and possible deaths from azoturia, it 
is imperative that the allowance of grain for horses at hard work be 
reduced on idle days to 50 to 70 per cent of the amount usually fed. 
It is best to feed on such days in place of only grain, a mixture of 
two-thirds grain and one-third bran. Some feed a small allowance of 
grain at noon on idle days, with only a bran mash both morning and 
night. Others feed only a bran mash on Saturday night, and on Sun- 
days and other idle days omit the noon feed of grain entirely. 

On coming to the stable at noon, the work horse should have a 
drink of water, care being taken, if he is warm, that he does not drink too 
much. Before going to work, he should be watered again. If possible, 
an hour should be allowed for the mid-day meal, and many good horse- 
men remove the harness so the horse can eat his meal in comfort and rest 
easily. When the horse comes in after the day's labor, he should be 
given a drink, unharnessed at once, and when the sweat has dried, 
brushed well. Horses will also appreciate a drink in the evening after 
they have eaten most of their hay. 

The same general principles apply in feeding and caring for mules 
as in the case of horses. (719) 

764. Rations for work horses. — ^As a guide in working out eco- 
nomical rations adapted to local conditions, several example rations are 
given in Appendix Table VII for 1,200-pound horses which are at hard, 
medium, and light work and for horses which are idle. All these rations 
meet the requirements according to the Morrison feeding standards and 
should prove satisfactory in practice. With horses of other weights, the 
rations should be increased or decreased by approximately one-twelfth the 
amounts of feed shown, for each 100 lbs. the live weight differs from 
1,200 lbs. 

The following will illustrate the substitutions which may be made 
in these rations. Still others are discussed in the preceding chapter, 
which treats in detail the various feeds that are used for horses. Hay 
from other grasses may be substituted for timothy hay, usually pound 
for pound. The legume hay may be alfalfa, red clover, sweet clover, 
soybean, cowpea, lespedeza, etc. Fodder and stover from the sorghums 
may replace com fodder and stover. For horses at work, straw had best 
be chopped and mixed with the concentrates. 

Crushed or ground barley may be substituted for oats, one-tenth 
less being fed. If barley is fed as the only grain, it is best to add 15 
per cent or more of bran or chopped hay to make the mixture more 
bulky, so as to prevent colic. Crushed or ground wheat or rye may be 
substituted for oats or corn, but these grains should not form more 
than one-third the grain mixture, on account of their heavy, pasty 
nature. 

Cottonseed meal may replace linseed meal, not over about 2 lbs. 
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per head daily being fed. Wheat bran, gluten feed, peanut meal, and 
other protein-rich feeds may be substituted for linseed meal, the amount 
being increased proportionally in the case of bran, gluten feed, or other 
supplements which are lower than linseed meal in protein. 

766. Wintering farm horses. — To reduce the cost, farm horses 
when idle during the winter should be maintained on roughages, with 
grain or other concentrates added only when necessary to balance the 
ration or to keep them from running down in condition. The roughages 
used for this purpose can often be those that are unsalable and not 
adapted to other stock. For example, there may be thus used the refuse 
stems from clover or alfalfa hay that has been fed to dairy cattle or to 
fattening cattle or sheep. 

Idle horses can also get much of their feed in fall and early winter 
by grazing the aftermath in meadows or by cleaning up stalk and 
stubble fields. Straw or stover from corn or the sorghums can also form 
a considerable part of their ration, but care should be taken to supply 
some feeds higher in protein, minerals, and vitamins, or bad results may 
follow. (698) If not provided more liberally, it is wise to feed 5 lbs. 
per head of legume hay at least 3 times a week. Light grain feeding 
should begin a few weeks before spring work starts, to get the horses 
into such condition that they can do the hard work required at that 
time of the year. 

Idle horses should be turned out daily for exercise in a lot, pro- 
tected from the wind. If they have the run of fields during the winter, 
they should have access to a dry shed for shelter. 

766. Fitting horses for the market; fitting for shows. — Many 
farmers do not realize that horses which are fattened or fitted before 
sale usually bring a sufficiently higher price to make this profitable. 
Horses that are thin and have unkempt, shaggy coats do not present an 
appearance that attracts most buyers, though they may actually be 
excellent animals. The market for horses is seasonal, and various types 
and weights of horses often sell best at different seasons. A farmer 
with horses to sell should therefore post himself as to when they will 
probably bring the highest price, and then fit them for sale at that time. 

Some men have made a practice of buying horses in the fall after 
farm work is over and fattening them for market. The horses are 
gradually accustomed to a heavy grain ration, getting all they will clean 
up when on full feed. At this time some of the heaviest feeders will 
consume nearly twice as much as when at hard work, or about 2 lbs. of 
grain for every 100 lbs. live weight. Due to the forced feeding, sur- 
prising gains are often secured. Instances are reported where horses 
have gained 4 lbs. or even more per head daily for periods of about 
2 months. While horses thus fattened often bring the best prices, such 
rapid and excessive fattening is of little benefit and may be injurious. 
When put to hard work, the horse quickly loses much of the soft flesh 
gained by such forcing. 

The chief concentrates used in fattening horses are com and oats, 
often with moderate allowances of such protein-rich feeds as wheat bran, 
linseed meal, or cottonseed meal added to balance the ration. Clover 
or alfalfa hay is commonly fed, for these hays are much superior to 
timothy hay for this purpose. In addition, silage of good quality may 
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be advantageously fed. At the Illinois Station^ a ration of 8.6 lbs, 
com, 8.6 lbs. oats, 2.4 lbs. wheat bran, 0.4 lb. linseed meal, and J3.7 
lbs. clover hay gave excellent results in fattening horses. A most 
successful ration for fattening 1,450-lb. horses at the Pennsylvania 
Station* was 12.3 lbs. shelled corn, 1.4 lbs. cottonseed meal, 16.9 lbs. 
corn silage, and 10.5 lbs. mixed hay. Horses thus fattened require 
about the same amount of feed as fattening cattle for 100 lbs. gain 
in weight. 

Horses which are being fattened should be allowed to run in pad- 
docks for exercise, to avoid digestive troubles and to keep their legs 
from becoming stocked. There is more risk in fattening horses than 
in fattening cattle, even without considering fluctuations in market 
price. Heavily-fed horses kept in idleness are apt to become blemished 
or injured through playfulness, and the risk of sickness is greater than 
with other classes of stock. 

All show horses should be in good flesh, draft classes especially. 
The advice above given for fattening horses will apply to fitting draft 
horses for sb,ow, except that they must be exercised daily to keep their 
muscles in good frim. All show horses should be carefully fed, groomed, 
and exercised to bring them into proper ^ * bloom. Training also counts 
for much in the show ring. 

II. Feed and Care of the Light Horse 

767. Peed and care of carriage and saddle hordes. — Style and 
action are of the greatest importance with these horses, economy of 
feeding standing second. Many horsemen in this country still assert 
that -the oat-fed horse exhibits mettle as from no other feed. Though 
oats easily excel any other single grain or concentrate, there are numer- 
ous instances in which a properly-combined concentrate mixture has 
given just as good results. From 8 to 10 lbs. of oats or their equivalent 
daily, divided into 3 feeds, should suffice for concentrates, the evening 
meal being the largest. In case the horse is at all constipated, bran 
should be fed, dry or as a mash. 

The hay is usually fed long, for the carriage or saddle horse has 
ample time for his meals. From 10 to 12 lbs. of hay per head daily are 
a liberal allowance, bringing the total ration within 18 to 22 lbs. The 
light horse must be trim in body and so cannot consume too much bulky 
feed, yet some roughage is always necessary. With this class of horses 
the horseman must also guard against feeding too large amounts of 
such laxative feeds as clover and alfalfa hay or bran. ^ 

Light horses are usually overfed and exercised irregularly or too 
little, and mainly for these reasons their period of satisfactory service 
is often brief. On days when they are not driven or ridden, the usual 
amount of roughage may be fed but the amount of grain should be 
reduced. 

768. Peed and care of race horses. — The single requisite of speed 
makes the carrying of every pound of useless body weight, and more 
especially of feed, a serious matter in the management of the race horse. 
There is also to be considered ^the effect of the food on the character 
of the muscles formed from it, and especially on the nerve and mettle 
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of the horse. Most horsemen agree in regarding oats as the one grain 
suitable for horses where speed is sought regardless of cost of food. 
While this opinion prevails in this country, we should remember that 
the Arab horse usually subsists upon barley. 

For information on feeding the trotter we can draw from no better 
source than Woodruff, whose advice is here condensed.* 

After weaning, trotting-bred colts should be fed about 2 lbs. of oats per day 
with an unlimited allowance of hay. As tho colt grows older the amount of oats 
should be incresised to 4 lbs. for the yearling, 6 lbs. for the 2-year-old before train- 
ing, and 8 to 12 lbs. for the colt 2 to 3 years old in training, an unlimited allowance 
of hay being given all this time. 

When going into winter quarters, the feed of the trotter should be reduced 
fully one-half in order to prevent fattening. A few carrots may be given and a 
bran mash occasionally, with good clean, sweet hay. Horses whose legs must 
undergo blistering or firing should have more cooling feed, as mashes and carrots, 
with less oats, in order to reduce the tendency to feverish, inflammatory symptoms. 
Care must be taken not to permit the animal to get flabby or washy by too much 
soft food while undergoing treatment. 

Horses turned out in the field should be fed oats twice a day, for the exposure 
increases the need of heat-giving food. In the spring when animals are shedding, 
bran mashes are in order to keep the bowels open. 

With the beginning of the training season the feed should be increased to 
8 or 10 lbs. of oats daily, in which case the horse wants less hay, but may still have 
all he will clean up unless he is a glutton. It is necessary to muzzle some greedy 
horses to prevent their eating the bedding long before the time for the race. No 
carrots or corn should now be given, unless it is necessary to induce a light feeder 
to eat his oats by mixing a handful of corn with them. 

During the jogging and after preparation, a bran mash about once a week, 
depending on the condition of the horse’s bowels, will be proper. The trainer must 
never relax his vigilant observation, or let his judgment sleep. During the fast 
work, preparatory to the coming trial, the horse will be put upon his largest allow- 
ance of strong food. Some will not eat more than 8 or 10 lbs. of oats a day ; and 
it is necessary that such light feeders be not over worked. A good feeder ought 
to have about 12 to 13 lbs. of oats with a fair amount, say 6 to 8 lbs., of hay. 
Some will eat 16 lbs. of oats a day. 

HI. Raising Horses 

769. Peed and care of brood mares. — Many farmers who raise no 
colts would find it profitable to keep a good team of brood mares to 
do part of the farm work and also to raise colts each year. The brood 
mare must, however, have proper feed, care, and management. It is 
estimated that only 60 per cent of the brood mares that are bred each 
year produce living foals. This enormous loss is largely due to neglect 
and carelessness. Control of breeding diseases is also necessary to secure 
a high percentage of foals. 

Idleness must be avoided in the case of brood mares. Those which 
work regularly are more certain to bring good foals than idle ones, 
yet judgment must always be used in working them. Pulling too hard, 
backing heavy loads, wading through deep snow or mud, or other over- 
exertion is dangerous. When not worked, the mare should be turned 
out daily for exercise. As foaling time approaches, the work should 
be lightened, and preferably discontinued 3 days to a week before foal- 
ing. When laid off, the mare should still be allowed exercise. Mares 
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heavy in foal are apt to be cross and quarrelsome, but they should always 
be handled gently. 

Feeding a brood mare that is worked, is simpler than feeding an 
idle one. The essential is a well-balanced ration of good-quality feeds, 
containing a liberal supply of protein, calcium, and phosphorus, which 
are needed for the growth of the fetus. An abundance of these nutrients 
is especially needed by pregnant mares that have not yet finished their 
own growth and by mares that are suckling foals. 

To supply sufficient protein, minerals, and vitamins, it is desirable 
that at least half the roughage for brood mares during the winter be 
legume hay. The rest may be grass hay, corn stover, corn silage, or 
even good straw. Brood mares which are idle during the winter will 
need but little concentrates, if they have plenty of good roughage. 
Sufficient grain or other concentrates should be fed, if needed, to keep 
the mares in thrifty condition, but they should not be allowed to become 
fat. It is important to keep their bowels active through the use of such 
feeds as bran and linseed meal. 

It does not take very much more feed to maintain through the year 
a work mare that raises a colt, than it does to maintain another horse 
doing an equal amount of work. For example, Percheron mares which 
raised foals were worked in a Missouri trial throughout a year in teams 
with similar mares that were not bred.^ Both groups of mares did the 
same amount of work, averaging 4.8 hours daily for the year. The 
former ate 5,905 lbs. grain and 7,561 lbs. hay per head during the year, 
which was only 794 lbs. more grain and 119 lbs. more hay than eaten 
by the mares that did not raise foals. 

770. Gestation period and foaling time. — The average period of 
gestation for the mare is about 11 months, or 340 days, though it may 
vary quite widely. Shortly before foaling, the grain allowance should 
be decreased and laxative feeds more freely used. When wax forms on 
the mare^s teats, the foal may nearly always be expected within 3 days. 
To avoid infection which may cause navel ill and joint disease, the mare 
should foal in a roomy box stall, unless she can foal at pasture. The 
stall should be disinfected, and bedded with dry straw that is as free 
as possible from chaff and dirt. It should be kept well cleaned. 

As foaling time approaches, the mare should be watched so assist- 
ance can be rendered, if necessary. Yet she must not know that anyone 
is on guard, for often a mare will not give birth to her foal when 
persons are present, if she can delay it. If it is seen that the mare is 
in difficulty, an experienced veterinarian should be secured. 

The mare should be given a half bucket of lukewarm water before 
foaling, and when on her feet again she will need another drink of water, 
A light feed of bran is suitable for the first meal, and this may be 
followed by oats, or by such a mixture as oats and bran. After foaling 
the mare should be confined for a few days, her ration not being too 
abundant. With favorable conditions, after 4 or 5 days she may be 
turned to pasture, and in 10 days, if work is urgent and the mare has 
fully recovered, she may go back to light work, for a part of the day 
at least. 

Although the natural and customary foaling time is in the spring, 
where the mare must do a hard season’s work or when she does not get 
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in foal from spring service, she may be bred to foal in the fall. If one 
has a warm bam with a roomy box stall, mares may be bred to foal in 
January or February, at a time when they are not usually needed for 
work. 

Only the quick-maturing draft filly should be bred as a 2-year-old ; 
all others when 3 years or past. If the desire is to improve the strain 
of horses, one should not breed even the draft filly at 2 years of age. 
When market draft horses are raised it may prove economical to breed 
fillies at 2 years of age. This will not injure them to any noticeable 
degree if they are well-grown for their age and are properly fed and 
cared for. 

771. Mare’s milk.: — Mare’s milk is white or bluish in color with an 
aromatic, sweetish, slightly bitter taste. As is shown in Appendix Table 
I, it is much lower in fat, protein, and mineral matter than is cow ’s milk, 
but it is somewhat richer in milk sugar. The milk yield of good brood 
mares is greater than is often supposed. In German tests the daily milk 
yield of draft brood mares suckling foals was 26 to 77 Ibs.^ It was found 
in English studies that in the case of foals which were not thriving the 
milk of the dam was usually abnormal in composition, and often unduly 
high in fat.® 

772. The foal. — A thrifty, well-fed foal should make approximately 
half its entire growth during its first year. If stunted during this 
time, rarely will it reach full size^ It is therefore of the greatest 
importance that the foal start life full of vigor and that it be kept 
growing thriftily. Soon after birth, the foal should get the colostrum, 
or first milk, of its dam, because this increases the resistance of the 
digestive tract to bacterial infection. If the fecal matter is not voided 
in a few hours and the foal has a listless appearance, a dose of castor oil 
or a rectal injection is necessary. On account of the great danger from 
navel or joint disease, the stump of the navel cord should be carefully 
disinfected. 

If the dam does not supply the proper amount of milk, feed should 
be given her which will stimulate the milk flow. Good pasture grass 
is, of course, the best, but in its absence a liberal allowance of grain 
should be fed. On the other hand, an oversupply of milk or milk too 
rich in fat may cause indigestion in the foal. The dam’s ration should 
then be reduced and some of her milk drawn, the foal being allowed 
the first portion, which is the poorest in fat. 

773. Weights and gains of foals. — To determine the rate of growth 
of liberally-fed draft colts, Crampton of Macdonald College, Canada, 
secured data on 409 draft colts.*^ The average weight of the sires of 
these colts was 2,050 lbs. and of their dams, 1,760 lbs. At birth the 
average weight of the colts was 120 lbs. Their average weights at 
various ages were as follows : 6 months old, 730 lbs. ; 1 year, 1,020 lbs. ; 
18 months, 1,350 lbs. ; 2 years, 1,480 lbs. ; 3 years, 1,790 lbs. ; and 4 years, 
1,980 lbs. 

During the first 6 months the colts gained an average of 3.4 lbs. 
a day; from 6 months of age to a year of age, 1.6 lbs. a day; from a 
year of age to 18 months of age, 1.8 lbs. a day ; during the next 6 mouths, 
0.7 lb. a day; during the third year, 0.9 lb. a day; and during the 
fourth year, 0.5 lb. a day. It will be noted that the average daily gain 
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from 6 months to 1 year of age was slightly less than during the follow- 
ing 6-month period. This slower rate of gain was due to the effect of 
weaning during the former period. 

Allen found that 1,071 trotting-bred foals averaged 110 lbs. at birth.® 
Their average gain was 534 lbs. for the first year, 264 lbs. for the sec- 
ond, 118 lbs. for the third, and 76 lbs. for the fourth, making their 
average weight 1,102 lbs. at 4 years of age. 

Hooper found that Thoroughbred fillies which were foaled from 
the latter part of February to the end of April averaged 760 lbs. in 
weight and 14 hands 2 inches in height on April 1 of the next year.® 
Colts averaged 780 lbs. at the same age. 

774. Feeding the foals. — ^Foals should learn to eat grain as early 
as possible, so as to keep gaining rapidly. Also, if the mares are work- 
ing, the foals will then fret less for their dams. By placing the feed 
box low, the foal will begin nibbling from the mother ^s supply at 3 or 
4 weeks of age. Crushed or ground oats or wheat bran are excellent 
feeds for young foals, and also such a mixture as 4 parts by weight of 
cracked or ground com, 3 of bran, and 1 of linseed meal. By the time 
they are to be weaned they should be eating 2 to 3 lbs. of concentrates 
a day. They should also be given good legume hay as soon as they 
will eat it, and they should have access to a supply of good water. 

If the dam has insufficient milk, the foal may be fed cow^s milk, 
preferably milk low in fat. Watchfulness should always detect the first 
appearance of such ailments as constipation or diarrhea. Adding a little 
linseed meal to the ration will help relieve constipation. In case of 
diarrhea, the feed for both dam and foal should at once be lessened. 

If the mares and foals are on pasture, a small enclosure, called a 
creep,*’ should be made at a spot where the horses are inclined to 
loiter, with a gate and also with an opening of such size that the foals 
can enter, while the mares are kept out. Here a suitable grain mixture 
should be supplied in a feed trough. To accustom the foals to eating 
inside the creep, the gate should be left open for a few days, so the 
mares will enter and eat the grain mixture. After the marcs are shut 
out, a salt block or a large lump of rock salt can be kept nearby, so the 
mares will loiter near the creep. 

When the mares are worked, it is usually best not to have the foals 
follow them while at work. A small pasture paddock should be provided, 
with a shed for shelter. Burlap sacks hung from such a shed will brush 
flies off the foals as they pass under them. The mare should be brought 
to suckle the foal in the middle of the forenoon and afternoon for the 
first 2 or 3 weeks. Before turning her with the foal, she should be 
allowed to cool off, and perhaps some of the milk drawn from her 
udder. If the foal is housed in the barn during the day, it is well to 
turn both dam and foal to pasture at night. Brood mares at work and 
nursing strong foals should be heavily fed to sustain a good milk flow. 

776. Weaning. — At from 4 to 6 months of age, the foal should be 
weaned. When the mare is bred soon after foaling, or if for any reason 
the dam or foal is not doing well, it is best to wean comparatively early. 
On the other hand, if the mother has a good flow of milk and her services 
are not needed, the foal may be allowed to suckle for 6 months. If the 
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foal has become accustomed to eating grain before weaning time, wean- 
ing will cause little, if any, setback. To wean the foal it should be 
separated from its dam and never be allowed with her again until they 
have forgotten each other. The grain ration of the mare should be 
reduced till she is dried off, and her udder partly milked out when 
necessary. 

The education of the colt should not be postponed until it is time 
to ‘ ‘ break him for work. The breaking process will be much easier 
and the colt will usually make a better-behaved horse if the training 
starts early. As a foal he should be taught to lead at the halter, stand 
tied in the stall, and display proper stable manners. 

776. After weaning. — Foals should be kept growing thriftily after 
weaning by providing them with ample feed which supplies plenty of 
protein and also sufficient vitamins and minerals, especially calcium and 
phosphorus. The nutrient requirements of foals, according to the Mor- 
rison feeding standards, are shown in Appendix Table III. It will be 
noted that rations having nutritive ratios no wider than 1 :6 to 1 :7 are 
advised for foals from weaning to 1 year of age, and no wider than 1 :7 
to 1 :8 for colts over 2 years of age. 

During the pasture season foals should have first class grazing. 
Alfalfa, red clover, or sweet clover pasture is excellent for them. For 
roughage during the winter, legume hay or mixed legume-and-grass hay 
is the best, but it should be of good quality and as free from mold and 
dust as possible. Where there is not an abundance of such hay on the 
farm, at least one feed of it should be provided daily. The rest of the 
roughage can then be hay from the grasses, well-cured com or sorghum 
fodder, or corn or sorghum silage. 

Several different concentrate mixtures have given good results for 
raising foals in trials at various stations.^® With good legume hay for 
roughage, excellent results will be secured from oats as the only con- 
centrate or from such mixtures as the following: (1) Equal parts by 
weight of oats, and either corn or barley; (2) a mixture of 3 or 4 parts 
oats by weight and 1 part wheat bran; (3) a mixture of 3 parts com 
and 1 part wheat bran; (4) a mixture of 2 parts com, 2 parts oats, and 
1 part wheat bran. 

When the roughage is chiefly grass hay or other forages low in 
protein, the ration should be balanced by feeding about 1 lb. per head 
daily of a protein supplement, such as linseed meal, soybeans, soybean 
oil meal, gluten feed, gluten meal, peanut oil meal, or cottonseed meal. 
For example, satisfactory mixtures for use with such roughage are: 
(1) A mixture of 3 parts oats by weight, 3 parts corn, 3 parts bran, 
and 1 part linseed meal or other protein-rich supplement; (2) a mixture 
of 3 parts corn, 3 parts bran, and 1 part protein-rich supplement. 

Many expert horsemen believe that foals develop better quality of 
bone when the concentrate mixture is made up largely of oats instead 
of com, but com is satisfactory, providing care is taken to supply plenty 
of protein and minerals in the ration, preferably by feeding legume 
hay.^^ 

Trials at the Illinois Station show that for foals during the ^flrst 
and later winters, unthreshed sheaf oats, fed uncut, are excellent as part 
of the ration, along with a limited amount of concentrates and some 
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legume hay.^* Sheaf oats provide both grain and roughage, and the 
expense of threshing is saved. 

Though most farmers do not break draft colts to work until they 
are about 3 years old or more, others break well-grown colts when 2 
years old and use them for limited work. By following this method, the 
cost of raising them can be reduced materially. Male colts intended 
for work animals should be castrated between one and two years of age. 

777. Raising an orphan foal. — If the mare dies, the foal may, 
with proper care, be raised on cow’s milk. As mare’s milk contains 
much less fat but more sugar than cow’s milk, the milk should be 
modified for a very young foal. Choose milk from a cow in the first 
part of the lactation period and one giving milk low in fat, if possible. 
Put 4 tablespoonfuls of lime water and 2 teaspoonfuls of ordinary cane 
sugar in a pint jar and then fill it with fresh milk. Feed about one- 
fourth pint about every hour for the first day or so, warming the milk 
to 100® F. and using an ordinary nursing bottle with a large nipple. 
This must be carefully cleansed and sterilized. 

If the foal is doing well, the amount of milk may be gradually 
increased and the period between feedings lengthened, until the foal 
is fed only 4 times a day. After a few days unmodified whole milk may 
be substituted and the foal taught to drink from a pail. In 5 to 6 
weeks sweet skimmilk may gradually replace the whole milk and after 
3 months the foal may be given all it will drink 3 times a day. As 
soon as possible, the foal should be fed solid food, such as crushed or 
ground oats, bran, a little linseed meal, and legume hay, and it should 
have the run of a paddock where there is good grazing. 

778. Amount of feed required to raise colts. — The amount of feed 
required to raise a colt will vary widely, depending on the size it reaches. 
This is governed by heredity and by the liberality with which it is fed 
while growing. It is important that well-bred draft foals be given 
sufficient feed so they will develop into draft horses of good size, for 
this is the kind that can do the greatest amount of work and that 
commands the best prices on the market. 

The amount of grain and other concentrates required will depend 
to a considerable extent on the quality of roughage fed during the win- 
ter and the kind of pasture available during the growing season. When 
colts have plenty of good legume hay or mixed hay in winter and 
excellent pasturage in summer, the amount of concentrates can be 
reduced considerably without interfering materially with their growth. 
It is, however, especially important that they be fed sufScient concen- 
trates during the first year to keep them growing well. 

In the trials mentioned previously, in which well-bred draft foals 
have been fed at several experiment stations so as to grow into heavy 
draft horses, the foals received during the first winter a total of 13.5 
to 20 lbs. or more of concentrates and hay or other dry roughage a day 
and gained 1.3 to 1.8 lbs. per head daily.^^ The daily concentrate 
allowance ranged from 5 to 11 lbs. or even more, and the consumption 
of hay or other roughage from 12 lbs. to 6 lbs. or less, the foals which 
were heavily fed on concentrates, of course, eating a smaller amount of 
hay. Foals of smaller size or those less well fed would naturally have 
consumed much less feed. 
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The second summer, the amount of concentrates needed will vary 
widely, depending on the amount and kind of pasturage. In these trials 
the foals received 3 to 6 lbs. or more of concentrates per head daily, 
with hay or other roughage when the pasture was short, and they gained 
1.1 to 1.6 lbs. per head daily. 

The second winter, the colts ate 22 to 27 lbs. total dry feed per 
head daily, consisting of 6 to 12 lbs. concentrates and 17 to 13 lbs. hay* 
or other dry roughage, and gained 0.7 to 1.3 lbs. per head daily. 

The third summer, no grain is needed if the pasture is excellent, 
unless it is desired to force the colts to make maximum growth. With 
reasonably good pasture, not over 4 to 5 lbs. of concentrates per head 
daily should be required in any event. The third winter, the total 
amount of feed will be about the same as the second, but the colts will 
take somewhat more roughage, eating as much as 20 lbs. a day, with 5.5 
to 11 lbs. concentrates. 

779. Raising colts on limited amount of grain. — Liberal amounts 
of grain are necessary if colts are to reach maximum size as 3-year-olds. 
Therefore it usually pays to feed them well if they are to be sold at this 
age. However, except when grain is unusually low in price, colts can 
be raised more cheaply when the amount of gram is decidedly limited. 
In an experiment at the Michigan Station one group of draft colts 
(Lot I) was raised from weaning to 3 years of age on a very liberal 
amount of grain with what hay they would eat and good pasture in 
summer.^^ Lot II was raised on 55 per cent as much grain and 81 per 
cent as much hay as Lot I, but the colts in this lot were allowed all the 
oat straw they would eat. Those in Lot I were also offered straw, but 
they consumed practically none. Lot III was fed only one-third as much 
grain as Lot I, with straw in abundance and a limited amount of hay. 

At slightly less than 3 years of age the colts in Lot I averaged 
1,574 lbs. in weight and 63.8 inches in height. They had received from 
weaning time to that age an average of 7,360 lbs. of concentrates (nearly 
all oats and ear corn, with a little linseed meal and wheat bran), 7,960 
lbs. hay, and 240 lbs. straw, in addition to pasture. (The weight of ear 
com has been reduced to the shelled-corn equivalent). Lot II averaged 
1,479 lbs. in weight and 63.6 inches in height, and had received 4,226 
lbs. of concentrates, 6,460 lbs. hay, and 3,400 lbs. straw, plus pasture 
during the summers. Lot III averaged 1,347 lbs. in weight and 63.0 
inches in height, and had received only 2,380 lbs. concentrates and 6,400 
lbs. hay, with 3,720 lbs. straw and pasture as in the case of the other lots. 

At the end of the experiment the colts in Lot I were very fat ; those 
in Lot II, in good thrifty condition; and those in Lot III, thin but 
showing good size. At five years of age, after all the colts had been put 
to work and had been fed similarly, there would undoubtedly have been 
much less difference than this in their weights, for the colts in Lots II 
and III would have continued to grow more than those which had previ- 
ously been liberally fed. 

The average feed cost for the colts in the 3 lots to the end of the 
experiment was $118.05 for those in Lot I, $87.99 for those in Lot II, and 
$69.56 for those in Lot III. The colts in Lots I and II were sufficiently 
developed so that they could have been put to work as 2-year-olds. If 
this had been done, they would have paid for their feed after that time. 
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This would have reduced the average cost of feed to $78.45 for the colts 
in Lot I and $52,42 for those in Lot II. 

Percheron colts were raised on a limited amount of concentrates 
with good hay in winter and good pasture in summer at the Missouri 
Station, in comparison with others fed concentrates liberally.^ At 3 
years of age the limited-fed colts weighed 1,411 lbs., on the average and 
were 64.3 inches high at the withers. From birth they had eaten an 
average of 4,238 lbs. concentrates and 5,724 lbs. hay, plus pasture. The 
liberally-fed colts averaged 1,517 lbs. in weight and 64.5 inches in 
height. There was thus a difference of only 106 lbs. in weight between 
the colts in the two groups and practically no difference in height. To 
three years of age the liberally-fed colts had eaten an average of 7,638 
lbs. concentrates and 4,665 lbs. hay, on the average, plus pasture. 

The colts in both groups were put to work the spring they were 3 
years old and were then fed and handled alike. Those which had been 
raised on the limited ration continued to gain somewhat, while the others 
did not increase in weight. At five years of age the horses which had 
been raised on the limited amount of concentrates averaged only 8 lbs. 
less in weight than those in the other group. 

If plenty of good legume hay is available in winter and good pasture 
during the growing season, colts will make fair gains when fed no con- 
centrates after the first winter. However, they will not make as large 
horses as they would otherwise. In a Nebraska trial, colts averaging 
589 lbs. on January 1st of their first year, were fed 4 lbs. of grain per 
head daily the first winter and none thereafter, but had an abundance 
of alfalfa hay in winter and good alfalfa pasture in summer.^' They 
gained 678 lbs. on, the average during a period of three years, and then 
averaged 1,268 lbs. in weight. Another group fed prairie and sorghum 
hay during the winter, with native pasture during the summer, aver- 
aged only 1,158 lbs. in weight, though they were fed some grain during 
the second winter. 

780. Peed and care of the stallion — In the care of the stallion 
nothing that is so vital to his well-being is so commonly neglected as 
proper exercise. The best exercise is actual work, and there is no better 
advertisement of a stallion than letting him be seen at work. Even 
during the breeding season a half day’s work each day is beneficial. 
When real work is impossible, the stallion should be exercised daily by 
being turned into a roomy paddock, or should be exercised on the road 
for a mile, or preferably considerably more. Exercising a stallion daily 
by driving or leading him is a burdensome task, and less apt to be done 
regularly than turning him out into a suitable paddock. 

The ration of the stallion should consist of first-class, wholesome 
feeds, supplying ample protein, mineral matter, and vitamins for thrift 
and vigor. The choice of feeding stuffs will depend on the particular 
locality. Legume hay is excellent for the stallion, providing it is not 
dusty. Care must also be taken not to feed more of such palatable hay 
than the stallion actually needs. 

The nature of the concentrates should depend on the kind of hay 
that is fed. The following mixtures are well suited for use with timothy 
hay or other non-legume roughage: (1) Oats 4 parts by weight and 
wheat bran 1 part; (2) oats 4 parts, com 6 parts, and wheat bran 3 
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parts; (3) oats 4 parts, corn 4 parts, and linseed meal 1 part. For 
mature stallions oats can be used as the only concentrate, even when no 
legume hay is fed. 

If a considerable proportion of the roughage fed a stallion is legume 
hay, a mixture of grain alone is satisfactory, even for young stallions. 
It may, however, be desirable to include a little wheat bran in the mix- 
ture, merely for its laxative effect Even with legume hay as the only 
roughage, most horsemen prefer not to include more than one-half Corn 
in the grain mixture for stallions. 

No specific directions as to the total amount of feed required can 
be given, since this depends on the exercise the animal gets and whether 
he is a ^‘hard’’ or ‘^easy^’ keeper. A safe rule is to keep the stallion in 
good flesh, but not ‘‘hog fat,’^ for this will injure his breeding powers. 
Most horsemen advise that in the breeding season he be kept gaining 
just a bit, rather than be allowed to run down in flesh. 

It is important that the stallion be kept in vigorous, thrifty con- 
dition, so thht he may be more sure in getting foals. The stallion should 
have a roomy clean box stall, well lighted and well ventilated. As a horse 
likes companionship, it is well to have his stall near those of other 
horses. He should be regularly and thoroughly groomed, and frequent 
attention should be given his feet. 

The idea that drugs or stock tonics are necessary for stallions is 
nonsense. The most successful grooms secure their good results by good 
feed and intelligent care. It is important to conserve the energies of the 
stallion by regulation of the number of services. 

IV. Cost of Horse Labor; Cost of Raising Horses 

781. Cost of keeping farm horses^ — The most extensive recent 
information on the cost of keeping farm horses is furnished in studies 
made on 736 corn-belt farms in Indiana, Iowa, Michigan, and Missouri 
by the United States Department of Agriculture, in co-operation with 
the experiment stations in these states.^® The data covered the year 
1929, but the costs were also computed on the basis of prices prevailing 
in 1931-32. 

The table on page 474 summarizes the costs of horses on three 
of the classes of farms included in these studies. These are: (1) Farms 
on which the horses were worked in teams of no more than 3 animals 
and on which there was no tractor; (2) non-tractor farms on which 
the horses were wprked to some extent in big-team hitches of 4 or more 
animals; and (3) farms on which a general-purpose tractor was used 
for part of the work. 

It will be noted that the crop acreage was the largest for the big- 
team-hitch farms and smallest for the farms on which the horses were 
worked in ordinary teams. On these corn-belt farms the horses were 
worked for a somewhat smaller number of hours a year than would 
often be the case where the farming was more diversified. This rather 
small amount of work per year reduces the annual cost of keeping horses, 
but makes the cost per hour of horse labor higher than where the horses 
do more work a year. 

On these farms more than half of the grain fed was corn, and a 
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large proportion of the hay was legume hay or mixed legume-and- 
grass hay. On farms where the chief hay was legume, more use was 
generally made of straw and stover. On these farms the horses were on 
pasture more than half of the year, thus considerably reducing the cost 
of feed. (768) 


Average yearly cost of keeping horses on corn-belt farms 



Horses 
'worked in 
ordinary 
teams 

Big- team - 
hitch 
farms 

General - 
purpose - 
tractor 
farms 

Crop acreage per farm, acres 

Number of horses per farm 

137 

252 

196 

6 

11 

4 

Hours of work per horse 

691 

746 

704 

Feed per horse: 




Oats, lbs 

1,565 

1,682 

1,345 

Com, lbs 

1,730 

1,509 

1,633 

Other concentrates, lbs 

18 

2 " 

32 

Legume and mixed hay, lbs 

2,260 

2,360 

2,080 

.Non-legume hay, lbs 

1,060 

780 

1,540 

Straw and stover, lbs 

1,640 

2,240 

1,480 

Grass pasture, months 

4.4 

42 

4.8 

Com stalk and stubble field pasture. 




months 

1.7 

2.5 

1.7 

Costs at 1929 prices 




Feed 

$77.68 

$76.80 

$81.67 

Chore labor 

1523 

11.19 

17.65 

Bedding 

3.99 

4.02 

4.36 

Shoeing ; 

0.56 

0.09 

0.47 

Veterinary and medicine 

0.63 

0.71 

0.77 

Harness charge 

2.21 

1.48 

2.77 

Interest 

5.90 

6.88 

6.41 

Depreciation 

2.06 

0.16 

021 

Total gross cost 

$10826 

S10U3 

$114.31 

Credits 




Manure 

10.62 

9.37 

10.51 

Colts 

1.64 

3.85 

226 

Total credits 

$1226 

$13.22 

$12.77 

Net cost per year, 1929 prices 

Net cost per hour labor, 1929 prices 

$96.00 

$88.11 

$101.54, 

$ 0.14 

$ 0.12 

$ 0.14 

Net cost per year, 1931-32 prices 

$52.08 

$47.76 

$ 54.52 

Net cost per hour labor, 1931-32 prices 

0.08 

0.06 

0.08 


With costs based upon 1929 prices, the average total gross cost of 
keeping a horse on these farms ranged from $101.33 for the big-team- 
hitch farms to $114.31 for the general-purpose-tractor farms. Deduct- 
ing credits for the value of the manure produced and for colts raised on 
some of the farms, the annual net cost ranged from $88.11 per horse for 
the big-team-hitch farms to $101.54 for the , general-purpose-tractor 
farms. The net cost per hour of horse labor at 1929 prices ranged from 
12 cents to 14 cents for these types of farms. 

On account of the great decline in price levels between 1929 and 
1931-32, the costs were much less when computed at the prices during 
the latter period. At 1931-32 prices the cost per hour of horse labor was 
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only 6 cents per hour for the big-team-hitch farms and 8 cents for the 
other groups. 

The cost of horse labor on farms in various districts will vary 
widely, depending chiefly on the prices for feeds and on the number 
of hours the horses are worked each year. The various ways in which 
the cost can be reduced have been discussed in detail in Chapter XXI. 
(717) 

In studies conducted by the Missouri Station it was found that the 
feed cost per hour of actual work performed was 5.0 cents on the farms 
where mules were the chief work animals, 5.6 cents where geldings were 
mainly used, and 6.0 cents where most of the work animals were mares.^^ 
Though the cost of labor per hour may be slightly higher with mares, 
this does not mean that on many farms it is not profitable to keep high- 
grade mares as work animals and raise foals from them. 

782. Cost of raising horses. — The cost of raising horses will vary 
widely in different parts of the United States, depending chiefly on 
prices for feed, which is the largest item of expense. 

The average total cost of raising colts on farms to the age of 3 
years, according to estimates received from over 10,000 farmers in vari- 
ous sections of the United States by the Bureau of Statistics, United 
States Department of Agriculture, was $104.06, under conditions prior 
to the World War.^® If we deduct the value of the work done by the 
average colt before his third year, the net cost without giving any credit 
for the manure produced was $96.54, or 70.9 per cent of the estimated 
selling price, which was $136.17. The cost in different states varied 
from $69.50 for New Mexico and $71.59 for Wyoming, to $149.98 for 
Connecticut and $156.60 for Rhode Island. The average cost was dis- 
tributed as follows: 


Cost of raising colts to 3 years of age under pre-war conditions 



First year 
Dollars 

Second year 
Dollars 

Third year 
Dollars 

Total coat 
Dollars 

Service fee 

12.95 


• • • • 

12.95 

Time lost by brood mare 

10.06 



10.06 

Breaking to halter 

2.22 



2.22 

Care and shelter 

4.98 

5.^ 

’6.35 

16.69 

Cost of grain fed 

4.98 

7.14 

9.56 

21.68 

Cost of hay fed 

4.14 

6.61 

8.48 

19.23 

Cost of pasture 

2.56 

5.41 

621 

14.18 

Veterinary and miscellaneous 

. .... 


• • • « 

7.05 

$104.06 


The cost of raising heavy draft colts will be somewhat greater than 
shown in these estimates, because of the larger amount of feed needed. 
The cost of the feed consumed by such colts up to 3 years of age can be 
readily estimated at local prices, from the data presented previously. 
(778-779) To the feed cost must be added the other items of expense 
shown in the previous table. 

The method of estimating the total cost under local conditions is 
shown by the following averages for 66 colts (chiefly purebred and high- 
grade Percherons) raised at the New York (Cornell) Station from 1909 
to 1918.^® Up to weaning time these colts consumed the total of 180 
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lbs. grain and other concentrates on the average; from that time to 1 
year of age, 1,214 lbs. concentrates and 1,594 lbs. hay; during the sec- 
ond year 1,507 lbs. concentrates and 2,525 lbs. hay; and during the 
third year 1,898 lbs. concentrates and 2,790 lbs. hay; making a total of 
4,746 lbs. concentrates and 6,804 lbs. of hay eaten per head up to. 3 years 
of age. The average birth weight of the colts was 116 lbs. and their 
average weight when 3 years old was 1,270 lbs. 

The average cost of raising these colts to 3 years of age was as fol- 
lows: Feed, $123.64, with concentrates at $28 a ton and hay at $12 a 
ton (cost of concentrates, $67.18; hay, $41.46; pasture, $15.00); care 
and shelter, $20.00 ; service fee, $15.00 ; inconvenience, and time lost by 
mare, $10.00; mortality risk and insurance, $16.85; veterinary service 
and supplies, $2.00 ; total gross cost, $187.49. 

There should be deducted from this gross cost a credit for the value 
of the manure produced. This should amount to $25.00, if proper care 
is taken of the manure. Also, colts can readily earn their keep at two 
and a half years of age, and therefore half of the cost for the third year 
(or $29.15) can be deducted. This would reduce the net cost of a 3- 
year-old colt uflder these conditions to $133.34. 

QUESTIONS 

1. state some of the most important points in feeding work horses. About how 

great an amount of concentrates and roughages combined should be fed daily 

to work horses per 100 lbs. live weight? 

2. What sort of rations should be used for wintering idle farm horses? 

3. Discuss the fitting of draft horses for the market. 

4. State a satisfactory ration for a carriage or saddle horse. 

5. Discuss the feed and care of brood mares, (a) previous to foaling; (b) at 

foaling time. 

6. In what respects does mare’s milk differ from cow’s milk? 

7. Discuss the feed and care of foals, (a) before weaning; (b) at weaning time; 

(c) after weaning. 

8. Approximately how much total concentrates and how much roughage does it take 

to raise a draft colt to 3 years of age, (a) when it is fed a liberal amount of 

graih; (b) when only enough grain is fed to produce satisfactory growth? 

9. Discuss the feed and care of the stallion. 

10. Discuss the cost of keeping farm horses, stating the chief items of expense and 

their approximate size. What credits should be deducted from the gross cost? 

11. What was the approximate cost per hour of horse labor on corn-belt farms in 

1929; under conditions in 1931-32? 

12. What items must be considered in estimating the cost of raising horses? About 

how much did it cost to raise horses on farms in this country under conditions 

prior to the World War? 
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CHAPTER XXIV 

GENERAL PROBLEMS IN DAIRY HUSBANDRY 

I. Factors Determining the Efficiency of Dairy Cows 

783. Economy of dairy cows.^ — Among all the animals of the farm, 
-dairy cows of good productive capacity are unequalled as producers of 
human food. They convert the products of the fields, many of which are 
in large part inedible for man, into food for humans with greater effi- 
ciency than do any other class of farm animals. Even more important 
than this economic superiority, however, is the fact that the food which 
they produce is of inestimable value to us. It has been previously empha- 
sized that milk is in a class by itself as a food. (207, 616) Because of 
the efficiency with which she makes this unrivalled food, the dairy cow 
has well earned the title, ‘‘the foster mother of the human race,^' which 
was apparently first bestowed on her by W. D. Hoard of Wisconsin. It 
has been shown previously that good dairy cows yield in their milk, per 
sere of crops eaten, 711.8 therms of energy and 72.3 lbs. of digestible 
protein. This is over 5 times as much energy and nearly 4 times as 
much protein as is contained in the beef made by steers from the same 
amount of feed. (231, 236) The efficiency in the production of human 
food is still more striking in the case of cows of extremely high produc- 
tive capacity. 

In experiments at the Minnesota Station Haecker found that well- 
fed dairy cows of average size, producing about 1 lb. of fat daily, actu- 
ally yielded in their milk about 29 per cent of the digestible nutrients in 
their feed.^ They used approximately 47 per cent of their food for body 
maintenance and 24 per cent in the work of converting food nutrients 
into milk. 

Forbes and Voris found in metabolism trials at the Pennsylvania 
Institute of Animal Nutrition that Holstein cows, averaging 11,783 lbs. 
in yield of milk and 1,146 lbs. in live weight, returned in their milk 
21.0 per cent of the gross energy of the feed they ate during their lacta- 
tion periods, which averaged 313 days. For the entire calendar year, 
they transformed 18.7 per cent of the gross energy of their feed, includ- 
ing that which tfiey ate when dry, into energy in their milk.^ 

784. Dairy vs. beef type. — ^When in full flow of milk, a high-pro- 
ducing dairy cow is generally spare and shows an angular, wedge- 
shaped form, a roomy barrel, and a capacious udder. This conforma- 
tion is in strpng contrast to that of the low-set, blocky, beef animal, 
with its compact, rectangular form, and broad, well-fleshed back. Even 
^greater than the difference in external characteristics is the difference 
in structure of the udder of dairy and beef cows. In good dairy cows 
the udder is made up almost entirely of gland tissue, while in beef 
-cows there is but a small quantity of gland tissue, surrounded by a 
heavy layer of fat.® 
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These two types of cattle are the result of careful breeding with 
opposite objects in view. The beef animal has been developed to store 
in its carcass the largest possible amount of meat. On the other hand, 
for generations the dairy cow has been bred for the primary object of 
producing large yields of milk and butter fat. As a result, though a good 
dairy cow will put on flesh when she is dry, the impulse to milk pro- 
duction is so strong when she is in milk that even under liberal feeding 
she shows little or no tendency to fatten. Instead, she uses all the sur- 
plus feed above maintenance for the manufacture of milk. 

In view of the widely differing nature of milk and flesh production, 
it is not surprising that both cannot be developed to the highest degree 
in the same animal. As a rule, the most perfect beef cows are not eco- 
nomical milkers, and the best dairy cows are not satisfactory beef makers. 
In a trial at the Minnesota Station cows of the beef type required 47 per 
cent more feed per pound of butter fat produced than those of good 
dairy type.^ Shallow-bodied cows which are neither of the dairy type 
nor of the beef type are not generally economical producers, for they 
cannot consume enough feed to make a large yield of milk possible. 

786. High producers are economical producers. — Cows whieh pro- 
duce a large amount of milk and fat naturally must eat much more feed 
than those yielding less, just as hard-worked horses require more feed 
than those at light work. However, the yield of the high-producing cows 
is so much greater that it more than offsets the higher cost of their feed. 
They therefore under usual conditions produce milk and fat much more 
cheaply than do low-yielding cows. 

Practically all studies of production and feed costs in dairy herds 
show this fundamental fact — that high producers are usually economical 
producers. A good example is the table on page 480, compiled by 
McDowell of the Bureau of Dairy Industry, United States Department 
of Agriculture.® In this table the records of production, feed costs, and 
net returns over feed cost of the cows which completed records in the 
United States dairy herd-improvement associations during 1934 are 
grouped according to production of butter fat. 

The table shows that as the production of the cows became greater 
there was a steady increase in the cost of feed, the increase in the cost 
of concentrates being much greater than in the cost of roughage, includ- 
ing pasture. While the yearly cost of feed per head was only $38 for the 
cows averaging 2,650 lbs. of milk and 106 lbs. of fat, the feed cost was 
$123 per cow for the small group averaging 21,432 lbs. of milk and 
874 lbs. of fat. However, the value of the product increased much more 
rapidly as the yield rose than did the cost of feed. 

The most important fact presented by the table is that the return 
over feed cost steadily became greater as the yield of milk and fat in- 
creased. This was true even at the extremely high levels of production 
Thus, for the group of cows averaging 7,573 lbs. milk and 300 lbs. fat, 
the value of product was $135 per head ; the feed cost, $59 ; and the net 
return, $76. The feed cost for the highest-producing group averaged 
$123, or about twice as much as for the former group. However, the 
average value of their product was $442, and the net return per head 
over feed cost was $319, or more than four times as much as for the 
cows that yielded 300 lbs. of fat a year. 
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Yearly production and returns from cows in dairy herd-improvement 

associations* 


No. of 
cows 

Average 
yield of 
milk 

Average 
yield of 
fat 

Value of 
product 

Cost of 
roughage 
including 
pasture 

Cost of 
concen- 
trates 

Total 
cost of 
feed 

Return 
over feed 
cost 

Return 
for |1 
spent 
for feed 

Feed cost 
of 100 
lbs. milk 


Lbs. 

Lbs. 

Dollars. 

Dollars 

Dollars 

Dollars 

Dollars 

Dollars 

Dollars 

1,383 

2,650 

106 

60 

26 

12 

38 

12 

132 

1.43 

5,485 

3,981 

155 

71 

28 

15 

43 

28 

1.65 

1.08 

16,151 

5,233 

I 203 

92 

30 

19 

49 

43 

1.88 

.94 

29,642 

6,425 

251 

114 

32 

22 

54 

60 

2.11 

.84 

36,721 

7,673 

300 

135 

33 

26 

59 

76 

2.29 

.78 

31,655 

8,666 

348 

167 

34 

30 

64 

93 

2.45 

.74 

20,067 

9,739 

397 

177 

35 

33 

68 

109 

2.60 

.70 

10,440 

10,906 

446 

202 

36 

37 

73 

129 

2.77 

.67 

4,582 

12,111 

496 

225 

37 

41 

78 

147 

238 

.64 

1,736 

13,379 

545 

250 

40 

45 

85 

165 

2.94 

.64 

781 

14,749 

596 

268 

41 

48 

89 

179 

3.01 

.60 . 

259 , 

16,343 

646 

296 

43 

53 

96 

200 

3.08 

.59 

97 

18,062 

696 

350 

49 

58 

107 

243 

337 

.59 

47 

19,078 

CO 

• 

365 

51 

57 

108 

257 

3.38 

.57 

26 

19,859 

796 

387 

47 

65 

112 

275 

3.46 

36 

14 

21,432 

874 

442 

49 

74 

123 

319 

3.60 

.57 

Average 

7,904 

316 

143 

33 

27 

60 

83 

2.38 

.76 


*The two lowest -producing groups of cows are omitted from this table, as most of the records 
probably do not represent full lactation periods. Also, the California records are not included in 
the tabulation, because data on value of product and cost of feed were not reported. Including the 
California records, the average production per cow for 1934 of all cows in the associations was 8,015 
lbs. of milk containing 322 lbs. of butter fat. 


This table effectively controverts the statement, sometimes made, 
that greater net returns are secured from moderate rates of production 
than from the high levels of production reached by excellent cows fed in 
accordance with their nutrient requirements. 

786. Why cows differ in efiBciency of production. — Individual cows 
differ widely in the efficiency with which they convert their feed into 
milk, and therefore in the cost of feed per 100 lbs. of milk produced.® 
While there may be differences in efficiency between cows that yield the 
same amounts of milk and fat, the chief difference is between low pro- 
ducers and high producers. On account of the importance of the prob- 
lem, investigations were conducted at the Missouri Station to determine 
just why high-producing cows are more efficient than low producers in 
converting feed into milk.’' 

It was found in these studies that high-producing cows require as 
much feed for maintenance as do low producers. Also, there is probably 
little difference in the efficiency with which they digest their feed, pro- 
viding they are healthy. Neither do high producers and low producers 
differ materially in the amount of milk or fat they are able to produce 
from each 100 lbs. of feed they eat beyond the amounts they need merely 
to maintain their bodies. 

" The reasons for the efficiency of the high producers are these: They 
have great inherited capacities for milk production and strong constitu- 
tions as well. On account of this inherited stimulus to high production, 
they secrete an abundance of milk. Due to the great amount of nutrients 
they put into their milk, they have keen appetites and if liberally fed, 
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will eat much more feed than the low producers. They therefore have 
available for the actual production of milk a decidedly greater propor- 
tion of the total feed they consume, and hence produce milk at a much 
lower cost per 100 lbs. 

787. Feed good cows liberally, but not poor cows. — Unless cows of 
high productive capacity are fed with sufficient liberality to provide 
them with the nutrients they need for the production of a large amount 
of milk and fat, their yield will soon decline to the level permitted by 
the supply of nutrients they receive. Many cows which are potentially 
large producers and efficient producers are thus forced into the ineffi- 
cient and unprofitable class, because their owners do not appreciate these 
basic facts of nutrition. 

It has been shown in Chapter IV that farm animals digest and 
utilize their food somewhat more completely when given a scanty ration 
than when fed liberally. (113) It might be concluded from this that it 
would be most profitable to feed good cows rather meagerly, so that they 
would digest their feed with maximum efficiency. However, as has been 
there explained, other factors generally much more than offset the in- 
creased digestibility and percentage utilization of a scanty ration. 

It has been stated previously in this chapter that a well-fed dairy 
cow producing about 1 lb. of butter fat a day requires 47 per cent of the 
feed she eats for the maintenance of her body. (783) She therefore has 
available for milk production only about one-half of her feed. If such a 
cow is fed only two-thirds as much feed, she will digest the scanty ration 
a trifle better, but she will still need nearly as much feed as before to 
maintain her body. As a result of the scanty feeding, she will probably 
have available for milk production only 30 per cent or less of the total 
feed she eats. This great reduction in the amount of feed that is left 
after her maintenance requirements have been met, will much more than 
offset the slightly greater digestibility of the limited ration. Also, as 
has been pointed out in Chapter lY, the overhead expenses in 
stock feeding are greater when an animal is producing at a low rate. 

It is just as unwise to overfeed a poor cow as it is to be stingy with 
a good producer. A cow lacking in productive capacity that is fed a 
liberal ration cannot increase her milk production beyond her inherited 
capacity. All she can do is to store the excess nutrients in the form of 
body fat, instead of turning them into milk. The best plan is to get rid 
of such a cow, for she will not pay for her keep. If she is retained, it is 
important that she be fed according to her actual production of milk, 
instead of being given as much grain as the efficient animals in the herd. 

Except when grain and other concentrates are very expensive in 
comparison with hay, pasture, and other roughage, cows of large pro- 
ductive capacity produce the greatest net income over cost of feed and 
also the largest profit, when they are fed concentrates with sufficient 
liberality to meet the recommendations of modern feeding standards. 
The amount of concentrates to feed dairy cows is considered in detail 
later in this chapter. (804-807) 

788. Purebreds vs. grades. — ‘‘Do purebred dairy cows produce 
more milk and fat than good grade cows with the same feed and care ? ’ ’ 
is a question often discussed by dairymen. Analyzing the data secured 
in United States dairy herd-improvement associations, McDowell found 
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that in 1931 the average production for 63,739 registered purebred dairy- 
cows was 8,443 lbs. of milk and 325 lbs. of fat, while the average for 
107,309 grade cows was 7,623 lbs. of milk and 298 lbs. of fat.® The pure- 
bred cows therefore produced, on the average, 820 lbs. more milk and 
27 lbs. more fat a year. The average cost of feed for the purebreds was 
$83, and for the grades only $67, but the production of the purebreds 
was so much larger that the average net income over cost of feed was 
$20 more per cow for the purebreds. The purebreds therefore decidedly 
surpassed the grades in dairy capacity; that is, in ability to consume a 
large amount of feed and convert it economically into milk. 

It is possible by the use of excellent purebred sires in a grade herd 
for many years, combined with careful culling, to develop a herd that 
probably cannot be distinguished in appearance or production from a 
herd of purebreds. However, it must be borne in mind that the merits 
of high grades are due to their purebred ancestors, and not to the trace 
of scrub blood they still possess. 

789. Weed out low-producing, unprofitable cows. — Although the 
average production of the dairy cows in the United States has been in- 
creased considerably as better feeding and breeding practices have been 
adopted by dairymen, the production is still relatively low. In 1934 it 
was only 4,030 lbs. of milk and 158 lbs. of fat per cow (not including 
milk sucked by calves and that which was wasted).® Even with average 
prices for dairy products, probably one-fourth or more of the dairy cows 
fail to pay for their feed and care. When dairy prices are low, the 
condition is even more serious. 

The chief reason why such a condition is found now, when the prin- 
ciples of successful selection, feeding, and care of dairy cattle have long 
been known, is that the owners do not know which of their cows fail to 
yield enough milk to pay for their feed and care. They do not realize 
that though the gross income from their herd would be reduced by weed- 
ing out the ‘‘boarders,^’ their profits would be decidedly increased. 

On comparing the results from the highest-producing cows and the 
lowest-producing cows in the dairy herd-improvement association herds 
in this country, McDowell found that the highest-producing cow in each 
herd returned more net profit, on the average, than the 7 lowest pro- 
ducers.^® Yet, the low producers in such herds are much better cows than 
the low-yielding cows in average herds. When there is a surplus of dairy 
products on the market, which demoralizes prices, it is important to 
realize that these 7 lowest producers placed 4 times as much milk and 
fat on the market as the single high producer. As McDowell concludes, 
‘‘Here again we have an example of low-producing cows flooding the 
market with milk produced at a loss.^’ 

Even experts are often unable to tell from the appearance of a cow 
whether or not she will be a profitable producer. The only reliable way 
of finding this out is from records of the actual amount of milk and fat 
she yields. Fortunately, such records may be easily secured by the use 
of the milk scales and the Babcock fat test. Knowing the production of 
each cow and the approximate amount of feed she has consumed in a 
given period, the dairyman can discard the unprofitable animals, and 
gradually build up a herd of high producers at small expense by using a 
bred-for-production sire and saving the heifer calves from the best cows. 



The Cow-tester Finds the ^'Boarder'' Cow 
M ost dairy herds contain some cows that are not paying for their keep. The 
tester in a cow tesling a.ssociation soon discovers these robbers. 





The Dairy Cow Before the Jury 
E ven a skilled judge often makes mistakes in predicting the production of a cow 
from her appearance alone. However, this jury — the milk scales, the Babcock test, 
the milk record, and the feed book — never err in determining her actual profitable- 
ness. (From Wisconsin Station.) 




A Scrub Cow Used in the Iowa Experiments 
'Fhe average annual production of this scrub cow was only 3,312 lbs. of milk and 
178 lbs. of butter fat. (From Iowa Station.) 



Half-blood Holstein from Scrub Cow and Pure-bred Bull 
T his cow, a daughter of the scrub above, averaged 6,385 lbs. milk and 305 lbs. fat 
a year, a remarkable increase over the yield of her scrub dam. (From Iowa Station.) 



Grand-daughter of Original Scrub 
This heifer, out of the half-blood Holstein cow and a pure-bred Holstein bull, not 
only shows marked dairy conformation and temperament, but also the characteristic 
color markings of the breed. (From Iowa Station.) 
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By this means the average yield of fat for the herd can be gradually 
increased year by year, until it is raised to 300 lbs., later to 350 lbs., and 
then even higher. As good cows sometimes have ‘"off years’’ in produc- 
tion, animals should not be discarded after a single year’s trial, if there 
is good reason to believe they will do better in the future. It has been 
found, however, that usually the production of a cow for one lactation 
period under normal conditions is an excellent index to what her pro- 
duction will be in following years.^^ 

790. Keeping records of production. — The most accurate way of 
finding the value of each cow is to weigh and record each milking from 
every animal. This does not require much work, if a convenient spring 
balance and handy milk sheets for entry of the records are provided. 
Such daily individual records make possible the feeding of each cow 
with the greatest economy, enable the herdsman to detect sickness 
quickly by the decline in milk flow, and aid in judging the efficiency of 
the different milkers. Where the weight of each milking is recorded, it 
is sufficient to take a sample for fat testing one day each week, or else a 
sample once a month for one or preferably two consecutive days. 

Those who feel that they cannot spend the time necessary to weigh 
each milking can obtain reasonably accurate records by weighing and 
sampling the milk regularly for one day each month. This is the method 
followed in the dairy herd -improvement associations (cow testing asso- 
ciations) and the dairy record clubs in this country. ' 

Dairymen who have these organized testing services available to 
them will usually find that membership in one of these organizations is 
the best way of securing information on the production of each of their 
cows. This service is relatively inexpensive, and the advice furnished 
concerning the feeding and management of the herd is of much value. 

Tests covering only a week or even a month of the year are far less 
reliable than tests covering the entire year, for cows differ widely in per- 
sistence of milk yield. A cow which gives a good flow of milk for a time 
but goes dry relatively soon may be much less profitable than a persistent 
milker that never yields as much fat in any one week as does the first 
cow. 

Also, if a short-time test is made early in the lactation period, par- 
ticularly in the case of a cow which has been fattened before freshening, 
the fat test of the milk in such a test may be much higher than for the 
rest of the year. (829) For these reasons none of the dairy cattle breed 
associations in this country now sponsor brief tests. 

791. Cow testing associations and dairy record clubs. — In all the 
countries where cow testing associations have been extensively developed, 
they have caused great improvement in the dairy industry. In the United 
States the number of cows under test in cow testing associations, or 
dairy herd-improvement associations, as they are called in this coimtry, 
increased steadily during recent years, until 510,714 were under test in 
1930. A decline then occurred, due to the economic conditions. 

The average production of association cows in 1934 was 8,015 lbs. of 
milk and 322 lbs. of fat, in comparison with the average of only 4,030 lbs. 
of milk and 158 lbs. of fat for all cows in the country. The great oppor- 
tunity for further improvement in dairy efficiency is shown by this dif- 
ference in average production, and by the further fact that less than 1.5 
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per cent of the dairy cows in the United States were under test in asso- 
ciations in 1935. 

The improvement wrought by these associations in Denmark, where 
they were first developed, is truly remarkable. In this small country 
more cows were under test in these associations during 1930 than in the 
whole United States, about 48 per cent of all the cows in that country 
being in the ‘‘control societies, or testing associations. Largely due to 
the work of the associations, the average yield of all the cows in Denmark 
increased from 3,530 lbs. of milk and 111 lbs. of fat in 1881 to 7,300 lbs. 
of milk and 272 lbs. of fat in 1930.^^ 

In dairy herd-improvement associations in the United States a 
trained tester is employed who spends one day every month with each 
of the herds in the association. Arriving on the farm in the afternoon, 
he weighs and samples the milk from each cow at milking time and also 
weighs the feed. The following morning this is repeated, after which the 
samples of milk are tested for butter fat. From this day’s record he com- 
putes the milk and fat production and the cost of feed for each cow for 
the current month* While such records are not as exact as if every milk- 
ing were weighed, careful studies have shown the results to be within 
3 per cent of the actual production of the cow. The tester also studies 
the local feed market and aids the dairyman in working out economical 
rations. 

In the dairy record clubs, or “mail-order” type of cow testing, 
which have been developed more recently in this country, the dairyman 
weighs and samples carefully the milk from every cow for one day each 
month and then mails the samples and the record of weights to a central 
testing laboratory, usually conducted by the state college of agriculture. 
Here the samples are tested, the amount of fat is computed, and the 
records mailed back to the dairyman. The dairy-record-club plan is espe- 
cially convenient for farmers who have only a few cows or who live in 
localities where no dairy herd-improvement association is available. Since 
less service is rendered in this type of testing, the cost can be very low. 

792. Advanced registry of dairy cows. — The advanced registries, 
or registers of merit, conducted by the various breed associations, have 
been exceedingly important in the development of dairy cattle breeding 
in this country. A cow is entitled to advanced registry only when her 
yield in a test supervised by the state experiment station has reached a 
standard set by the breed association. These records increase the money 
value, not only of the given cow, but also of her relatives, for progressive 
breeders in buying animals now rely more and more on records of pro- 
duction instead of merely show-ring successes. 

The herd-test type of official testing is conducted in a dairy herd- 
improvement association, with certain additional requirements and with 
supervision by the state experiment station. The feeding and care of 
cows on advanced registry test are discussed in Chapter XXVII. 

793. Building a profitable herd. — The farmer who has a herd of 
low-producing, unprofitable cows cannot hope for any real success in 
dairying until he has secured a herd of good producers. He should 
therefore at once take steps to accomplish this result. Even if he starts 
with scrub or with beef-type cows he can in 5 to 6 years make consider- 
able improvement in his herd by using a carefully selected, purebred 
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dairy bull, with a bred-for-production pedigree. However, it is usually 
best to make more rapid progress by selling the poorest producers in the 
herd, replacing them with a few high-producing grade or even purebred 
cows of the breed desired. If a good purebred dairy bull is then always 
used in the herd, and the lowest yielders are culled out each year, in a 
relatively short time he should have a herd of efficient producers. 

The striking improvement which is made in one to three generations 
by using good purebred dairy bulls on scrub cows or on beef-type cows 
is shown in experiments by the Iowa, Minnesota, Oklahoma, and South 
Dakota Stations and the Canadian Department of Agriculture.^^ In the 
Iowa experiment scrub mature cows, heifers, and a bull were purchased 
in a district where no purebred bulls had ever been used and where 
no attention had been paid to the proper feeding of dairy cattle. These 
animals and their progeny were brought to the Station farm and fed 
and cared for the same as the animals in the purebred dairy herd. 

The average yearly production of the original scrub cows with 
good feed and care at the Station was only 4,110 lbs. of milk, containing 
192 lbs. fat. The daughters of these scrubs, sired by purebred bulls, 
averaged 5,815 lbs. of milk and 267 lbs. of fat, an increase of 41 per 
cent in milk yield and 39 per cent in yield of fat. The grand-daughters 
of the scrub cows, carrying three-fourths of dairy blood, averaged 8,056 
lbs. milk and 363 lbs. of fat, an increase of 96 per cent in yield of milk 
and 89 per cent in yield of fat over the scrubs. The much greater pro- 
duction of the grades was due not only to a larger yield when in milk 
but also to the fact that they were much more persistent milkers than 
the scrubs, whose lactation periods were short. 

Even more important than the greater yield of milk is the fact that 
the cost of feed for 100 lbs. milk was 13 per cent less for the three- 
quarter bloods, even though they were only heifers, than for their scrub 
grand-dams. Not only was the production rapidly improved by grading 
up, but also just as striking improvements were made in the conforma- 
tion of the animals, especially in their udders. The grades, especially 
of the second cross, were stamped plainly with the breed characteristics 
of the purebred sires. 

Scrub heifers were also raised at the station out of the scrub cows 
and the scrub bull. They produced 10 per cent more milk and 13 per 
cent more fat a year than their scrub dams. This small increase, which 
is strikingly inferior to that produced by the use of purebred sires, is 
due to the fact that the heifers were so fed and cared for as to develop 
fully what little tendency they did have for milk production. Scrubs 
which came to the station as heifers produced on the average 27 per 
cent more milk than cows that were mature when they first received 
good feed and care. The scrubs which were 4 years old when purchased 
showed less response to good feeding than did the heifers. These facts 
emphasize the necessity of feeding heifers so that they will develop 
properly. 

In these trials the offspring from one of the purebred sires used on 
the scrub cows fell much below the others in productivity. This illus- 
trates the well-known fact that to build up a herd a sire must not 
only be a purebred but also must be prepotent in transmitting 
high production. 
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II, Nutrient Requirements of Dairy Cows 

794. Nutrients required by dairy cows. — It has been shown in 
Chapter VIII that the nutrient requirements of animals producing a 
large amount of milk differ greatly from the requirements of animals 
being fattened or of those doing muscular work. (236-240) 

For efficient milk production it is essential that dairy cows re- 
ceive; (1) A liberal amount of total digestible nutrients or net energy; 
(2) a relatively large amount of protein of the proper quality; (3) at 
least a certain minimum amount of fat; (4) sufficient phosphorus, cal- 
cium, common salt, and other essential minerals; and (5) an ample 
supply of vitamins A and D. These requirements are discussed in the 
paragraphs that follow. 

The amounts of nutrients required by any particular milk cow will 
depend, first of all, on her size, since the maintenance requirements are 
proportional to body size. (124) Her requirements will also depend on 
the amount of milk she is producing, and on its richness in fat. If she 
is a heifer, she will need additional nutrients for the growth of her body. 
When she is pregnant, there will be a still further need of nutrients for 
the development of the fetus. (217) This latter requirement will be 
insignificant in amount during the first part of the gestation period, and 
will not be large even during the latter part. 

In order to keep the recommendations in feeding standards rela- 
tively simple, they are usually based merely on (1) the size of cows and 
(2) on the amounts and the richness in fat of the milk they are pro- 
ducing. It must therefore be understood that during the last half of the 
gestation period, and also for heifers, the feed supply should be a little 
more liberal than is called for by the recommendations in the standards. 

796. Feeding standards vs. actual requirements. — In the following 
discussions concerning the nutrient requirements of dairy cows and the 
recommendations made in various feeding standards, the purpose and 
nature of feeding standards must be borne clearly in mind. Feeding 
standards are intended as practical, convenient guides for the proper 
feeding of the various classes of stock. They are not intended as state- 
ments of the theoretical minimum requirements of nutrients. 

It has been shown previously that when animals are fed a liberal 
ration, they digest a slightly smaller percentage of tlie food nutrients 
than when they receive a scanty ration. (113) Practically all the experi- 
ments to determine the digestibility of various feeds have been con- 
ducted, not with amply-fed dairy cows, but with steers or wethers fed 
rather limited rations. This plan has been followed because it is essen- 
tial in digestion trials that the animals eat all the feed that is offered 
them, without leaving any waste whatsoever. 

Tables giving the digestible nutrients in various feeds, such as 
Appendix Table I of this volume, must consequently be computed from 
these digestion coefficients, since they are the only ones available. It 
must therefore be borne in mind that liberally-fed dairy cows will really 
secure from the feeds they eat slightly smaller amounts of nutrients than 
are shown in Appendix Table I. This fact is, however, fully taken into 
consideration in the recommendations made in the Morrison feeding 
standards for the feeding of dairy cows. This has been done by placing 
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the advised amounts of nutrients slightly above the theoretical require- 
ments, to cover the decrease in digestibility when liberal rations are fed. 

In certain recent feeding standards for dairy cows no such correc- 
tion factor has apparently been applied. As a result, dairy cows will 
be under-fed, if rations are computed according to these standards and 
using the available figures for the digestible nutrients in various feeds. 

796. Requirements for maintenance and pregnancy. — The most 
extensive investigations on the maintenance requirements of dairy cows 
are those conducted by Hills and associates at the Vermont Station over 
a period of 14 years with a total of 81 cows.^^ In these experiments 
certain cows that were dry and non-pregnant were fed rations just suf- 
ficient to maintain their body weights for periods of more than a year. 
So that a complete record could be secured of all the feed consumed, 
these cows were not turned to pasture. Other studies were conducted 
with dry cows that were pregnant, and still others were with cows 
handled under usual herd conditions and calving at normal intervals. 

From these extensive investigations Hills concluded that dry, non- 
pregnant, mature cows weighing 1,000 lbs. could be maintained satis- 
factorily on 0.6 lb. of digestible protein and 6.48 lbs. of total digestible 
nutrients (or 6.0 therms of net energy) per head daily. 

He concluded, furthermore, that during the first two-thirds of the 
gestation period the need of additional nutrients was so small that it 
was unnecessary to provide an additional supply beyond the combined 
need for maintenance and milk production. He recommended that dur- 
ing the last third of gestation there should be added to the ration for the 
growth of the fetus about twice as great an amount of digestible nu- 
trients as is contained in the newborn calf, care being taken to see that 
this increment contains a sufficient amount of digestible protein. 

It is of interest to compare the conclusions of Hills with the amounts 
of nutrients recommended by others for the maintenance of dairy cows. 
His conclusions are the same as those reached previously by Armsby 
and by Eckles, both of whom recommended for the maintenance of the 
1,000-lb. cow 6.0 therms of net energy and 0.5 lb. digestible true protein 
per head daily. (This amount of digestible true protein is equivalent 
to 0.6 lb. digestible crude protein, which is called merely digestible 
protein in this volume.) 

From his investigations at the Minnesota Station, Haecker had 
earlier recommended somewhat greater amounts of protein and of total 
digestible nutrients, advising 0.7 lb. digestible protein and 7.925 lbs. 
total digestible nutrients daily per 1,000 lbs. live weight.^® 

Forbes and associates found in experiments at the Pennsylvania 
Institute of Animal Nutrition that when dry dairy cows were fasted 
for 3 to 9 days they excreted nitrogen equivalent to 0.6 lb. digestible 
protein daily per 1,000 lbs. live weight.^’' From experiments with dry 
cows in the respiration calorimeter, Forbes and Kriss concluded that 
5.97 lbs. of total digestible nutrients were required daily for the main- 
tenance of the 1,000-lb. cow.^® Converted to terms of total digestible 
nutrients, the recommendation of Mollgaard (which is expressed in 
terms of starch values) is practically the same as this, and the recom- 
mendation of Hansson (which is expressed in feed-units) is even lower. 

The recommendations made in the revised Morrison feeding stand- 
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ards for the » maintenance of dairy cows provide somewhat more total 
digestible nutrients than have been required in the investigations of Hills 
and Forbes. Cows in milk which are fed with the liberality necessary to 
produce a good yield of milk digest and utilize their feed somewhat less 
efficiently than do dry cows fed only enough to maintain their weights. 
Therefore their supply of feed for maintenance must probably be more 
liberal. 

In recent studies of the results secured in feeding experiments with 
dairy cows at various experiment stations, Brody and Procter concluded 
that a 1,000-lb. cow in milk requires about 8.2 lbs. of total digestible 
nutrients daily for maintenance, in addition to suitable allowances for 
milk production and for any gain in body weight.^®* In the Morrison 
standards an allowance of 7.93 lbs. of total digestible nutrients is recom- 
mended for the maintenance of a 1,000-lb. cow in the column entitled, 
^^For good cows under usual conditions, and a figure of 7.00 lbs. is 
given in the column entitled, ‘^Minimum allowance advised.^’ 

The amounts of nutrients recommended in these standards for the 
maintenance of cows of other live weights than 1,000 lbs. have been 
computed on the* basis that maintenance requirements are proportional, 
not to the live weight, but to the 0.87 power of the live weight. 

797. Requirements for milk production. — The amounts of nutri- 
ents a milk cow requires in addition to her maintenance needs will 
depend both upon the amount of milk she is producing and on its rich- 
ness in fat. It was recognized by the early agricultural scientists that 
the nutrient requirements of dairy cows depended on the amount of 
milk they yielded. However, Haecker of the Minnesota Station was 
apparently the first to appreciate that the nutrient requirements also 
depended on the richness of the milk. He recommended a greater 
amount of nutrients for the production of each pound of milk rich in 
fat than for each pound of milk lower in fat content.^® 

Milk that is rich in fat is also considerably higher in protein and 
usually is a trifie higher in sugar than milk which contains less fat. 
Therefore, a greater amount of total digestible nutrients and also more 
protein are required for the production of each pound of it than are 
needed to make milk lower in fat percentage. The rate of increase in 
protein for each increase of 1.0 per cent in fat content is fairly regular, 
the protein increasing about 0.42 per cent for each 1.0 per cent increase 
in fat. (821) It is, therefore, possible in a feeding standard to state 
accurately the amounts of total digestible nutrients and also of digestible 
protein required for the production of each pound of milk of various 
degrees of richness, by giving separate recommendations for milk con- 
taining the various percentages of fat. 

7M. Protein requirements for production. — ^Because it was known 
that milk was very rich in protein, it was perhaps natural that the early 
feeding standards should recommend for milk cows considerably more 
protein that has been shown by later investigations to be necessary. 
Thus,, the Wolff-Lehmann standards advised 3.5 lbs. digestible protein 
daily and a nutritive ratio of 1 :4.5 for cows yielding 27.5 lbs. of milk. 
Such a ration would furnish, in addition to the maintenance require- 
ment, nearly 3 times as much digestible protein as is contained in this 
amount (27.5 lbs.) of milk of average composition. 
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The first great advance in the knowledge concerning the protein 
requirements for milk production was made by Haecker, who conducted 
extensive investigations at the Minnesota Station over a period of several 
years.^® He recommended that there be provided, in addition to a main- 
tenance allowance of 0.7 lb. digestible protein daily per 1,000 lbs. live 
weight, definite amounts of digestible protein per pound of milk of the 
various fat percentages. These additional amounts of digestible protein 
were set at 1.75 times the estimated amount of protein contained in the 
milk. Later investigations have shown that milk of the different fat 
percentages contains somewhat more protein than was found in Haecker 
studies. For this reason, the amounts of digestible protein recommended 
by him were actually only about 1.5 times the amounts of protein con- 
tained in milk of average composition. 

Recently much more study has been given to the protein require- 
ments of dairy cows than to those of any other class of stock. Among 
the studies of especial interest are those at the New York (Cornell) 
Station, the Ohio Station,^^ the Vermont Station,^^ the Virginia Sta- 
tion,^^ the Wisconsin Station,^^ the Wyoming Station,^^ the Pennsyl- 
vania Institute of Animal Nutrition,^® and the Bureau of Dairy Industry 
of the United States Department of Agriculture.^® 

The results secured in these experiments are of much importance 
to dairymen, since protein supplements generally cost more than do the 
farm grains. It is therefore decidedly uneconomical under usual con- 
ditions to feed a greater amount of protein supplements than is actually 
needed. 

In such a volume as this, only the main conclusions reached in the 
investigations can be presented. These experiments have proved that 
fairly-good production can be secured when cows receive, in addition to 
the allowance of protein for maintenance, only about 1.25 times as much 
digestible protein as there is protein in the milk they produce. How- 
ever, cows of high productive capacity may yield somewhat more milk 
and fat when the protein allowance is greater than this, especially during 
the first part of the lactation period. When more digestible protein is 
supplied than about 1.60 times as much as is contained in the milk, in 
addition to the maintenance requirement, the production is not increased 
appreciably. 

In certain of the experiments cows of high productive capacity 
have yielded a surprising amount of milk when fed even less than 1.25 
times as much digestible protein, in addition to maintenance, as their 
milk contained. Thus, in Ohio experiments Holstein cows fed rations 
having a nutritive ratio of 1 :11 produced as high as 11,013 lbs. of 4 
per cent milk a year.^^ However, the yield was much less than from 
the same cows when fed rations containing an adequate supply of pro- 
tein. On the protein -poor ration the digestibility of the feed was also 
considerably decreased. Therefore it was necessary to feed very liberal 
amounts of concentrates to secure fair "production. The cows lost about 
200 lbs. in weight during milk production, but regained their original 
weight during the dry period. 

In the Ohio experiments other cows were fed rations extremely rich 
in protein, having a nutritive ratio of 1:2. There were no marked 
injurious effects from this great excess of protein, although there was a 
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tendency toward delayed breeding on this ration and a longer period 
than normal between calvings. 

The results of these recent investigations have been fully considered 
in drawing up the recommendations made in the revised Morrison feed- 
ing standards for dairy cows, which are presented in Appendix Table 
III. It will be noted that a range is given in the amounts of protein 
recommended. The amounts of digestible protein stated in the column 
headed ‘'Recommended for good cows under usual conditions'^ supply 
about 1.5 times as much digestible protein as there is in milk of the 
various fat percentages. In the column headed “Minimum allowance 
advised, ’’ amounts of digestible protein are stated which furnish only 
about 1.25 times as much digestible protein as there is in the milk. 

Reasonably satisfactory yields of milk can undoubtedly be secured 
from good cows that are fed only as much protein as provided by the 
lower figures. However, under usual conditions, the author believes it 
is the best plan to feed cows capable of producing 1 lb. or more of but- 
ter fat a day, according to the more liberal recommendations. If pro- 
tein-rich feeds are unusually expensive, it may be most economieal, even 
in the case of good cows, to supply no more than the lower amounts of 
protein shown in the standards. 

799. Investigations on protein requirements. — For those especially 
interested in the protein requirements of dairy cows, a brief summary 
is presented of the more important investigations on this subject, since 
the investigations conducted by Haecker. 

From studies at the New York (Cornell) Station, Savage concluded 
in 1912 that it was advisable to provide somewhat more protein than 
was recommended in the Haecker standards.^^ In the Savage standards, 
which are well known, allowances of digestible protein were recom- 
mended, in addition to 0,7 lb. digestible protein daily per 1,000 lbs. live 
weight for majintenance, which were about 1.80 times the amount of 
protein contained in milk of average composition. From recent investi- 
gations, which are summarized later. Savage has now concluded, how- 
ever, that cows do not require so much protein as this for satisfactory 
production.^® (801) 

From a study of the available data, the author decided in 1915 
that good milk production could undoubtedly be secured when cows 
were fed no more protein than was advised in the Haecker standards, 
but that the production might be slightly greater when the protein 
allowance was somewhat more liberal. Therefore in the Morrison stand- 
ards he included a range in the amounts of digestible protein advised, 
the lower figures being the amounts recommended by Haecker and the 
higher figures, those advised by Savage at that time.^® 

The recommendations in the Armsby standards, the Eckles stand- 
ards, the Mollgaard standards, and the Hansson standards, which are 
based on digestible true protein, must be converted into digestible crude 
protein (called digestible protein in this volume) to compare them with 
the standards previously discussed. When this is done and the amounts 
of protein recommended for maintenance are added to the amounts for 
milk production, it will be found that about the same amounts of protein 
were advised in the Armsby standards as in the Haecker standards.^® 
Somewhat greater amounts were recommended in the Hansson standards, 



GENERAL PROBLEMS IN DAIRY HUSBANDRY 491 

the Mollgaard standards, the Eckle^ standards and also in the standards 
presented by Ellett, Holdaway, and Harris of the Virginia Station.^® 

Hills and associates conducted extensive investigations on this 
problem at the Vermont Station continuously for a period of 13 years.^* 
In these experiments the cows, chiefly grade Jerseys, produced satis- 
factorily on rations having a nutritive ratio of 1 :8.5 and providing 1.26 
to 1.46 times as much digestible protein, in addition to maintenance, as 
the milk contained. The yield on such rations was nearly as high as 
when the protein supply was more liberal. However, these cows were 
not high producers, for they averaged 16 to 19 lbs. of milk and 0.78 to 
0.92 lb. fat daily during th^ lactation period. With such cows the 
production was not seriously decreased when rations still lower in pro- 
tein were fed, which supplied, in addition to the maintenance require- 
ments, no more digestible protein than was contained in the milk. 

It has been found in metabolism experiments that cows will remain 
in nitrogen balance (without losing protein from their bodies) when 
receiving a somewhat smaller amount of digestible protein than is called 
for by the Haecker standards.^^'^® Such studies indicate that a supply 
of protein is sufficient for ordinary production if it furnishes, in addition 
to maintenance needs, 1.25 times as much digestible protein as is con- 
tained in the milk. 

In certain of the investigations, the production of milk and fat has 
apparently been increased when a very liberal amount of protein was 
supplied. However, in the most extensive trials and in those which 
have covered the longest periods, there has usually been no very large 
increase in production when cows have received, in addition to the 
maintenance requirements, about 1.5 to 1.6 times as much digestible 
protein as their milk contained. 

The inadvisability of feeding dairy cows rations too low in protein 
is shown in recent investigations by the Bureau of Dairy Industry of 
the United States Department of Agriculture.^® Two cows were fed a 
ration having an abundance of total digestible nutrients, but supplying 
only 1.25 times as much digestible protein as was contained in the milk, 
in addition to an allowance of only 0.5 lb. digestible protein daily per 
1,000 lbs. live weight for maintenance. On this ration the cows produced 
22 to 50 per cent less milk and fat than on a ration containing a liberal 
amount of protein. (It should be noted that only 0.5 lb. digestible pro- 
tein daily per 1,000 lbs. live weight was allowed for maintenance in these 
tests, which is lower than the amount recommended in the revised Morri- 
son standards.) 

800. Importance of protein content of roughage. — The percentage 
of protein that is needed in the concentrate mixture, or so-called ‘‘grain 
mixture, ’ ’ to make a properly-balanced ration will depend on the protein 
content of the roughage fed. (866) When the only roughage is alfalfa 
hay, cowpea hay, or soybean hay (all of which are very rich in protein), 
the amount of protein supplied by the hay will be so large that there 
will be sufficient protein for a cow of ordinary productive capacity when 
merely corn grain or a mixture of corn and other grain is fed. 

Thus, 24 lbs. of average alfalfa hay and 12 lbs. of com (No. 2 
grade) will furnish 3.39 lbs. of digestible protein. This amount of pro- 
tein is sufficient for a 1,200-lb. cow producing daily 50 lbs. of milk con- 
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taining 3.5 per cent fat. For high-producing cows it may be wise to 
include wheat bran or some other protein-rich concentrate to make the 
mixture more palatable, even though the additional amount of protein 
is not actually needed. Also, such a ration may be too low in phos- 
phorus, unless the hay comes from soil well supplied with this mineral. 

The amount of protein supplied by the roughage will be somewhat 
less when red clover hay is fed than with alfalfa hay. For example, 
24 lbs. of average red clover hay and 12 lbs. of corn supply only 2.53 
lbs. digestible protein. This is less than a high-producing cow needs, 
and therefore it would be necessary to add a protein supplement to the 
ration. However, a ration of only good ojover hay and corn grain would 
provide sufficient protein for a cow producing not over 38 lbs. of 3.5 
per cent milk daily. 

When non-legume roughage, such as corn or sorghum silage, is 
fed along with legume hay, or when the hay is mixed legume-and-grass 
hay, considerably less protein will obviously be supplied by the roughage. 
The concentrate mixture must then be richer in protein than is needed 
when pure legume hay is the only roughage. However, less protein is 
needed inr the. concentrate mixture under such conditions than many 
dairymen believe essential. When only non-legume roughage is fed, the 
concentrate mixture must be rich in protein. 

It is shown in the following chapter that such a grain mixture as 
one-half ground com and one-half ground oats is satisfactory for cows 
yielding not over 1.25 lbs. butter fat a day, when the animals are full- 
fed good alfalfa hay and com silage for roughage. (865) For higher- 
producing cows and when the amount of alfalfa hay is limited, protein 
supplements should be added to the ration. 

Since young, actively-growing pasture plants are even richer than 
alfalfa hay in protein, on the dry basis, it is unnecessary to use a con- 
centrate mixture high in protein for cows on excellent pasture. This 
matter is discussed further in Chapter XXVI. 

There are given in Appendix Table VII many different concentrate 
mixtures which are well adapted for use with the various types of 
roughages. These example formulas will be helpful in deciding what 
kind of a mixture to feed under one’s local conditions. 

801. Requirement with mixed hay and corn silage. — In the north- 
ern states, especially in the Northeast, a very common roughage com- 
bination for dairy cows is mixed clover-and-timothy hay and com silage. 
Experiments have been recently conducted by Harrison, Savage, and 
Work at the New York (Cornell) Station to determine how much pro- 
tein is needed in a concentrate mixture for feeding with this combination 
of roughage.^® 

The hay used in these trials was early-cut mixed clover-and-timothy 
hay of good quality, containing 30 to 50 per cent clover. The cows in 
each lot were continuously fed the same ration throughout each trial, 
except in one of the experiments. In this one experiment the rations 
were reversed at the end of each 5-week period to determine the effect 
of changing abruptly from a ration low in protein to one high in protein, 
and vice versa. 

In 5 experiments the cows fed a concentrate mixture containing 
16 per cent total protein produced a daily average of 33.1 lbs. milk 
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(equated to a basis of 3.5 per cent fat), while those fed a concentrate 
mixture containing 20 per cent total protein produced 34.4 lbs. milk. 
After deducting 0.6 lb. digestible protein per head daily for mainte- 
nance, the former ration furnished 1.2 to 1.4 times as much digestible 
protein as was contained in the milk, and the latter ration about 1.6 
to 1.7 times as much. Though the average yield of milk was slightly 
greater on the 20-per-cent-protein mixture, the difference was too small 
to be statistically significant. 

During 3 years a concentrate mixture containing 24 per cent total 
protein was tested. No more milk or fat was produced on this high- 
protein mixture than on the mixture containing 20 per cent protein. 
When a low-protein concentrate mixture which contained only 12 per 
cent protein was fed, the production of milk was decidedly decreased 
in each of 2 experiments, the average decrease being 12 per cent. This 
showed that a 12-per-cent-protein concentrate mixture did not supply 
sufficient protein for feeding with good-quality mixed clover-and-timothy 
hay and com silage. After deducting 0.6 lb. digestible protein daily per 

1.000 lbs. live weight for maintenance, this ration did not supply quite 
as much digestible protein as was contained in the milk. During the 
height of milk production, the cows fed this ration therefore had to 
draw on their bodies for some of the protein they put in their milk. 
Also, it was found in digestion trials that on this low amount of feed- 
protein the digestibility of the ration was considerably decreased. 

In one experiment when the cows were changed abruptly from the 
16-per-cent protein mixture to the 24-per-cent protein mixture, there 
was no effect upon the yield of milk or on the health of the cows. The 
reverse change also had no effect. 

Experiments have also been conducted recently by the Ohio Station 
to determine the amount of protein needed in a concentrate mixture with 
good mixed legume-and-grass hay and corn silage.®® In 2 trials the 
yield of milk was 6 per cent greater on a concentrate mixture containing 

19.0 per cent total protein than on one containing 13.8 per cent. The 
ration higher in protein content supplied about as much protein as 
recommended in the Haecker standards. The other ration furnished, 
above maintenance requirements, about 1.25 times as much digestible 
protein as was contained in the milk. 

These recent investigations are of much importance to northeastern 
dairymen, for a large proportion of them had previously been feeding 
concentrate mixtures containing 24 per cent protein, with first-class 
mixed clover-and-timothy hay and com silage for roughage. These 
experiments show that with such roughage just as high production can 
be secured from a mixture containing 20 per cent protein, or probably 
from one containing 18 per cent protein. When protein supplements 
are high in price, a mixture containing only 16 per cent protein will 
generally be more economical with such roughage than one higher in 
protein. It must be borne in mind, however, that with mixed hay con- 
taining only a small proportion of clover or that which is late-cut, more 
protein than this should be supplied in the concentrate mixture. 

802. Quality of protein. — It has been shown in Chapter VI that 
when daily cows are fed considerable well-cured legume hay, the ration 
will provide protein of good quality for milk production, even if no 
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protein supplements are fed that furnish protein of high quality. 
( 162 - 156 ) In the case of ruminants, legume hay amply corrects any 
deficiencies in the proteins of the cereal grains and their by-products. 

When there is little or no legume hay in the ration, it is not wise 
to balance the ration with only such supplements as corn gluten feed, 
com gluten meal, brewers’ dried grains, or distillers’ dried grains, which 
have proteins that are low in certain of the essential amino acids. In- 
stead, these supplements should be used in combination with such feeds 
as linseed meal, cottonseed meal, soybeans, soybean oil meal, and peanut 
oil meal, all of which provide proteins of better quality. 

For dairy cows fed the usual roughages, it has been found that meat 
meal, tankage, and fish meal are apparently no more efficient sources of 
protein than are such supplements of plant origin as cottonseed meal, 
soybeans, linseed meal, etc.®^ These animal by-products therefore have 
a lower relative value for dairy cows than for swine and poultry. (143) 
With the exception of the general facts which have been summarized in 
th6se paragraphs, the experimental data are too limited to warrant 
definite conclusions concerning the relative efficiency for milk production 
of proteins 'furnished by various rations and protein supplements.®^ 

803. Fat requirements. — It has been pointed out in Chapter VIII 
that the fat in milk can be formed by a lactating animal from other 
food nutrients than fat, but that the animal can apparently make milk 
fat more readily from food fat than by synthesizing it from carbohy- 
drates. Therefore, unless the ration for a high-producing cow contains 
at least a certain minimum amount of food fat, the yield of milk and 
of fat will be considerably decreased. 

There is a tendency for dairy rations to have less fat than formerly, 
because of changes in the process of oil extraction in which the various 
oil meals are obtained as by-products. When the solvent process is 
employed, practically all the fat is removed from the oil meal. It is 
therefore of much practical importance to determine the minimum 
amount of fat needed in dairy rations for maximum production. 

In some of the earlier experiments on this question the low-fat 
rations, with which rations higher in fat were compared, still contained 
so much fat that no increase in production was obtained on the high-fat 
ration.®® It was therefore concluded that the percentage of fat in dairy 
rations was of no practical importance, and that the efficiency of a 
concentrate mixture depended on the amount of net energy or of total 
digestible nutrients (including digestible fat multiplied by 2.25) it 
furnished, and not on the percentage of fat in it. 

In experiments by Maynard, McCay, and associates at the New 
York (Cornell) Station it has been found, ’however, that the yield of 
milk and of fat is decidedly decreased when cows receiving such 
roughage as com silage plus mixed clover-and-timothy hay, are fed a 
concentrate mixture containing less than about 4 per cent of fat.®^ When 
the concentrate mixture had 4 per cent of fat, the ration supplied about 
70 per cent as much total fat as there was in the milk. 

When fed with this combination of roughage, a concentrate mixture 
containing 6.6 to 7.2 per cent fat did not produce significantly more 
milk or fat than one which contained about 4 per cent fat, though there 
was a tendency for the yield to be a trifle higher on the mixture richer 
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in fat. It was concluded that a higher level of fat in the concentrate 
or grain mixture than 4 per cent is not justified, if it increases the cost 
of the ration per pound of total digestible nutrients. 

On a concentrate mixture containing only 1 per cent of fat, fed 
with alfalfa hay and dried beet pulp, which are both low in fat, the 
yield of milk and of fat by cows was decreased considerably, but the 
percentage of fat in the milk was not reduced. On a concentrate mix- 
ture containing only 3 per cent fat, fed with the same roughage, smaller 
but significant decreases in milk and fat yield occurred. In the case 
of milk goats a low-fat ration not only decreased the yield of milk, but 
also tended to reduce the percentage of fat in the milk. 

The effects of various feeds on the character of the milk fat and on 
the percentage of fat in milk are discussed later in this chapter. 

804. Total digestible nutrient requirements. — The various modern 
feeding standards state the amounts of total digestible nutrients (or 
of net energy) that should be supplied, in addition to the maintenance 
requirements, for each pound of milk of the various fat percentages. 
Since feeding standards are intended as guides in the economical feeding 
of livestock, the amounts of total digestible nutrients recommended are 
the quantities advised for general herd feeding. Where maximum pro- 
duction is desired, regardless of expenses, somewhat greater amounts 
must be supplied. 

Substantially the same amounts of total digestible nutrients were 
recommended for the production of milk of various fat percentages in 
the Savage standards^^ and in the final form of the Haecker standards.^® 
The Armsby standards, which were expressed in terms of net energy, 
supplied about 15 to 20 per cent less nutrients than the Savage and 
Haecker standards.^® The Hansson and the Mollgaard standards recom^ 
mended about the same levels of feeding as the Armsby standards.*® 
Except for milk very rich in fat, the standards recently proposed by 
Forbes and Kriss recommend slightly more total digestible nutrients 
for production than the Armsby figures.^® However, the Forbes and 
Kriss standards are enough lower in the amount of nutrients recom- 
mended for maintenance to offset this difference in the case of cows 
of usual productive capacity. 

It was found in an experiment at the Wisconsin Station that when 
cows were fed according to the Savage standards the milk production 
was appreciably higher than when they were fed a ration which met 
the Armsby standards.^^ From 1 to 3 lbs. less grain were required per 
head daily in the latter rations than in the rations which met the 
recommendations of the Savage standards. Likewise, it was found in 
experiments by the Bureau of Dairy Industry of the United States 
Department of Agriculture that dairy cows fed according to the methods 
of feeding commonly followed in the eastern states required 15 per cent 
more nutrients for milk production than were recommended in the 
Armsby standards.®® 

Even for cows of ordinary productive capacity, the recommenda- 
tions of the Savage and Haecker standards call for a fairly liberal 
amount of concentrates, in addition to an abundance of roughage. When 
hay and other roughages supply nutrients much more cheaply than do 
concentrates, it is most economical to feed a somewhat smaller amount 
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of concentrates than is needed to balance the ration according to these 
standards, even though the production is thereby decreased somewhat. 

For this reason, in the Morrison feeding standards, which were first 
presented in 1915, a range was given in the amounts of total digestible 
nutrients recommended for each pound of milk of the various fat per- 
centages.^® The higher figures were the averages of the recommenda- 
tions of Savage and of Haecker. The lower figures were placed 10 per 
cent below the higher recommendations, for use when roughages were 
much cheaper sources of nutrients than were concentrates. 

These recommendations have been modified somewhat in the revised 
Morrison standards presented in Appendix Table III. The recommenda- 
tions for milk containing various percentages of fat have been computed 
on the basis of the Gaines ’ formula for estimating the energy content of 
milk. (822) The higher amounts of total digestible nutrients are recom- 
mended for good cows under usual conditions. When roughage is very 
cheap in comparison with concentrates, it may be more profitable to sup- 
ply no more total degistible nutrients than called for by the figures in 
the column- entiled, “Minimum allowance advised.’’ 

806. Feeding cows chiefly or entirely on roughage. — In order to 
secure the greatest net returns from dairying, one of the first essentials 
under usual conditions is to provide the cows with an abundance of 
good-quality roughage. The importance of first-class hay and silage and 
of excellent pasturage has been emphasized in Chapters XI and XII. 
Without a proper supply of excellent roughage, unduly large amounts 
of grain and purchased concentrates must be fed to secure satisfactory 
milk production. 

With plenty of good roughage available, the question then arises 
as to what is the most profitable amount of concentrates to feed. The 
answer will depend on the productive capacity of the cows, on the 
I’elative cost of nutrients in roughage and in concentrates, and on the 
price received for the milk. The feeding of concentrates to cows on 
pasture is considered in Chapter XXVI. 

In the com belt and eastward it is generally most profitable to 
* supply good cows with enough concentrates, in addition to an abundance 
of high-quality roughage, to meet the recommendations of the feeding 
standards. Guides for determining the amount of concentrates to be 
fed to cows producing various amounts of milk and with various types 
of roughage are given in Chapter XXVI and in Appendix Table IX. 

In such sections as some of the alfalfa districts of the West where 
good roughage is very cheap in comparison with grain and other con- 
centrates, it is generally most profitable to feed less concentrates than 
called for by the feeding standards. Under these conditions it may 
even be most economical to use no concentrates whatsoever, but to feed 
the cows only hay and other roughage. When milk is high in price, it 
pays even under such conditions to feed some concentrates, in order to 
secure a large yield. 

When cows are fed all the high-quality hay they will eat during 
the winter, with excellent irrigated pasture during the summer, rela- 
tively good production is often secured with little or no concentrates. 
Since they have a greater capacity to consume roughage, Holsteins and 
cows of the other larsre breeds usually do better on such a ration than 
smaller animals. 
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On nothing but roughage, even that of excellent quality, the yield 
of milk will be decidedly less than when at least a moderate amount 
of concentrates is supplied. Roughage alone, even choice alfalfa hay, is 
too bulky and not rich enough in net energy to permit continued high 
production. 

In some districts of the West, cows are fed nothing but alfalfa hay 
during the entire year, with little or no pasturage, but perhaps with 
some green alfalfa fed as a soiling crop during the summer. Under 
such conditions the production is apt to be decidedly less than when 
good pasture is available during the summer. (870) 

In Oregon tests, cows fed solely on alfalfa hay produced an average 
of only 4,464 lbs. of 4 per cent milk on a mature-equivalent basis during^ 
a 305-day lactation period.^^ On alfalfa hay plus 10 lbs. per head daily • 
of a mixture of ground oats and barley, the average yield was 8,416 lbs. 
The average production on alfalfa hay was therefore only 53 per cent 
of that on hay plus grain. The low production on alfalfa hay alone in 
these tests was perhaps due partly to the fact that it was somewhat 
lower than normal in phosphorus. 

Heifers raised on alfalfa hay alone in Kansas experiments and 
continued on this ration through their second lactation period, produced 
only 4,124 lbs. of milk and 150 lbs. of fat a year.^® Others fed alfalfa 
hay with grain and silage yielded an average of 6,156 lbs. milk and 
226 lbs. fat. It was concluded that with grain costing 3 times as much 
as alfalfa hay per ton, it was profitable to add it to the ration. In a 
Nevada cow-testing association cows fed nothing but alfalfa hay pro- 
duced a yearly average of 7,060 lbs. milk, containing 263 lbs. of butter 
fat.®"" 

806. Feeding only alfalfa hay and silage. — ^When silage from corn 
or other suitable silage crops is fed during the winter in addition to 
alfalfa hay, the milk yield is generally much greater than on alfalfa 
hay alone. The possibilities of milk production from alfalfa hay and 
com silage are well shown in the “most-milk-per-acre demonstration^^ 
conducted for 6 years by Fraser at the Illinois Station.'*^ 

A herd of 11 well-selected grade Holstein cows was maintained 
throughout each year exclusively on the alfalfa hay and the com crop 
grown on 20 acres. Most of the corn was made into silage, and during 
2 years there was only enough com forage to provide silage. Conse- 
quently, the cows had only alfalfa hay and com silage, with no grain 
in addition. During the four other years they had a very limited amount 
of corn grain. The cows yielded on the average 7,470 lbs. of milk and 
262 lbs. of fat a year for the entire six years, producing 3,888 lbs. of 
milk per acre a year. This was practically three times as much milk 
per acre as was commonly produced at that time on the average dairy 
farm in Illinois. During the time that 9 cows were fed on roughage 
alone they averaged 7,029 lbs. of milk a year. 

These results should not be interpreted to mean that under the 
usual conditions in the corn belt and eastward, cows of good productive 
capacity should be fed roughage alone. As Fraser points out: ‘‘Un- 
doubtedly these cows would have produced more milk and would have 
done it more economically had they been fed grain when the production 
was more than 20 lbs. of milk per day. ... It is strongly recommended 
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that when cows are producing more than 20 lbs. of 3.5 to 4 per cent 
milk per day, they should be fed grain.’’ 

In Montana experiments well-bred Holstein cows that had excellent 
irrigated pasturage in summer were fed during the winter chiefly on 
alfalfa hay tod com silage, with a limited amount of sugar beets and 
a total of 65 lbs. of dried beet pulp per cow during the year.^^ These 
cows, which averaged 1,240 lbs. in weight, yielded an average of 13,295 
lbs. of milk and 464 lbs. of fat. This exceptionally large production 
'on this roughage ration was due to the high productive capacity of 
the cows and the excellent quality of the roughage. 

During other years the same cows yielded an average of 16,407 lbs. 
pf milk and 576 lbs. of fat when fed, in addition to the roughage, 1 lb. 
of concentrates for every 6 lbs. of milk produced. Even under Montana 
conditions, the annual net return over cost of feed was $25.03 more 
per head on this ration than on the roughage ration. 

During other lactation periods these Holstein cows were fed on 
official test, receiving even more concentrates than required to meet the 
recommendations of the feeding standards. They were given, in addi- 
tion to the excellent roughage, 1 lb. of concentrates for each 3 pounds 
of milk produced. On this test ration the yield of milk was only 6 per 
cent greater (on the mature-equivalent basis) and the net return oven 
cost of feed much lower than on the smaller allowance of concentrates. 

These experiments and also the results of similar investigations 
show the value of good roughage in milk production, and the importance 
of adapting the method of feeding to the local conditions.^^ 

807. It pays to feed good cows liberally. — Except when concen- 
trates are very high in price in comparison with hay and other roughage, 
it is most profitable to feed good cows enough concentrates to maintain 
a high level of milk production. Even when concentrates are so high 
priced that it is wise to reduce the concentrate allowance below the 
normal amount, the cows should still get all the good roughage they 
will eat. Otherwise, their production will be so low that the net income 
over cost of feed will be seriously reduced. 

Demonstrations by the Indiana Station, the New York (Cornell) 
Station, and the Ohio Station have shown in a striking manner the 
financial benefits from the proper feeding and care of good cows.^^ In 
the Indiana demonstrations 5 cows were selected from herds on dairy 
farms where records of feed and production had been kept the previous 
year, but where the animals had not been well fed. Cows were chosen 
that had been low producers, but that were of good dairy type. They 
were brought to the Station farm, where they were fed and cared for 
in the same manner as the cows in the Station herd. They received 
roughage of good quality and were fed concentrates strictly according 
to their actual yield. 

On the Indiana farms these cows had produced an average of 5,064 
lbs. milk and 203 lbs. fat for the previous year, at an average feed cost 
of $43.72. The average value of the milk produced was $121.36, leaving 
$77.64 as the average net return above feed costs. 

In. the Station herd the same cows produced an average of 8,662 
lbs. milk and 317 lbs. fat, at a feed cost of $72.34. The milk produced 
was worth $207.38, on the average, leaving $135.04 as the net return 
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Balanced Rations Are Necessary for Profits in Dairying 

Ihe farmer who does not feed liis cows a concentrate mixture that makes a well- 
halanced ration should not expect a profit. Even well-bred cows can not be expected 
Jo ^ive a large yield of milk unless they are furnished the proper raw materials in 
their feed. (From Wisconsin Station.) 



Casey Jones Produced Three Tubs of Butter a Year 

Casey Jones was a good-looking, pure-bred Holstein, but she produced only 3 tubs 
of butter a year. The cow tester discovered her. (From Wisconsin Station.) 



Handsome Is As Handsome Does^' 

Vickery Vale Beechwood, another pure-bred Holstein, did not look much better 
than Casey Jones, but she yielded 20 tubs of butter a year. (From Wisconsin 
Station.) 
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above feed cost. Some dairymen would doubtless have thought that the 
cows were being fed extravagantly, for their average feed cost was 
$28.62 more than for the previous year. However, this investment in 
liberal feeding, along with better care, brought an increase of $86.02 
per cow in the value of the milk produced, and it added $57.^ per 
cow to the net income over cost of feed. Just as striking proofs of the 
benefits from proper feeding and care are furnished by numerous in- 
stances in the records of cow-testing associations, where dairymen have 
greatly increased their net income' by adopting improved methods of 
feeding and care. 

808. Restricting the roughage. — Some producers of market milk 
on high-priced land near the large cities follow the plan of limiting 
the amount of roughage and feeding an unusually liberal amount of con- 
centrates. They do this because they wish to keep the maximum number 
of cows on their farms, and they can more readily provide additional 
feed in the form of purchased concentrates than in the form of purchased 
roughage. 

In experiments at the Massachusetts Station this method of feeding 
was compared with the use of a maximum amount of roughage and a 
rather low allowance of concentrates.'*^ The cows in the first group were 
fed only 20 lbs. of corn silage per head daily, with what hay the cows 
would clean up and 1 lb. of concentrates for every 2.5 lbs. of milk. The 
cows in the other group received 35 lbs. corn silage, a liberal amount of 
hay, and only 1 lb. of concentrates to every 4.5 lbs. of milk. 

On the low-roughage ration the average yield of milk was 31.7 lbs. 
daily in comparison with 27.7 lbs. for the ration containing the less 
liberal amount of concentrates. At the particular time when the experi- 
ments were conducted (1928-32), the cost of milk production was prac- 
tically the s^mc under the two methods of feeding. When concentrates 
are very cheap in comparison with roughage, it would obviously be more 
economical to purchase concentrates instead of hay to supplement the 
feed raised on the farm. 

809. Relative value of concentrates and hay. — When there is only 
a limited amount of roughage available on the dairy farm, the problem 
always arises as to whether it is more economical to buy hay or to 
purchase additional concentrates as a substitute for part of the usual 
roughage allowance. The net energy values of concentrates and of hay 
provide the best basis for making a decision. Comparisons based on 
total digestible nutrients will give somewhat too high a value to hay, if 
there is already available on the farm enough good-quality roughage to 
supply sufficient bulk and enough vitamins. 

A good concentrate mixture, or mixed dairy feed, will contain about 
70 to 75 therms of net energy per 100 lbs., while good-quality hay will 
supply 40 to 45 therms per 100 lbs. On the average, it will take about 
1.75 lbs. of good hay to provide as much net energy as is furnished by 
1.0 lb. of a good dairy concentrate mixture. On this basis, such a con- 
centrate mixture would be worth 1.75 times as much as good hay as a 
substitute for part of the roughage usually fed to dairy cows. 

810. Self-feeding cows. — While the self-feeding method is widely 
used in swine feeding and is also often employed in the fattening of 
cattle and lambs, it is not satisfactory for dairy cows. Experiments 
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at the Illinois and Virginia Stations show that when cows are self-fed 
grain and other concentrates they will eat a much greater amount than 
they need, thus making the method decidedly uneconomical/® If self-fed 
different concentrates, free-choice, they will also eat a much larger 
proportion than necessary of the protein-rich feeds. 

811. Mineral requirements. — The general mineral requirements of 
livestock have been discussed in Chapter VI. It is there shown that 
in most rations which are otherwise satisfactory for cattle, common salt 
is the only mineral that is practically always deficient. 

Since milk is very rich in calcium and phosphorus, we might sup- 
pose that it would be necessary to add calcium and phosphorus supple- 
ments to the usual rations for dairy cattle. Fortunately, however, the 
recent investigations summarized in the following pages have proved 
that the majority of well-balanced dairy rations supply amounts of 
these minerals which are adequate for all cows except the highest pro- 
ducers. However, under certain conditions the use of a phosphorus 
supplement is necessary, and occasionally a calcium supplement is 
needed. 

In addition to calcium, phosphorus, and common salt, which are 
considered in detail in the paragraphs that follow, iodine and also iron 
and copper must sometimes be considered in the feeding of dairy cattle. 
Sufficient amounts of the other essential minerals arc supplied by any 
ordinary rations, so far as is known. 

In certain areas, there is a lack of iodine in the feed and water 
which causes goiter in new-born calves. The method of preventing this 
trouble has been explained in Chapter VI. Experiments have shown 
that there is no appreciable benefit from adding iodine to the rations 
of dairy cows except in the areas where goiter in livestock is prevalent. 
(172) In spite of some claims made to the contrary, these investigations 
have shown that the use of iodine supplements will not prevent or cure 
Bang^s disease (infectious abortion) or eradicate other breeding troubles. 

As is shown in Chapter VI, in a few localities the soil is so deficient 
in iron or in both iron and copper that serious anemia of livestock results 
unless these minerals are supplied. (173) 

812. Phosphorus requirements. — It has been shown in Chapter VI 
that in certain districts stock suffer severely from a lack of phosphorus, 
because of a deficiency of this mineral in the soil and a consequent 
low phosphorus content in the forages. In such areas care must be 
taken that dairy cattle are adeq^tely supplied with phosphorus, or 
poor results will follow. On the other hand, there will ordinarily be no 
lack of phosphorus in areas where the soil is well supplied with the 
mineral and dairy cattle are fed the usual type of rations, including 
grain and protein-rich concentrates, with plenty of good hay or hay and 
silage. 

From investigations at the Michigan Station Huffman and associates 
recommend that dairy cows be supplied with 10 grams (0.35 ounce) of 
phosphorus daily per 1,000 lbs. live weight for maintenance and with 
0.75 gram (0.026 ounce) for each pound of milk produced.^® It is recom- 
mended further that not less than 17 grams (0.60 .ounce) of phosphorus 
be fed daily during low production and during the dry period prior to 
calving. 
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On the basis of these recommendations the ration of a 1,200-lb. cow 
producing about 30 lbs. of milk a day should contain, on the air-dry 
basis, about 0.23 per cent phosphorus, and the ration of a cow yielding 
60 lbs. of milk, about 0.26 per cent phosphorus. Prom the data in 
Appendix Table I, one can determine the approximate percentage of 
phosphorus a particular ration will furnish, if the roughages have been 
grown on soil fairly well supplied with phosphorus. If silage is included 
in the ration, it should be reduced to an air-dry basis by dividing the 
weight fed by 3 and multiplying the phosphorus percentage shown in 
the table by 3. For example, 30 lbs. of well-matured com silage of 
average composition, containing 0.06 per cent phosphorus, are approxi- 
mately equal to 10 lbs. of air-dry silage containing 0.18 per cent 
phosphorus. 

It will be noted in Appendix Table I that even alfalfa hay supplies, 
on the average, only 0.21 per cent phosphorus, and most other hays have 
still less. As has been emphasized in Chapter VI,- the graips contain 
more phosphorus than the hays, com grain (which is the lowest in phos- 
phorus) having about 0.27 per cent. (160) Most of the protein supple- 
m*ents are still higher in phosphorus content, especially wheat bran, 
standard wheat middlings, cottonseed meal, and linseed meal. Corn 
gluten meal, corn gluten feed, distillers’ dried grains, and brewers’ 
dried grains are only fair in percentage of phosphorus. 

When cows are fed only on roughage, even alfalfa hay and silage, 
the phosphorus content of the ration will be slightly less than is recom- 
mended for good milk production. If the roughage has been grown on 
soil low in phosphorus, the supply of the mineral will be decidedly 
deficient. The addition of grain, even of corn, to the ration will increase 
the phosphorus content somewhat. However, Michigan experiments have 
proved that the phosphorus supply will be seriously deficient for good 
cows in a ration made up of corn grain fed with alfalfa hay and com 
'silage of slightly lower phosphorus content than the average. 

Unless the roughage is grown on soil well supplied with phosphorus, 
a phosphorus supplement should be added to a ration made up of 
roughage and farm grain, and especially to a ration of roughage alone, 
without grain. Where part of the roughage consists of a feed very low 
in phosphorus, such as cereal straw or cottonseed hulls, this fact must 
be taken into consideration. 

Dairy cows will usually receive sufficient phosphorus if they are fed 
enough concentrates to meet the recommendations of the feeding stand- 
ards and the concentrate mixture includes at least 25 per cent of the 
high-phosphorus protein supplements, such as wheat bran, cottonseed 
meal and linseed meal. The only exception may be when the roughage 
is from soil decidedly deficient in phosphorus. 

When phosphorus is lacking, it can be provided by allowing the 
cows access to one of the mineral mixtures previously recommended, or 
20 to 40 lbs. of bone meal or other safe phosphorus supplement may be 
added to each ton of the concentrate mixture. (166-170,181) A phos- 
phorus supplement containing a dangerous amount of fluorine should 
not be used for stock feeding. (171) 

813. Calcium requirements. — Milk contains a slightly greater 
quantity of calcium than of phosphorus. Nevertheless, there is much 
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less apt to be a lack of calcium in rations for dairy cows than a deficiency 
of phosphorus. Even non-legume roughages generally contain more 
calcium than phosphorus, and all legume roughages are very rich in 
calcium. Also, cows can apparently utilize the calcium in their feeds 
somewhat more efficiently than the phosphorus. 

In Wisconsin experiments the milk production of good dairy cows 
fed a ration containing only 0.2 per cent calcium, on the dry basis, was 
fully as large as that of other cows which were fed a ration rich in 
calcium.*^ In these experiments, good-producing cows that had been fed 
continuously on each ration for 3 lactation periods were slaughtered just 
before calving. It was found that the skeletons of the cows fed the 
low-calcium ration were entirely normal, and contained as much calcium 
as those which had received the calcium-rich ration. 

No injurious results were produced in Minnesota experiments when 
dairy cows were fed a ration containing only 0.12 per cent calcium for 
long periods. In order to reduce the calcium content to this low level, 
the only roughage was 6 to 7 lbs. of timothy hay that was low in 
percentage of this mineral.^® The cows yielded 6,453 to 8,706 lbs. of 
milk during lactation periods on this ration and produced normal calves. 

For high-producing cows it would seem desirable to use rations con- 
taining at least 0.2 per cent calcium, on the dry basis, and preferably 
somewhat more. When such cows receive no legume hay, the use of a 
calcium supplement is probably wise as an insurance against a deficiency 
of the mineral, unless the roughage has been grown on soil well sup- 
plied with calcium. When at least one-quarter of the roughage, on the 
dry basis, is legume hay or legume silage, one can be sure that there 
is no possible deficiency of calcium. 

Where the soil is very deficient in calcium, dairy cows fed non- 
legume roughage, even of good quality, may suffer seriously from a lack 
of the mineral, unless a calcium supplement is supplied. This is shown 
by results secured at the Florida Station.^® For some years the cows 
in the Station dairy herd had received corn or sorghum silage as the 
only roughage during the winter and had been on grass pasture during 
the summer. They had been liberally fed on a good concentrate mixture 
which was rich in phosphorus and which included a small percentage 
of alfalfa meal. . Though the cows were in good flesh and some were 
even excessively fat, a few had suffered broken bones with no apparent 
cause. The milk yield was also very low, considering the quality of the 
cows and the liberality of feeding. 

When a mineral supplement was added to the ration to provide 
additional calcium, the average milk yield of the cows, which were 
Jerseys, was increased from 3,980 lbs. a year to 6,425 lbs. No longer was 
there any trouble from cows breaking their bones, and fewer of the 
cows showed a tendency to excessive fatness. It should be noted that 
the condition of these cows when suffering from the deficiency of calcium 
was entirely different from that which occurs in phosphorus deficiency. 
In the latter case cattle are run-down and emaciated, due to a lack of 
appetite and poor utilization of their feed. ( 164 ) 

If there is any possibility of a lack of calcium in the ration, the min- 
eral may readily be supplied by the use of one of the mineral mixtures 
suggested in Chapter VI, or by including 20 to 30 lbs. of ground limestone 
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or other calcium supplement in each ton of the concentrate mixture. 
{166, 181) Unless the deficienc^^ of calcium is serious, it is best to use 
only 20 lbs. of limestone per toA, instead of more, or the palatability of 
the concentrate mixture may b^ lessened. 

814. Losses and storage of, calcium and phosphorus. — Numerous 
investigations have been conducted in recent years to study the use 
of calcium and phosphorus by dairy cows and their requirements for 
these minerals. On account of a lack of space, only a brief summary 
can be presented here of some of the most important results secured 
in these experiments.®® 

Metabolism experiments conducted by Forbes and associates at the 
Ohio Station previous to 1920 revealed a surprising condition.®^ It was 
found in these investigations, where the gains or losses of calcium and 
phosphorus in the bodies of the cows were carefully determined, that 
high-producing cows fed excellent dairy rations were commonly losing 
significant quantities of these minerals daily from their bodies. The 
losses were usually less when a liberal amount of legume hay was fed 
than when no legume hay was included in the ration. Also, the addition 
of bone meal or other suitable mineral supplements tended to lessen the 
losses of phosphorus and calcium, but not to prevent them entirely. 

Since these losses continued when high-producing cows were fed 
ideal dairy rations, it seemed evident that the cows were unable to 
assimilate sufficient of the calcium and phosphorus for the production 
of a large amount of milk, even when the ration contained liberal quan- 
tities of the minerals. Consequently, they drew on the stores of these 
minerals in their skeletons in order to maintain a normal mineral content 
in the milk they yielded. 

These investigations at once raised the question as to whether or 
not such losses of minerals during high production were a cause of the 
relatively short productive life of many high-yielding cows. Since the 
use of phosphorus and calcium supplements tended to reduce these losses, 
it was natural to conclude that it was wise to add mineral supplements 
to ordinary dairy rations. It was believed that this would be good 
insurance against injurious effects from a drain on the reserves of 
calcium and phosphorus in the bodies of such cows. 

In later investigations Forbes and others found, however, that 
during the latter part of the lactation period, when the milk yield was 
lower, and also during the dry period, cows stored considerable amounts 
of these minerals in their bodies when fed good dairy rations.®^ It there- 
fore seems to be a normal condition for high-producing cows to draw 
on the reserves in their skeletons for calcium and phosphorus during 
the flush of milk production, and then to replace these losses late in 
lactation and when they are dry. 

Continuous metabolism experiments over entire lactation periods 
have recently been conducted with good dairy cows by Ellenberger and 
associates at the Vermont Station and by Forbes and colleagues at the 
Pennsylvania Institute of Animal Nutrition.®^^ In these studies the 
amounts of calcium and phosphorus that each animal gained or lost 
'during the entire year or the complete lactation period were determined. 
In the Vermont investigations certain animals were continued on the 
-experiments for 5 or more consecutive years. 
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These high-producing cows, which yielded 9,000 to 15,000 lbs. of 
milk a year, lost calcium and phosphorus during the first part of the 
lactation period, when their yields were largest. However, in nearly 
all cases they stored sufficient of these minerals later so that by the 
next calving time the losses were more than replaced. This was true 
even when the cows were fed no legume hay, but only good timothy 
hay and com silage as the roughages. The addition of bone meal, 
ground limestone, or a mixture of the two mineral supplements tended 
to lessen the losses of minerals during the early part of the lactation 
period and to result in a greater storage for the entire year. There 
was, however, no proof that the addition of these supplements improved 
the health or the production of the cows. 

815. Adding calcium or phosphorus to good rations. — ^Experiments 
have been conducted by several stations to determine whether or not 
there would be any benefit from adding a phosphorus and calcium sup- 
plement to good dairy rations.®® In these experiments one group of cows 
has been fed a well-balanced ration, including the usual amount of a 
concentrate mixture of the common type and plenty of good roughage, 
but with no mineral supplement except common salt. Another group has 
received the same ration, except that a mineral supplement, such as bone 
meal, has been added to supply additional phosphorus and calcium. 
In some cases a mineral mixture has been used, containing such mineral 
supplements as bone meal and ground limestone. 

With the exception of the experiments mentioned previously, in 
which the roughage was unusually low in phosphorus or. in calcium, 
there has been no decided benefit from the use of these mineral sup- 
plements. This has been true even when little or no legume hay or 
other legume roughage has been fed. These experiments have definitely 
proved that the use of phosphorus or calcium supplements for milk 
cows is advisable only under the special conditions stated in the previ- 
ous paragraphs. 

816. Salt. — The experiments reviewed in Chapter VI show clearly 
that dairy cows must have salt to thrive. If they are allowed to con- 
sume as much salt as they wish, they will take 1 to 4 ounces per head 
daily when fed usual dairy rations.®* The amount of salt needed de- 
pends on the live weight and on the amount of milk produced. An 
allowance of 0.75 ounce daily per 1,000 lbs. live weight, with 0.3 ounce 
in addition for every 10 lbs. of milk, is generally sufficient.®® 

Cows may be allowed free access to salt ; they may be fed salt daily 
or at regular intervals of two or three days ; or it may be mixed with 
their feed. Probably the best plan in the case of cows being fed the 
usual amount of a concentrate or ^ ‘ grain mixture is to mix 1.0 lb. of 
salt with each 100 lbs. of concentrates, and then in addition provide 
salt in a salt box or by the use of salt blocks, so the cows can have 
access to it and take all they wish. Mixing some salt with the concen- 
trate mixture tends to make it more palatable and also insures that the 
cows* get salt each day. 

817. Vitamin requirements. — ^The vitamin requirements of the 
various classes of stock have been discussed in detail in Chapter VI. 
It has there been shown that vitamin A and vitamin D are the only 
vitamins that may be lacking in the usual rations fed cattle. Dairy 
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cows have a rather high requirement for vitamin A and also need more 
vitamin D than do mature animals not producing milk. As has been 
shown, the vitamin A content of the milk depends strictly on the supply 
in the feed. (189) 

Among the concentrates of plant origin, yellow corn and by-pro- 
ducts from it (com gluten feed, com gluten meal, and hominy feed) 
are the only common ones that have any appreciable amount of vitamin 
A. Even yellow com has much less vitamin A value than well-cured 
hay. Likewise, none of the concentrates of plant origin supplies any 
significant amount of vitamin D. Therefore dairy cows secure most of 
their vitamin A supply from the roughage they consume, and meet 
their vitamin D requirement through the supply of this vitamin in their 
roughage and through the anti-rachitic effect of sunlight. 

There is apparently much more apt to be a deficiency of vitamin A 
in dairy rations than of vitamin D. This is doubtless due to the bene- 
ficial effect of sunlight and also because the vitamin A value (carotene 
content) of hay is largely destroyed when hay is cured poorly and 
becomes bleached and weathered. Though such hay contains but little 
carotene, it apparently still supplies appreciable amounts of vitamin D. 
The investigations of the Bureau of Dairy Industry of the United States 
Department of Agriculture are mentioned elsewhere ; in these it has been 
shown that disaster results when cows are fed for a long period on 
poor-quality grass hay (deficient in carotene) as the only roughage. 
(882) On such a ration the cows abort or the calves are bom weak 
and often blind. Also, the milk produced is nearly devoid of vitamin A. 

The injurious results produced when cows are continuously fed 
only poor roughage have likewise been shown in a striking manner 
by the experiments, previously summarized, in which the effect of feed- 
ing large amounts of cottonseed meal to cows has been studied. (583) 
When cattle are fed only on cottonseed meal and roughage deficient 
in vitamin A, such as cottonseed hulls or poor hay, trouble follows. On 
the other hand, dairy cows have been fed only cottonseed meal and 
good-quality hay for years with satisfactory results and with no indi- 
cation of the so-called ‘‘cottonseed meal injury.’’ 

That straw is unsatisfactory as the only roughage for dairy cows 
over long periods was shown in extensive investigations at the Wiscon- 
sin Station.®® In these experiments cows fed wheat straw or oat straw 
as the sole roughage were unable to reproduce normally, and the cows 
themselves became unthrifty. Some of the calves were dead at birth 
and the others were usually very weak and often blind. On the other 
hand, the results were satisfactory when well-cured com fodder was 
used as the only roughage. The disastrous results on straw as the sole 
roughage were due to the deficiency of vitamin A and probably also 
to the low calcium content of the rations. When a vitamin A supple- 
ment and also a calcium supplement were added in later experiments, 
reproduction was normal. 

The vitamin A and D requirements of dairy cows will be amply 
met when they are fed the usual amount of roughage of good quality, 
including a reasonable amount of well-cured hay. Hay that has a green 
color is usually rich in vitamin A value (carotene), but that which is 
bleached has but little. As has been stated previously, the vitamin A 
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value of com silage will depend on the stage of maturity at which the 
crop is cut. (188) This is also true of sorghum silage. In Texas trials 
a liberal amount of sorghum silage, fed with cottonseed hulls and cotton- 
seed meal, did not provide sufficient carotene for good health of the 
cows and a high vitamin A content in the milk.®^ When the cows were 
also supplied with good pasture, the butter fat contained 9 times as 
much vitamin A as previously. 

Cod-liver oil should not be added to dairy rations, because it lowers 
the fat content of the milk and also because of the possible toxic effect 
of cod-liver oil on ruminants. (194) 

So far as is known, there is no lack of vitamins B and G in any 
ordinary dairy ration. In a Minnesota experiment there was no advan- 
tage in adding yeast, which is rich in both these vitamins, to a normal 
dairy ration.®® (196-198) On the basis of the present information, it 
seems very doubtful whether there is any lack of vitamin E in the rations 
commonly fed to dairy cows. (200) 

818. Supplements do not prevent breeding troubles. — Claims are 
sometimes^ made that the addition of various mineral and vitamin sup- 
plements to dairy rations will prevent or cure Bang's disease (infec- 
tious abortion) and lessen other breeding troubles. (670) An extensive 
experiment was conducted at the Wisconsin Station to study this impor- 
tant problem.®® Two groups, each of 22 heifers, were selected for the 
experiment from farms which were known to be free from Bang's disease, 
as shown by the tests for the disease. 

One group was raised on a ration that was considered ideal from 
the nutritive standpoint, and then the cattle were continued on the 
same ration after they came into milk production. This ration con- 
sisted of good-quality alfalfa hay and com silage with a concentrate 
mixture which supplied ample protein and which was also rich in 
phosphorus. During the summer the cattle were on legume pasture. 
Iodized salt, steamed bone meal, and cod-liver oil were included in the 
concentrate mixture to ensure a liberal supply of iodine, phosphorus, 
calcium, and vitamins A and D. This ration was also undoubtedly rich 
in vitamin E. 

The cattle in the other group received timothy hay and com silage, 
with common salt and with a concentrate mixture that supplied suffi 
"cient protein, but was low in phosphorus. In summer the cattle were on 
grass pasture. This ration was not rich in calcium, phosphoras, and 
iodine, and in addition it was lower than the first ration in vitamins A, 
D, and E. 

< After the first year of milk production on these rations, the cattle 
in both groups were exposed similarly to infection with Bang's disease. 
The cows fed the ‘‘good" ration, which contained the mineral and 
vitamin supplements, showed no more resistance to the disease than 
those fed the other ration. The fat production was slightly less on the 
“good" ration than on the ration which had been thought to be poorer, 
because of the effect of cod-liver oil in decreasing the percentage of 
fat in milk.^ This effect had not yet been discovered when this investi- 
gation was begun. (194, 832) 

819, Water, — Often the production of cows is lessened merely be- 
cause they cannot conveniently get plenty of good water.®^ There is 
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no greater folly in dairying than this, for feed and labor are expensive, 
while water is practically always cheap and abundant. 

Of all farm animals, dairy cows in milk require the largest amount 
of water in proportion to their size, because water forms about 87 per 
cent of the milk they yield. The amount of water they will drink depends 
on their size, on the yield of milk, on the air temperature, and on the 
amount of water in the feed they eat.®^ Depending on the size of the 
cows, from 100 lbs., or 12.5 gallons, up to 120 lbs., or 15 gallons, of 
water per cow daily may be considered an average amount for a herd, 
including both cows in milk and dry cows. Cows producing 100 lbs. of 
milk a day may drink 300 lbs. of water a day or even more. Dry cows 
will vary widely in water consumption, large cows drinking up to about 
100 lbs. a day on dry feed. 

Including both the water in their feed and the water they drink, 
cows usually consume 4.0 to 5.5 lbs. of water for each pound of milk 
they yield. On a ration of silage, hay, and concentrates, they will 
drink in ordinary weather 2.3 to 4.4 lbs. of water per pound of milk 
produced, in addition to the water in their feed. 

In hot weather cows may drink 80 per cent more than in moderate 
weather. In weather down to freezing temperature, they drink about 
the same amounts as in moderate weather, if the water is not too cold 
and is comfortably accessible. The feeding of a ration very high in 
protein considerably increases the water consumption. Adding any 
succulent feed to a dry ration decreases the water drunk, but not the 
total intake of water. If roots are fed in place of silage, cows drink 
less water, but the total water intake in feed and water drunk is greater 
on the root rations. 

Providing water by means of automatic, individual drinking bowls 
or cups, so cows can drink whenever they wish, increases the milk pro- 
duction, saves labor, and aids in providing a more sanitary supply of 
water. In trials by the United States Department of Agriculture and 
the Iowa and Connecticut (Storrs) Stations good cows watered with 
drinking bowls produced 3.5 to 4.0 per cent more milk than those allowed 
to drink all the water they wished twice a day, and 6 to 11 per cent 
more than those watered once a day.®® In the case of low producers, 
there was less benefit from the use of drinking bowls. Cows watered 
with water bowls drank an average of about 10 times each 24 hours, 
and about one-third of the water was drunk during the night, from 
5 p. m. to 5 a. m. 

Where drinking bowls are not used, high-producing cows should 
always be watered at least twice a day, and in severe weather they 
should be watered indoors, if possible. When cows drink from an out- 
door tank, it is probably wise to warm the water during very cold 
winter weather, so they will drink sufficient for their needs. However, 
in a Washington test the production was not increased when water was 
warmed for one group of cows, in comparison with another group 
receiving water which had a temperature of about 32® F. most of the 
time.®^ 

Cpe should be taken to keep drinking bowls and tanks in a sanitary 
condition by frequent cleaning. This is an important point that is often 
overlooked. 
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‘ 820. Preparation of feed. — The various grains should be ground 
or crushed for dairy cows and heifers, as a considerable percentage 
otherwise escapes mastication and digestion. The only exception is 
when grain is unusually cheap in price, in comparison with the cost 
of grinding. Most grain need not be ground for calves up to 6 to 8 
months of age. Grinding to medium fineness is preferable to grinding 
to a fine, floury meal, as such grinding is much less expensive in power 
and time required than fine grinding, and grain ground medium-fine is 
also more palatable. 

Numerous experiments have been conducted to determine whether 
or not it pays to chop or grind hay for dairy cows.®® The experiments 
all show conclusively that when cows are fed the usual amounts of con- 
centrates, it does not pay to chop or grind hay of such quality that it 
will be cleaned up reasonably well when fed uncut. (100) Cows fed 
chopped or ground hay in such tests have produced no more milk or 
only slightly more than on uncut hay, and in no case has there been 
sufficient saving in chopping or finding good-quality hay to justify 
the expense." Tl^e chopping or grinding of good hay produces little or 
no increase in its digestibility and fine grinding may even lower the 
digestibility.®® Oregon experiments indicate that when cows are fed 
only alfalfa hay, without any concentrates, it may be profitable to 
chop or grind the hay.®^ 

In the case of hay which is unpalatable or coarse and stemmy, such 
as coarse soybean hay, there may be enough saving through chopping to 
warrant it, if it can be done cheaply. However, the waste stems of 
legume hay can often be fed advantageously to idle horses, which will 
clean up much of such refuse. Chopping soybean hay for dairy cows 
has increased its value in some trials by 19 per cent, while in others, 
where better hay was probably fed, there has been little increase in 
value through chopping or grinding. Chopping or shredding corn or 
sorghum fodder or stover is advisable to lessen the waste, and to facili- 
tate handling the manure. 

Where it seems desirable to prepare hay for dairy cows, chopping 
it by means of a silage cutter or other chopping machine is preferable 
to grinding it. Ground hay is often disagreeably dusty and may be 
unpalatable to the cows. 

Some have advocated that the concentrate mixture be mixed with 
chopped or ground hay for dairy cows, claiming that such mixtures 
will be digested better than when the concentrates and hay are fed 
separately. However, in Ohio and South Dakota trials such mixing was 
not advantageous.®® 

There is no advantage in soaking or cooking ordinary feeds for 
dairy cows. In some cases for feeding cows on advanced registry test 
the concentrate mixture is moistened before feeding, in order to get 
a cow to eat a larger quantity than she might if it were fed dry. Also, 
dried beet pulp is sometimes soaked and fed as a substitute for silage. 
Fermenting, or ‘‘pre-digesting,’^ chopped or ground hay or mixtures of 
such hay and concentrates does not increase the value and is a waste 
of time and money. That such methods of preparing feed are not profit- 
able has been clearly shown by the experiments which have previously 
been summarized in Chapter IV. (104) 
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III. Factors Influencing the Composition and Yield of Milk 

821. Composition of milk. — The milk of the purebred or high- 
grade cows of any dairy breed has certain general characteristics, par- 
ticularly in fat content and in color, although the milk of various indi- 
viduals may differ considerably from the breed average in percentage 
of fat and total solids. While the fat content of cow’s milk may range 
from less than 3 per cent to 6 per cent or over, there is much less range 
in the other constituents. The average composition of milk from pure- 
bred cows of the different breeds is shown in the following table 

Composition of milk of purebred cows of various breeds 

Total Mineral 

solids Fat Protein Lactose matter 

Per cent Per cent Per cent Per cent Per cent 


Ayrshire 12.97 3.97 3.51 4.81 0.68 

Brown Swiss 13.04 4.01 

Guernsey 14.52 4.91 3.90 4.97 0.74 

Holstein-Friesian 1229 3.42 3.30 4.89 0.68 

Jersey 14.78 5.29 3.79 5.00 0.70 

Shorthorn 12.57 3.63 3.32 4.89 0.73 


Jersey and Guernsey milk is the richest in fat, and that of Hol- 
steins the lowest in fat among the common dairy breeds in this country. 
However, the breeds which give milk high in fat usually yield a cor- 
respondingly smaller quantity. 

As the fat content of milk increases, the percentage of protein rises 
less rapidly. The Ohio Station reports, from a study of the relation- 
ship between the fat content and the protein content in many hundreds 
of samples of milk, that there is an increase of about 0.42 per cent in 
protein content for each 1 per cent increase in fat.^® Casein is the chief 
protein of milk, there being about 3.0 per cent or more of casein. Milk 
also has approximately 0.50 per cent lactalbumin (or milk albumin), 
0.05 per cent of lactoglobulin, and traces of other proteins. The per- 
centages of lactalbumin and lactoglobulin do not differ much in milk 
of various fat percentages, but the chief difference in the total protein 
content is due to a greater or smaller percentage of casein. 

The percentage of casein in milk is of great importance in cheese 
making, since the yield of cheese depends not only upon the percentage 
of fat but also upon the percentage of casein. A milk testing 6 per 
cent of fat will not make twice as much cheese as one testing 3 per cent. 
Therefore, at cheese factories where the milk from different herds differs 
considerably in fat content, it should be paid for, not on the basis of 
the fat content alone, but by some method which gives credit for both 
fat and casein. 

Certain investigations, especially those by Hill of the Utah Station, 
have shown that the hardness of the curd formed from the milk of 
various cows differs widely.^^ Among normal samples of milk, the 
percentage of casein is the chief factor affecting the character of the 
curd, the curd becoming harder as the casein content increases. Milk 
from cows badly affected with mastitis also may have softer curd than 
normal. 

Since normal soft-curd milk is more readily digested than hard- 
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curd milk, there has been considerable interest in its use for delicate 
infants. Not only does the milk from various cows dilfer in character 
of curd, but also the hardness of curd can be greatly decreased by 
certain methods of treating the milk. 

It is well known that the fat in milk is in the foym of minute 
globules or droplets, which are distributed through the milk in the form 
of an emulsion. The fat globules range in size from less than 1 micron 
to 10 microns or even more in diameter.^^ (A micron is one one-thou- 
sandth of a millimeter or about 4 one-hundred-thousandths of an inch.) 
The minute size of the fat globules is shown by the fact that a quart 
of normal milk contains 4.5 to 9.0 trillion fat globules. 

The fat globules of Jersey and Guernsey milk are larger than those 
in Holstein and Ayrshire milk, while the globules in Shorthorn milk 
are of medium size. Eegardless of breed, there is a tendency for the 
fat globules to be larger at the beginning than at the end of lactation. 

822. Equating milk yield to uniform fat percentage. — Milk of 
the various fat percentages differs widely in energy content per pound. 
Therefore toucompare the actual energy values of milk differing in 
richness, the yields must be equated, or changed, to a uniform energy 
basis. This can be done by converting the various actual yields to 
equivalent amounts of milk of the same fat percentage, and therefore 
of the same energy content. 

When it is desired to compare yields of milk on an equal energy 
basis, they are commonly converted to amounts of ‘‘4 per cent fat- 
corrected milk^’ by the formula which Gaines developed through studies 
at the Illinois Station.*^® This is done by multiplying the actual milk 
yield by 0.4 and then adding to this product the actual fat yield multi- 
plied by 15. In condensed form, the formula is: 

F. C. M. (4 per cent fat-corrected milk) =0.4 X uiilk 15 X fat. 

This method of equating milk yields to a uniform energy basis is 
now commonly used in investigations with dairy cows, to compare, for 
example, the yields of .milk produced on various experimental rations. 
If desired, the milk yields can be converted to some other uniform fat 
percentage than 4 per cent, by the use of a different formula. 

823. Factors affecting yield and composition of milk. — In addi- 
tion to the influence of breed on the composition of milk, the yield and 
composition are affected by various other factors. These are discussed 
in the paragraphs which follow. 

The amount of milk a cow produces is affected much more readily 
and to a greater degree than is its composition. The chief factors affect- 
ing the yearly yield of milk by any cow are her inherited productive 
ability, her thrift, her age, and the manner in which she is fed and 
cared for. The daily yield usually reaches a maximum the second 
month after calving and then decreases gradually as lactation progresses. 
Such factors as pregnancy, temperature and humidity, exercise, and 
turning to pasture may have an appreciable effect on the milk yield. 

of all the milk constituents, the fat percentage is the most variable. 
While the average percentage of fat in the milk of an individual cow 
does not usually change much from year to year, the fat content may 
vary greatly from one milking to another, and often without any apparr 
ent cause. In general, whenever the yield of milk rises or falls consid- 
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erably, the fat percentage is apt to change in the opposite direction. 

The variations in fat content from milking to milking, and from 
day to day, are much greater than generally realized. In milkings made 
at the same time on successive days, variations of 0.5 per cent in fat 
are common and of 1.0 per cent not unusual.^* The variations in the 
percentage of fat in successive milkings are often greater than this, as 
the time of day may have an influence on the fat content of the milk. 

Due to the variations which occur in the fat percentage, testing the 
milk from only one milking is often a poor indication of the richness 
of the milk a cow is producing. Also, on account of the variations in 
composition of milk, a dairyman who is retailing milk should be sure 
to mix the milk from various cows thoroughly before bottling it. Other- 
wise some of the milk may fall below the legal standards for fat or solids- 
not-fat, even though the average composition is satisfactory. 

The fat content of milk is affected somewhat by the stage of lacta- 
tion, tending to increase gradually after the second month. It is also 
affected to a slight extent by temperature and season of the year, by 
interval of time between milkings, by age, and by certain other factors. 
It may sometimes be increased temporarily by adding to the ration 
certain fat-rich feeds or fats, but the kind of feed does not exert any 
large continued effect upon the fat percentage over a long period of 
time. Cows calving in fat condition may yield milk abnormally high 
in fat for some weeks after calving, and pronounced underfeeding of 
a good cow for a few days may cause a temporary increase in the per- 
centage of fat. The character of the fat may be greatly changed by 
the particular feeds supplied. 

The various factors which affect the yield and composition of milk 
are discussed in detail in the following pages. 

824. First and last drawn milk; thorough milking. — Under usual 
conditions the first milk drawn from the udder is very poor in fat 
and each successive portion increases in richness. While the first portion 
may contain less than 1 per cent of fat, the strippings from the same 
cow may have 6 to 10 per cent of fat."^^ There arc various opinions as 
to the cause of this difference in fat content. It may be due to a holding 
back of the fat globules in the alevoli and small ducts of the udder tissue. 
Also, there may be some tendency for the fat to rise in the milk 
that is contained, previous to milking, in the milk cistern and large ducts 
of the udder. 

If the udder is massaged before milking starts, or if the cow has 
just had considerable exercise, the differerice is much less than if she 
has been standing quietly in the stable.^® It also tends to be less in low- 
producing cows than in high producers. The percentages of other con- 
stituents than fat vary but little in the successive portions of milk 
drawn from the udder. Since the strippings are so much richer in fat, 
the yield of fat and the richness of the milk are appreciably decreased 
when cows are not milked thoroughly with care to get all the milk from 
the udder. 

Foremilking, or discarding the first few streams of milk from each 
quarter of the udder, is sometimes done to increase the fat content of 
market milk. The discarded milk is then used for feeding calves or 
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other stock. Tests at the New York (Cornell) Station show that a 
considerable part of the milk must be discarded to make any very 
marked increase in the richness of the remaining milk.*^^ Discarding 
the first 20 streams from each quarter increased the fat content of the 
rest of the milk only 0.17 per cent. Yet, to obtain this increase nearly 
10.5 per cent of the entire milking was discarded. 

To secure an accurate index of a cow's production on an official 
test, it is important that she be milked clean at the milking before the 
test period starts. Incomplete milking before a test period begins will 
usually slightly increase the yield of milk, the percentage of fat, and 
the yield of fat during the test period.^® 

825. Length of period between milkings; night and day.^® — ^When 
the intervals of time between milkings are unequal, cows generally yield 
a smaller amount of milk after the shorter period, but this milk is 
usually slightly richer in fat and total solids. With cows milked twice 
a day, a difference of 4 hours in the two periods may make a difference 
of 0.5 to 1.0 per cent in fat content. 

If cowi? are* milked twice a day with equal intervals between milk- 
ings, the evening milking, according to most investigations, tends to be 
slightly richer in fat than the morning milking. This may be due to 
the effect of the exercise during the day. When cows are milked three 
or four times a day, the milkings during the middle of the day tend to 
be slightly higher in fat. 

826. Frequency of milking. — ^Milking cows of ordinary productive 
capacity more than twice a day does not markedly increase their pro- 
duction, and is generally not economical. However, Holsteins milked 
twice a day will not usually yield much more than 50 to 60 lbs. of 
milk a day, and Jerseys or guernseys 35 to 45 lbs. If cows capable of 
greater production than this are milked three times a day, it will 
usually increase their production markedly and will often be decidedly 
profitable. 

In experiments with good cows where the same cows were milked 
three times daily in comparison with twice daily, the yield of milk has 
been increased from 6 to 20 per cent or more.®® Those milked four times 
a day have yielded 6 or 7 per cent more than when they were milked 
thrice daily. To secure these increases, cows milked more than twice a 
day must have their concentrate allowance increased in proportion to 
the milk they are actually producing. Milking cows of high productive 
capacity more than twice daily tends to increase their persistency in 
production throughout the lactation and may increase the fat test 
slightly. 

827. Effect of age.®^ — The annual yield of both milk and fat by 
a cow normally increases from the first lactation until she is mature. 
Numerous investigations have shown that the maximum yield is usually 
reached at 7 to 9 years of age, but the increase is only slight after 5 
years. Most cows are removed from the herd on account of failure to 
breed, or due to udder trouble or other causes before their yield is much 
reduced by old age. Usually there is no marked decline until 12 years 
of age, if the cow is in good health. 

The fat percentage is affected but little by age, though there is 
usually a very slight tendency for it to decrease as a cow grows older. 
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In culling cows it is important to bear in mind that while a heifer will 
ordinarily increase in milk yield with age, the richness of her milk will 
tend to decrease. 

The various breed associations take the effect of age on milk yield 
into consideration in their requirements for advanced registry of cows 
of various ages. According to data secured in the United States dairy 
herd-improvement associations, cows 2 years old when calving will give 
77 per cent of their mature production on the average; cows 3 years 
old, 87 per cent; cows 4 years old, 94 per cent; and those 5 years old, 
98 per. cent of their yield when mature. The estimated ‘‘mature equiv- 
alent yield’' may be computed by multiplying the yields at the various 
ages by the following factors: 2 years old at calving, 1.294; 3 years old, 
1.149 ; 4 years old, 1.064; and 5 years old, 1.020.®^ Various investigators 
have recommended slightly different factors, based on their particular 
studies. 

Heifers are usually more persistent producers in their first lactation 
than in later lactations. In other words, their decrease in production 
from month to month is less rapid. This is probably because a heifer 
is growing in body, and the amount of secreting glandular tissue in her 
udder is also increasing. 

828. Size of cow. — There has been considerable discussion as to 
whether large or small cows of the same breed are, on the average, 
more efficient producers of milk and butter fat. To settle this question 
conclusively would require experiments with a large number of cows, 
in which accurate records were kept of feed consumed and of production. 
This would be necessary because cows of the same size differ so greatly 
in productive capacity. 

Studies of the records of cows in dairy herd-improvement associa- 
tions and also studies of advanced registry records show clearly that 
within a given breed the large cows give higher average yields of milk 
and fat than those small in size.®® This is but natural, for a 1,600-lb. 
cow, for example, is able to consume much more feed than a 1,000-lb. cow. 

Because of the larger average yields of milk, the yearly return per 
cow over cost of feed averages higher for the large cows of a breed than 
for those which are small in size. However, studies by Gaines of the 
Illinois Station indicate that in the percentage-efficiency with which 
they convert feed into milk, the small cows may excel the larger ones.®* 
In developing a high-producing herd, one should base his selection 
primarily on productive capacity rather than giving undue attention to 
size. If a large cow and a cow of moderate size produce equal amounts 
of milk, the cow of moderate size will be more profitable. This is because 
she will require somewhat less feed to maintain her body than the large 
cow. 

829. Condition of flesh at calving. — The milk yield of a cow, 
especially during the first part of the lactation period, depends con- 
siderably on having her in thrifty, vigorous condition at time of calving. 
The fat content of the milk is usually not affected greatly by the condi- 
tion of flesh at calving, except in the case of cows which are so fed that 
they are really fat at calving, as is often done with cows on advanced 
registry test. 

When a cow of high productive capacity calves in a fat condition, 
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she may yield milk containing a considerably higher percentage of fat 
than normal, losing markedly in body weight meanwhile.®® This is due 
to her strong dairy temperament, which impels her to withdraw fat 
from her body and put it into her milk. In the case of Holstein-Friesian 
cows the increase in fat percentage during this period may be as great 
as 1 to 2 per cent. Any increase in the case of Guernseys and Jerseys 
is usually much less marked and often there is none at all. 

It is evident that when a cow calves in fat condition, a seven-day 
record of fat production secured shortly after calving may not be a 
reliable index to her yearly yield. For this reason, brief official ad- 
vanced registry tests are no longer sponsored by any of the dairy breed 
associations in this country. 

’ The total yearly yield of fat can be increased by having cows 
calve in fat condition, and breeders feeding cows on advanced registry 
test usually take advantage of this fact. 

‘830. Influence of underfeeding and overfeeding. — It has been 
pointed out^ previously in this chapter that the yearly milk and fat 
yields of many good dairy cows, and the net returns to their owners 
as well, are seriously reduced because they are underfed. They cannot 
be expected to produce efficiently unless they are supplied with the 
proper amount and kind of nutrients. 

If good dairy cows are underfed in the first part of the lactation 
period, they will sometimes maintain their milk flow at a nearly constant 
level for a short time under the most adverse conditions, drawing on 
their bodies for nutrients and losing in weight rapidly. In Missouri 
experiments one cow kept up a normal flow of milk for a month when 
given only as much feed as would have been required to maintain her 
weight when dry.®® When the lactation period has reached a certain 
stage, however, even moderate underfeeding causes a large decline in 
milk flow. 

Underfeeding following a period of liberal feeding may cause a 
marked increase in the percentage of fat in the milk, especially when 
the cow has a surplus store of fat in her body. Underfeeding may also 
produce marked effects on the chemical and physical properties of the 
butter fat. These may or may not change the melting point. It was 
found in Missouri experiments that when the ration of cows during the 
first half of the lactation period was reduced one-half, the percentage of 
fat was temporarily increased, the high point occurring either the second 
or third day after the reduction was made.®’’ As soon as the cows were 
put back on full feed the fat content of the milk fell and went even 
below normal. The amount of milk varied almost directly with the 
amount of feed given. 

Starvation for a few days greatly decreases the amount of milk 
and increases the percentage of fat and other constituents, except sugar, 
which is decreased.®® 

In Missouri experiments to determine the effect of overfeeding 
dairy cows it was found that the most pronounced effect of overfeeding 
(feeding a more liberal ration than is required for the production of a 
normal yield of milk) was that it caused the cow to gain in weight.®® 
Only to a limited extent was the excess food used for the production of 
miUc. Even under the most favorable conditions, a cow seemed unable 
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to increase her milk flow beyond the fixed maximum she had inherited. 
Liberal feeding will sometimes cause a recovery of the milk flow lost 
because of previous poor nutrition, but this recovery is only partial 
even under the best conditions. 

831. Effect of advancing lactation®® and of pregnancy.®^ — ^After 
calving, the milk yield of cows usually increases until it reaches a 
maximum during the second month of lactation. It then gradually 
decreases as lactation advances, the average monthly decrease in well- 
bred herds being about 6 to 7 per cent from the second to the seventh 
month. The monthly rate of decrease varies considerably in individual 
cows, ranging from only 4 per cent or less to 9 per cent or more, 
depending on their persistency of production. After the seventh month 
the rate of decrease is considerably more rapid in cows bred to calve 
with the usual frequency. Cows of the dual-purpose breeds are usually 
less persistent milkers than cows of the special dairy breeds, and their 
monthly rate of decline is more rapid. 

Pregnancy does not materially affect the milk yield until after 
about 5 months, after which it considerably hastens the decline. For this 
reason, separate classifications are provided in the advanced registry 
requirements of some dairy breeds for cows which meet definite calving 
requirements. 

Particularly in the case of cows which are in good flesh at calving 
time, the fat percentage is apt to decline slightly for the first month 
or two after calving. This decrease is apparently most marked in the 
case of Holsteins and Ayrshires. After the second or third month the 
fat content usually increases slightly during the remainder of lactation, 
especially toward the end. Under usual farm conditions there is no 
marked change in richness until toward the end of lactation, when the 
decline in milk yield becomes rapid. 

832. Influence of feed on richness of milk. — If a cow receives 
sufficient nutrients to maintain her body weight and if her ration con- 
tains at least a certain minimum amount of food fat, the percentage of 
fat in her milk cannot be increased very markedly over a long period 
of time by greater or less liberality of feeding or by supplying any par- 
ticular kind of feed. Decided changes in the ration may sometimes 
cause a decided temporary change in the fat content.®^ This effect 
usually lasts only a few days, and sometimes there is no increase in the 
percentage of fat, or even a decrease. 

A temporary increase in the fat content of milk is especially apt to 
result from adding to the ration a considerable amount of certain feeds 
high in fat, such as flaxseed, soybeans, or peanuts, or from feeding 1 
lb. or more per head daily of certain oils, such as linseed oil, cottonseed 
oil, or com oil. Linseed meal, cottonseed meal, or soybean oil meal are 
less apt to produce such an increase, probably because most of the fat 
has been removed. Feeding a considerable amount of whole milk to 
cows that will take it also usually increases both the yield of milk and 
the fat percentage temporarily.®® 

Coconut meal and palm-kernel meal in some tests have apparently 
caused a very slight increase in fat content for a considerable period, 
but in other cases the richness of the milk has not been increased.®* In 
a recent New York experiment the effect of substituting 10 per cent of 
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coconut oil meal and 10 per cent of palm-kemel oil meal for part of 
the more common feeds in a concentrate mixture for dairy cows was 
tested.®® Mixed clover-and-timothy hay and corn silage were fed as the 
roughages in both rations. The feeding of coconut oil meal and palm- 
kernel oil meal produced a very slight increase in the percentage of fat 
in the milk over 5-week periods, but the increase was too small to be of 
much practical importance. 

On the average, the use of these feeds increased the fat percentage 
in the milk only 0.08 per cent and also produced a slight increase in the 
total yield of fat. 

In a series of 7 experiments at the Indiana Station rations contain- 
ing soybeans were compared with rations that did not contain soy- 
beans.®® The fat percentage of the milk was 0.25 per cent higher on the 
rations containing soybeans in these trials. 

In Ohio experiments in which rations very rich in protein were 
compared with rations extremely poor in protein, there was no appre- 
ciable change in the composition of the milk, except a slight increase in 
non-protein nitrogen on the ration very high in protein.®^ 

Cod-liver oil causes a distinct decrease in the fat content of milk 
when as much as 4 ounces per head daily are fed to cows, and menhaden 
fish oil has had a similar effect.®® Feeding a considerable amount of 
prickly pear cactus to cows also seems to lower the fat content.®® 

833. Changes in the character of fat. — While the kind of feed 
does not greatly change the percentage of fat in the milk, in some cases 
the character or nature of the fat is decidedly changed by the feed, 
and this may noticeably affect the hardness of butter.^®® Milk fat is 
made up of several different kinds of pure fats. Some of these, as 
stearin and palmitin, are solid at ordinary temperatures, while others, 
as olein and butyrin, are liquid. Especially if cows are fed a consid- 
erable amount of a feed rich in fat, some of this food fat may pass 
without great change into the milk, thus altering the character of the 
milk fat in a manner similar to the change produced in lard when hogs 
are fattened on certain feeds. (222) 

Feeds rich in vegetable oils (which contain a large amount of olein) 
usually produce milk fat high in olein. This usually tends to make the 
butter softer, for olein is a liquid fat, but in some instances this ten- 
dency is offset by still other changes in the composition of the fat. 

For instance, though the feeding of cottonseed meal, cottonseed, or 
cottonseed oil increases the amount of olein in the butter fat, yet it 
raises the melting point and makes the butter harder. This effect is 
probably due to a decrease in the amount of volatile fatty acids in the 
butter fat, which more than counterbalances the effect of the increase 
in the amount of olein. This effect of the heavy feeding of cottonseed 
meal or cottonseed on butter is of much practical importance in the 
southern states, for it is a cause of hard, crumbly butter. Coconut oil 
meal also increases the hardness of butter. 

The feeding of cows exclusively on alfalfa hay may cause sticky or 
crumbly butter, which can be remedied by adding com silage to the 
ration. Soybeans and rice polish make the butter soft, if they form too 
large a part of the concentrate mixture fed cows. A change from dry 
feed to pasture generally produces milk fat higher in olein and hence 
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causes softer butter. Jerseys seem to produce harder butter than Ayr- 
shires when fed the same rations. 

834. Weather and season of year. — The temperature of the air 
has even a more pronounced effect on the fat content of milk than the 
stage of lactation.^®^ The tendency is for cows of all breeds to give 
richer milk when the temperature falls, and poorer as it rises, at least 
up to 70° F. The fat content may increase as much as 0.08 to 0.15 per 
cent for each drop of 10° P. in temperature. 

Because of the effect of temperature, perhaps combined with the 
effect of humidity, the tendency is for cows to give richer milk in winter 
and poorer milk in summer. In any particular cow this effect may be 
modified by the usual rise in fat percentage which occurs during the 
latter part of lactation. 

If the weather is too hot for the comfort of the cows, it may cause 
a decided reduction in yield of milk, with an increase in the fat content 
and other changes in composition. California experiments show that 
such an effect is produced when cows are kept in an air temperature 
above 85° P. (without the cooling effect of a breeze) for more than 48 
hours.^®^ It was found that during very hot weather the temperature of 
the air in a field of green alfalfa was 10° P. lower than in a dry, open 
corral, because of the cooling effect produced by the evaporation of water 
from the growing plants. Cows kept in this field were much more com- 
fortable during a hot spell than when confined to the dry corral, and 
their body temperature was appreciably lowered. This shows the 
importance of pasture for cows in hot weather. Shade should be pro- 
vided in such pastures, if possible. 

Cooling cows during periods of very hot weather by covering them 
with light muslin cloths kept moist to cause cooling by evaporation, 
overcame the depressing effect of the heat in a Georgia test, with no bad 
effect on health.^*’^ 

High humidity of the air may cause a drop in milk yield, high- 
producing cows being affected more than low producers.^®* It also 
apparently decreases the fat content of milk. 

Exposure to cold rains or other severe weather may cause a serious 
shrinkage in milk flow and a decrease in the fat content. 

The effects upon cows of various stable temperatures and of dif- 
ferences in humidity are discussed further in Chapter XXVI. 

835. Season of freshening.-r-Under the climatic conditions in the 
chief dairy districts of the United States, cows that freshen in fall or 
early winter, if properly fed and cared for, yield more milk and fat 
than those that calve in spring or summer. Pall-fresh cows give a large 
flow of milk in winter and then flush again with the stimulus of pasture 
in spring. In a study of dairy herd-improvement association records in 
this country it was found that cows freshening in fall or early winter 
yielded, on the average, 11 per cent more milk and fat and returned 
11 per cent more income over cost of feed than those freshening in 
spring or summer.^®® However, the relative profitableness of winter 
dairying’^ and ‘^summer dairying^’ will depend on the prices received 
for milk at various seasons of the year and the relative cost of concen- 
trates in comparison with pasture. In the intensive market-milk regions 
near the large cities, winter dairying is most general, while in the less 
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intensive districts far from market, it may be more profitable to produce 
most of the milk on pasture. 

When cows freshen in the fall, more of the work of milking comes 
in the winter when farm work is slack. More time can be given to the 
raising of the calves, and less trouble will be experienced from scours 
than during the summer. Fall-dropped calves are large enough by 
spring to make good use of pasture and better able to stand the hot 
weather. Under this system, moreover, on farms where the milk is 
separated on the farm, a larger supply of skimmilk is available for the 
pigs in winter when it has especial value. 

836. Miscellaneous factors. — Moderate exercise tends to increase 
slightly the percentage of fat in milk and also the yield of fat.^®® For 
this reason and also to provide fresh air and sunshine, it is a sound 
plan in winter to turn cows out of the stable for exercise a part of each 
day when the weather is suitable. Too much exercise, or hard work, 
such as milk cows are often used for in Europe, lowers the yield and 
may decrease the fat content. 

Turning cows to pasture from winter stabling usually increases 
both the yield ot milk and its richness, but after 2 to 4 weeks the per- 
centage of fat falls to normal. Especially when the grass is soft and 
lush, cows lose in weight for a short time when first turned to pasture. 
The temporary increase in percentage of fat may be due to the fact that 
such early spring pasture may be so watery that the cows cannot secure 
from it sufficient nutrients to meet the needs for their production and 
hence are forced to draw on their bodies. Such underfeeding, as has 
been pointed out, usually increases the fat content of the milk, if the 
cows are in a good state of nutrition. 

When abortion occurs instead of normal calving, there is usually a 
considerably lower milk yield than normal. The difference is especially 
great in the case of abortions that occur a considerable time before the 
end of the normal gestation period. Experiments have demonstrated 
that the eradication of contagious abortion, or Bang^s disease, from a 
herd by the use of the blood test decidedly increases the milk yield and, 
of course, results in a much larger number of normal calves. It there- 
fore causes a considerable increase in net return.^®^ 

The period of heat, or oestrum, contrary to considerable popular 
opinion, does not generally have any marked effect on the yield of milk 
or fat. In studies on this question, cows were found, on the average, 
to give 0.6 lb. to 1.5 lbs. less milk on the day of most evident heat, but 
some cows showed no decrease at all.^®® A few nervous cows are affected 
more markedly. 

Grooming cows is, of course, necessary in the production of high- 
quality milk with a low number of bacteria, but it may not increase the 
yield of milk. Grooming cows each day did not increase the yield of 
milk in Vermont trials in which the ungroomed cows were not allowed 
to become filthy, while in German trials grooming increased the yield 
4 to 8- per cent.^®® Grooming cows with a mechanical, vacuum-cleaner 
type of grooming machine caused no increase in yield over hand groom- 
ing in a Connecticut test.^^® 

Dehorning cows causes a small temporary decrease in milk flow 
but is repaid a hundred-fold in commercial dairy herds in the greater 
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comfort of the cows thereafter and the lessening of injuries. From the 
standpoint of dairy efficiency, it is unfortunate that in the case of certain 
breeds, animals without horns are discriminated against in the show 
ring. 

The tuberculin testing of cows has practically no effect on the yield 
of milk or fat. 

Infestation with ticks may cause a serious decrease in yield, even 
when cows are immune to tick fevcr.^^^ Therefore in tick-infested dis- 
tricts cattle should be sprayed or dipped with an arsenical solution, at 
least when heavily infested. Such dipping causes only a very small 
temporary decrease in milk yield.“^ 

Condimental stock foods or tonics are unnecessary in the eflScient 
feeding of dairy cattle. In two Michigan trials there was no benefit 
whatsoever from the addition of a widely-used stock tonic to a simple 
ration of legume hay, corn silage, and a mixture of corn, barley, oats, 
linseed meal and cottonseed meal.^^^ In fact, the feeding of the stock 
tonic according to the directions of the manufacturers caused some of 
the cows to go of£ feed and produced bloating in several cases. 

Certain drugs or hormone extracts are supposed by some dairymen 
to increase the yield of milk or fat. Possibly some unscrupulous per- 
sons have attempted to increase the yields of cows on official test by 
these methods. In most of the tests of such products there has been 
no decided increase in the yield of milk or fat over a 24-hour period.^'^ 
Often, drugging a cow has resulted in a decided decrease in yield 
instead of an increase. 

837. Flavor and odor of milk. — On account of the importance of 
the flavor and odor of milk, numerous studies have been made of the 
effects of various feeds on the palat ability of milk and its products.'^® 
In the case of most feeds which affect the flavor or odor of milk, the 
effect, at least in a well-ventilated barn, is produced chiefly by sub- 
stances carried in the blood from the digestive tract to the udder, and 
not by odors absorbed from the contaminated stable air by the milk. 
Generally, any objectionable effect can be entirely prevented or at least 
greatly lessened by feeding the particular feed only immediately after 
milking. The substances which cause the objectionable flavor or odor 
then largely pass off before the next milking. 

The most marked injury is produced by garlic, onions, the cruciferae 
(including turnips, cabbage, rape, and kale), and certain weeds, includ- 
ing bitterweed {Helenium tenuifolium) and French weed or stinkweed 
{Thlaspi arvense). Green alfalfa, green sweet clover, and legume silage 
may also cause a pronounced flavor if fed within 5 hours before milking. 
Corn silage, green com, green rye, or potatoes may produce a less 
marked effect if fed before milking. Even alfalfa hay may cause a 
noticeable flavor if fed less than 4 hours before milking. When cows 
are first turned to pasture, a grass flavor is at once noticed in the milk, 
but this soon disappears, or else we fail later to notice it. 

Heating the milk to 145° F. and aerating it usually removes much 
of any objectionable feed odor or flavor, and may entirely eliminate 
slight taints. If a pasture is infested with leeks or wild onions, any 
pronounced taint may usually be avoided by grazing the cows on the 
pasture only 2 or 3 hours immediately after milking. 
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Milk which is high in lactose (milk sugar) and low in chlorides 
has the most pleasing taste in general, but it is apparently impossible 
to influence the amount of these constituents by the ration fed. 

Sometimes a cow gives milk which is distasteful, being bitter or 
salty. With few exceptions this occurs only in pows which are far 
along in lactation and also advanced in pregnancy. It rarely happens 
when green feed is supplied. Usually the cow is being overfed on con- 
centrates. This trouble, which is due to an enzyme in the milk that 
acts on the fat, can be prevented by heating the milk, immediately after 
milking, to the boiling point to destroy the enzyme, and then cooling 
it as rapidly as convenient. Reducing the concentrate allowance and 
giving two or three doses of Epsom salts at intervals of 3 days may 
remove the trouble.^^® 

The whole subject of flavors and odors in milk and dairy products 
is greatly complicated by the fact that there is a wide range in the 
ability of different individuals to detect and distinguish them. Flavors 
,and odors plainly evident to one person are unnoticed by another. Often 
odors and flavors charged to feed or cow are due to contamination of 
the milk in the stable or elsewhere, after it is drawn from the cow. 

838. The color of milk and butter fat. — The yellow color of butter 
fat and of yellow-colored milk is due chiefly to the carotene present in 
it. It has been shown previously that the carotene content of butter 
fat and of milk depends on the amount of carotene in the ration the 
cows receive and also on the breed of cow.^^^ (189) If a ration low in 
carotene is fed to cows for a long period, the butter fat will have but 
little yellow color, even in the case of Guernseys and Jerseys. It will 
also be very low in vitamin A. 

The milk and butter fat produced by Guernseys and Jerseys fed a 
ration rich in carotene will have a pronounced yellow color. This is 
not because cows of these breeds assimilate more carotene from their 
feed, but because they change less of it into colorless vitamin A than do 
cows of the other common breeds. 

Milk has the maximum yellowness when the cows are on excellent 
pasture, for this supplies a great abundance of carotene. During the 
bam-feeding period the liberal feeding of green-colored hay and of silage 
high in carotene will aid in maintaining yellowness of color and also a 
high vitamin A value in the milk. (188) 


QUESTIONS 

1. Compare the efficiency in the production of human food by dairy cows and by 

beef steers. 

2. What do dairy herd-improvement association records show concerning the relative 

income above feed cost from high-producing cows and from low producers? 

3. Why are high producers more efficient than low producers in converting feed into 

milk? 

4. Why does scanty feeding reduce the efficiency of cows of high productive capacity ? 

5. Discuss the returns from purebreds and from high grades in dairy herd-improve- 

ment association herds. 

6. Discuss the importance of records of production in the building up of a profitable 

dairy herd. 
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7. What are dairy herd-improvement associations; dairy record clubs? 

8. Tell about the results that have been secured in experiments in which purebred 

bulls have been used to develop a good herd from scrubs. 

9. State 5 nutrient requirements of dairy cows for efficient production. 

10. Why must feeding standards recommend slightly greater amounts of nutrients 

than dairy cows actually require? 

11. How much digestible protein and how much total digestible nutrients should be 

provided for maintaining a 1,000-lb. dairy cow? 

12. Discuss the amount of protein required by dairy cows for milk production. 

13. Show by an example how the protein content of the concentrate mixture for 

dairy cows should depend on the protein content of the roughage. 

14. About what percentage of protein should a concentrate mixture contain for feed- 

ing with good mixed clover-and-timothy hay and corn silage? 

15. Discuss quality of protein in dairy rations. 

16. Discuss the fat requirements of dairy cows. 

17. Why is a range indicated in the amounts of total digestible nutrients recom- 

mended in the Morrison feeding standards for milk production ? 

18. Discuss the feeding of dairy cows chiefly or entirely on roughage. 

19. Tell about the Indiana demonstration which showed that it pays to feed good 

cows liberally. 

20. Under what conditions may it be economical to restrict the amount of roughage 
fed dairy cows? 

21. What is the relative value per pound of good hay and of a good concentrate 

mixture for milk production? 

22. Under what specific conditions should a phosphorus supplement be added to the 

rations of dairy cows? 

23. When would you add a calcium supplement to dairy rations? 

24. Discuss the losses and storage of calcium and phosphorus by dairy cows. 

25. What results have been secured when calcium and phosphorus supplements have 

been added to good dairy rations? 

26. What are the salt requirements of dairy cows? 

27. Discuss the vitamin requirements of dairy cows. 

28. Discuss the use of mineral or vitamin supplements to prevent breeding troubles. 

29. Discuss the water requirements of dairy cows, considering; (a) amount required; 

(b) use of drinking bowls. 

30. Discuss the grinding of grain for dairy cows; the chopping or grinding of hay. 

31. About how much fat, protein, lactose, and mineral matter does cows^ milk contain? 

32. How does the first-drawn milk differ in composition from that drawn later ? 

33. What is the effect of an unequal length of time between milkings upon the com- 

position of milk? 

34. Discuss the effects of the following upon yield and composition of milk: (a) Age 

of cow; (b) weight of cow; (c) condition of flesh at calving; (d) under 
feeding; (e) advancing lactation; (f) pregnancy. 

35. Discuss the influence of feed upon the richness of milk; upon character of the 

fat in milk. 

36. Discuss the effect of weather and season of the year on milk composition and 

yield. 

37. What are the advantages of the fall freshening of cows? 

38. Discuss the effects on yield or composition of milk of the following: (a) Exer- 

cise; (^) turning cows to pasture; (c) abortion; (d) period of heat; (e) 
grooming; (f) dehorning; (g) infestation with ticks; (h) condimental stock 
foods or tonics; (i) drugs and hormone extracts. 

39. What feeds affect the flavor or odor of milk? How may the trouble be largely 

avoided? 
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CHAPTER XXV 

FEEDS FOR DAIRY COWS 

I. Grains and Other Concentrates Low in Protein 

839. Economical rations necessary for profits. — Numerous studies 
of the cost of milk production, conducted by the experiment stations and 
other agencies, have shown that on many farms, even where well-bred 
cows are kept, milk is produced at little or no profit to the owner. Yet, 
by a wise selection of feeds and intelligent and economical feeding, other 
dairymen secure good profits from cows no better. This shows em- 
phatically that the feeding of the herd must be given most careful study 
and the system of farming so planned that a ration well-balanced in 
nutrients and otherwise satisfactory may be furnished at minimum 
expense. 

To provide an efficient and economical ration for dairy cows, it is 
necessary to know the advantages and limitations of the various feeds 
that may be available and their actual relative values for milk cows. 
This chapter therefore presents detailed information on the feeds com- 
monly used for this purpose. Data are given in Part II on the com- 
position and values of the less common feeding stuffs. In Appendix 
Table VII many different concentrate mixtures are suggested, which are 
adapted for feeding with various combinations of roughage and which 
are suited to the conditions in various parts of this country. 

It will be noted in this chapter that there is no one ‘‘best ration*^ 
for dairy cows. On the other hand it is shown that there is a wide 
opportunity to substitute one feed for another in a ration, if the sub- 
stitution is made intelligently. For example, all the grains are satis- 
factory for dairy cows, when used as advised in this chapter. Also, 
many different protein supplements can be successfully used to balance 
the ration, when their specific characteristics are taken into considera- 
tion. Likewise, several kinds of legume hay are excellent for dairy 
cows. If, unfortunately, no legume hay can be provided economically, 
grass hay can be made a satisfactory roughage, providing it is grown 
on well-fertilized land, cut early, and cured properly. It is also shown 
that while silage is an excellent dairy feed, it is not necessary for ef- 
ficient production, if the cows have an abundance of other high-quality 
roughage. 

On account of this wide choice of satisfactory feeds, a dairyman 
will find it highly profitable to study his feeding problems carefully and 
to determine just what combination of feeds will be most efficient and 
economical under his local conditions. In doing this he should lay aside 
any prejudices in favor of certain feeds or certain rations. He should 
be guided solely by the results of the numerous experiments that have 
been conducted to secure definite and accurate information on the 
feeding of dairy cattle. 
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840. Indian corn. — Throughout the corn belt Indian corn is 
usually the cheapest low-protein concentrate for the dairy herd. Com 
is very palatable to dairy cows and can satisfactorily form a large part 
of the concentrate mixture, for it is rich in digestible carbohydrates and 
fat, which are needed in large amounts for milk production. In using 
corn as the chief concentrate, it is important to see that the deficiencies 
which have been discussed in Chapter XVII are fully corrected. 
(508,512) Legume hay, especially alfalfa hay, admirably makes good 
these lacks, except that legume hay is not rich in phosphorus. 

Since corn is a heavy feed, most dairymen prefer to feed it as only 
part of the concentrate or grain mixture, mixing ground corn with such 
bulkier feeds as wheat bran or ground bats. (911) 

When cows are fed a reasonable quantity of hay that is cured fairly 
well, there is probably no difference in the value of white com and yellow 
com, for the hay will furnish an ample amount of vitamin A, which 
white com lacks. 

841. Com requires supplement. — The poor results which follow 
when corn is fed in an unbalanced ration are shown in a trial at the 
Illinois Station* in which one lot of cows was fed for 131 days on com 
as the only concentrate, with timothy hay, com silage, and only a small 
amount of clover hay as roughage.^ Another lot was fed a well-balanced 
ration of clover hay, com silage, and a mixture of ground corn and 
gluten feed. The cows fed the balanced ration produced 47 per cent 
more milk and 39 per cent more fat than those fed the same weight of 
concentrates, and roughages in the unbalanced ration. Also, the cows 
fed the poor ration frequently went off -feed, which further showed the 
deficiencies of the ration. This trial and a similar Maryland experiment 
show the folly of expecting profitable production from unbalanced 
rations.* 

842. Preparation of corn. — Experiments have proved conclusively 
that it pays to grind shelled corn or ear corn for dairy cows.* If cows 
are fed whole shelled corn, as much as 18 to 35 per cent of the grain 
passes through the digestive tract unchewed and with but little digestion 
of the nutrients in these whole kernels. The com should be ground to 
only a medium degree of fineness, for extremely fine grinding is unneces- 
sary and unduly expensive. Merely cracking it is not sufficient to en- 
sure complete digestion. Cows fed corn ground medium-fine in Indiana 
trials digested all but 1 to 2 per cent of the grain, in comparison with 
losses of 5 to 10 per cent for cracked com and 30 to 35 per cent for 
whole com.* 

Shelled corn is chewed thoroughly by calves up to 6 or 8 months 
of age and therefore it is unnecessary to grind it for them.® Heifers 
also chew corn much more thoroughly than do cows. In Michigan 
experiments only 6 per cent of the shelled corn was not masticated by 
calves and 11 per cent by heifers, in comparison with 23 per cent by 
cows.® 

When the concentrate mixture is already reasonably bulky, 100 lbs. 
of com grain fed in the form of corn-and-cob meal are apparently worth 
no more than 100 lbs. of ground com.^ On the other hand, when other 
bulky concentrates are not included in the ration, 100 lbs. of corn-and- 
cob meal may equal or approach in value an equal weight of ground 
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com.® If the cost of grinding ear corn to corn-and-cob meal is less than 
the cost of shelling it and then grinding the shelled corn, it is economical 
to use corn-and-cob meal, even if there are other bulky feeds in the 
concentrate mixture. 

843. Hominy feed. — Hominy feed is similar to corn in composition 
and is equal or slightly superior to it in feeding value for dairy cows. 
It is somewhat bulkier than com, and since it is kiln-dried, it keeps 
better in storage than does ground corn. (619) 

844. Oats. — Oats have a higher value for dairy cows in comparison 
with com than would be expected from their composition, from the 
content of digestible nutrients, and from the results of feeding experi- 
ments with fattening cattle, sheep, and swine. (627-528) Based upon 
practical experience and feeding trials, the value of oats is rated in the 
Scandinavian feed-unit system as only 10 per cent less than that of com, 
and in a trial at the Massachusetts Station, ground^ oats, fed as a large 
part of the concentrate mixture, were equal to the same weight of 
ground corn.® 

Ground oats are very palatable to cows, help to give bulk to a con- 
centrate mixture, and are also somewhat higher than corn in protein. 
Perhaps for these reasons, they are a most popular dairy feed. Experi- 
enced dairymen commonly include them as part of the concentrate 
mixture, unless the price per pound is appreciably higher than that of 
other grains. 

Oats should be ground to a medium fineness or crushed for dairy 
cows. When whole oats are fed there is nearly as great a loss in im- 
masticated kernels passing through the digestive tract as there is in the 
case of shelled com.^® It is not necessary to grind oats for calves up to 
6 or 8 months of age. 

846. Barley. — For many years barley has been a common feed for 
dairy cows in Europe, where it has a reputation for producing milk 
and butter of excellent quality. (550-651) Recently its use for cows has 
become more common in the United States. Ground or rolled barley 
has proved equal to ground com for dairy cows when forming 40 to 
60 per cent of the concentrate mixture in two Wisconsin trials and in 
Arizona and Michigan experiments.^^ 

Some farmers believe that barley tends to dry up cows, but there 
is no sound basis for this opinion.^^ When cows are fed only rolled or 
ground barley and alfalfa hay, there may be considerable trouble from 
bloat, judging from Nevada trials.^® On a mixture of equal parts rolled 
barley, corn, and wheat feed, fed with alfalfa hay, there was no bloating. 

Barley should be ground to a medium fineness or crushed for dairy 
cattle. Too fine grinding is undesirable, as finely-ground barley may 
become pasty in the mouth and consequently unpalatable.^* 

846. Wheat. — Ground wheat is about equ^ to ground corn for 
dairy cows and is an entirely satisfactory feed, even over extended 
periods, if it is fed in a suitable concentrate mixture and in a- properly- 
balanced ration.^® (637) It is considerably higher than com in protein, 
but, like com, it is deficient in calcium. Wheat should be ground, not 
too finely, or rolled for cows, and, since it is a very heavy feed, it is 
best to mix it with some bulky concentrate. On account of its rather 
pasty nature, the best results are probably secured when wheat does not 
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form more than one-third to one-half of the concentrate mixture, 
although it has been fed successfully as the only concentrate, with plenty 
of alfalfa hay for roughage. 

847. Bye, — Bye is often less palatable than the cereals discussed previously 
and had best not form more than 40 to 45 per cent of the concentrates for dairy 
cows. (561) Fed as part of a suitable concentrate mixture, ground rye has been 
equal or nearly equal to ground barley or ground corn for dairy cows.iQ Large 
allowances produce a hard, dry butter, but the butter was satisfactory in a Mon- 
tana trial when rye formed 40 per cent of the concentrate mixture.i^ Bye should 
be ground, not too finely, or crushed, for dairy cows. 

848. — Grain sorghums ; sweet sorghums. — The grain sorghums are 
of great importance to dairymen in the semi-arid Southwest, usually 
being the cheapest concentrates available. (666) They resemble corn in 
composition but arc considerably lower in fat and slightly higher in 
protein. Sorghum grain should be ground for cattle. Kansas tests show 
that more than half of the seed may pass through cows unmasticated 
when the whole grain is fed.^® 

Ground grain sorghum is approximately equal to ground corn for 
dairy cattle*- Ii\ Kansas experiments ground milo was equal to ground 
com for dairy cows, and ground kafir was equal to ground corn for 
dairy heifers and worth only 2 to 4 per cent less for dairy cows.^^ 
Similar results were secured in Arizona and Mississippi tests.^® Con- 
trary to the belief of some farmers, feeding pregnant heifers exclusively 
on sorghum grain, silage, and fodder did not cause abortion in the 
Kansas investigations. 

Seed from the sweet sorghums^ or sorghos, has been considered some- 
what unpalatable for dairy cows and it has been said to have a tendency 
to dry them up. However, in Kansas trials a mixture of 4 parts ground 
sorgo seed, 2 parts wheat bran, and 1 part linseed meal was just as 
palatable and fully as efficient as one containing ground corn in place 
of the sorgo seed.^^ Ground sorgho seed was also satisfactory for dairy 
heifers. Ground sorghum heads gave good results when forming two- 
thirds of the concentrate mixture for dairy cows.^^ 

849. Molasses. — Either cane molasses or heet molasses contains less 
than 60 lbs. of total digestible nutrients per 100 lbs., in comparison 
with about 80 lbs. for corn of the usual grades. On account of this 
lower content of digestible nutrients, when molasses is added to a good 
dairy ration consisting of palatable feeds, it will be worth somewhat less 
than corn, pound for pound. For example, in two Wisconsin trials 
when 10 per cent of cane molasses was incorporated in a mixture of 
palatable concentrates, the milk production was practically the same 
as on the concentrate mixture without molasses. In these trials the 
molasses was worth 89 per cent as much per pound as ground corn.^® 

Molasses may have a decidedly higher value than this when it is 
used as an appetizer to increase the palatability of other feeds. For 
example, it is often diluted and sprinkled over rather unpalatable rough- 
age to induce the cows to eat it with less waste. Primarily due to the 
palatability and appetizing effect of molasses, a considerable proportion 
of the commercial mixed dairy feeds on the market contain 5 to 10 per 
cent of molasses or more. 

To induce cows on official test to consume more feed, molasses is 
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frequently added to their ration, often being added to water in which 
dried beet pulp is soaked. In trials by the United States Department of 
Agriculture with cows heavily fed on official test, molasses thus added 
to a good ration containing corn silage and legume hay slightly in- 
creased the consumption of feed and the production of milk.^^ Except 
from the standpoint of the value of the increased records, the feeding 
of molasses was not economical. 

Cane molasses and heet molasses are equal in value, except that beet 
molasses should not be fed in too large amounts. (641,642) In sugar- 
cane growing sections cane molasses and in the West iDeet molasses are 
often economical substitutes for part of the grain in feeding dairy 
cows.^® It was found in Hawaiian experiments covering a period of 7 
years that when properly supplemented with protein-rich feeds, cane 
molasses could be satisfactorily substituted for one-quarter of the con- 
centrates usually fed dairy cows.^® Though some Hawaiian dairymen 
believed that the continued feeding of considerable amounts of molasses 
would impair the breeding efficiency of the cows, there was no such effect. 

860. Dried beet pulp; dried molasses-beet pulp. — Because of the 
bulky nature of dried beet pulp and its slightly laxative and condition- 
ing effect, this palatable low-protein feed is popular with dairymen, 
especially for cows on official test. (644) As a source of nutrients for 
economical production, it is worth no more per ton than ground corn 
or oats, or even less. However, as a part of the concentrates for cows 
on official test, or when a limited amount is added to a heavy concen- 
trate mixture to provide bulk, it may be worth more per ton than corn.^’' 
Cows on official test are often fed 6 to 10 lbs. of dried beet pulp per 
head daily, well soaked for some hours before feeding with water, to 
which molasses has perhaps been added. 

When silage or other succulent feed is not available, dried beet pulp, 
soaked before feeding, is sometimes used as a substitute, though it is 
usually more expensive than silage.^® Recent trials indicate that for 
ordinary herd feeding and when cows are provided with water in drink- 
ing cups, just as good results arc secured when as much as 8 lbs. per 
head daily of dried beet pulp are fed dry as when it is soaked.^® 

Dried molasses-beet pulp is about equal in feeding value for dairy 
cows to ordinary dried beet pulp.®® Both of these feeds are too bulky 
and too low in total digestible nutrients to serve very efficiently as the 
only concentrate for good dairy cows. They have a considerably higher 
value when mixed with more concentrated feeds.®^ 

861. Other concentrates low in protein. — In addition to the grains 
and other concentrates low in protein that have been discussed in this 
chapter, several other feeds of this kind are suitable for feeding to dairy 
cows and other dairy cattle. These include ground emmer, ground buck- 
wheat, ground rough rice, rice bran, rice polish, brewers^ rice, oat mill 
feed, and such fruit by-products as apple pomace, apple-pectin pulp, 
and pineapple bran. All these feeds and still others have been con- 
sidered in detail in Part II. 

II. Protein-Rich Concentrates 

852. Wheat bran. — Wheat bran is an excellent feed for dairy cows, 
for it is palatable, bulky, slightly laxative, higher in protein than the 
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grains, and rich in phosphorus. (539-541) Indeed, its value for milk 
production seems to be somewhat greater than would be estimated from 
its content of protein and digestible nutrients. Though bran is high in 
phosphorus, it is very low in calcium. 

Bran is usually fed in combination with the grains and with feeds 
higher in protein, such as the oil meals and gluten feed. It has a 
higher value when forming not over one-fourth to one-third of the 
concentrate mixture than when making up a larger part of the ration. 
On account of its laxative effect and its bulky nature, bran is especially 
valuable as a part of the concentrates for cows just before and after 
calving and for those on official test. It is also an excellent feed for 
dairy calves and heifers. Bran and oats are often substituted for each 
other in whole or in part in making up concentrate mixtures for dairy 
cattle. 

853. Wheat middlings or shorts; wheat mixed feed. — Though 
standard wheat middlings or wheat shorts are less commonly fed to 
dairy cattle than is bran, they are entirely satisfactory when forming not 
more than one-third of the concentrate mixture. They are not as bulky 
as bran and not quite so palatable, but they are slightly higher in pro- 
tein and furnish 12 per cent more total digestible nutrients per 100 lbs. 
When standard middlings can be bought for the same price as bran, 
which is occasionally the case, they can with economy be substituted for 
part or all of the bran in a concentrate mixture, unless the bulk of 
bran is desired to lighten up the mixture. 

Wheat mixed feed may be used in place of wheat bran in dairy 
rations and is worth 5 to 10 per cent more a ton for this purpose.®^ 

854. Linseed meal. — Without question, old-process linseed meal is 
one of the most valuable feeds for dairy cows. This high rank is due 
not only to its richness in protein, but even more to its palatability and 
its conditioning and slightly laxative effects, which aid in keeping stock 
thrifty and vigorous. For these reasons, many dairymen include at 
least 5 to 10 per cent of linseed meal in the concentrate mixture they 
feed their cows, even when other feeds, such as cottonseed meal and 
gluten feed, are cheaper sources of protein. Linseed meal is especially 
valuable, due to its laxative and regulating effect, when no succulent 
feed is available or when hay from the grasses or dry corn forage must 
be fed in place of legume hay.* 

This feed, which is highly palatable to cattle, is greatly esteemed in 
fitting animals for show or sale, for it aids in producing finish and 
bloom and in making the hide mellow and the hair silky. It is also 
widely and successfully used as part of the concentrate mixture for cows 
on official test and in preparing cows for freshening. For the latter 
purpose, a popular mixture is equal parts by weight of ground corn or 
hominy feed, ground oats, wheat bran, and linseed meal. Linseed meal 
is just as valuable for dairy calves and heifers as it is for milk cows. 

Because linseed meal furnishes a little less protein than does cotton- 
seed meal, it was of slightly lower value per ton than the latter as a 
source of protein when fed with good-quality roughage in trials at the 
Pennsylvania, Vermont, and North Carolina Stations.®® With roughage 
of poor quality, linseed meal would be worth more per ton than cotton- 
seed meal. Linseed meal tends to produce a soft butter, and therefore 
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may sometimes be advantageously fed in rations which would otherwise 
produce a tallowy product. 

865. Cottonseed meal. — Cottonseed meal is one of the most widely- 
used protein supplements for dairy cows. (681-583) It is well suited 
for this purpose, because it is very rich in protein, the protein is of 
satisfactory quality for ruminants, and the feed is well liked by cattle. 
Cottonseed meal is usually the cheapest source of protein in the southern 
states, and has commonly been one of the most economical protein sup- 
plements in the North. 

The experiments summarized in Chapter XVIII have proved that 
when sufficient high-quality hay or good pasturage is provided, cattle 
over 3 or 4 months of age may safely be fed large amounts of cottonseed 
meal for long periods. (583) Such roughage makes good the lack of 
vitamins (especially vitamin A) and of calcium in the cottonseed meal 
and in most other concentrates. 

In some of these experiments dairy cows have even been fed an aver- 
age of 10.3 lbs. of cottonseed meal per head daily as the sole concentrate 
for 3 years, with good-quality prairie hay as the only roughage. In 
other tests cows have been fed 9 lbs. of cottonseed meal per head daily, 
with high-quality timothy hay, corn silage, and com grain. Some high- 
producing cows were fed as much as 17 lbs. of cottonseed meal a day for 
several months, without any injury. Contrary to the opinion some- 
times expressed, such heavy feeding of cottonseed meal did not increase 
the tendency to mastitis in the cows, or make the trouble more severe 
in the case of cows affected with the disease. 

VJ’hile cottonseed meal is not quite so palatable as linseed meal, it 
is well liked by cattle. Since cottonseed meal does not have the condi- 
tioning effect of linseed meal, many dairymen prefer to use both of these 
feeds as sources of protein in a concentrate mixture, rather than to use 
cottonseed meal as the only supplement. Wheat bran is also an excellent 
feed to use along with cottonseed meal. Even though the cost may be 
increased by furnishing this greater variety, the practice may be pref- 
erable, especially for cows of high productive capacity. 

Cottonseed meal has commonly been believed to have a somewhat 
constipating effect, but when fed with good roughage in Michigan and 
Texas experiments, it did not have this effect.^^ If cottonseed meal or 
cottonseed forms too large a part of the concentrates fed cows, the butter 
is apt to be hard, sticky, and tallowy.^® Also, an abnormally long time 
is required for churning. This effect is reduced when the cows have 
silage or pasture. In Oklahoma experiments the milk from cows fed 
exclusively on cottonseed meal and prairie hay was slightly lower than 
normal in percentage of fat and also lower in percentage of solids- 
not-fat.^® 

In Indiana trials choice cottonseed meal was compared with linseed 
meal and with gluten feed as a supplement to a ration of ground com, 
corn silage, and either alfalfa or soybean hay.®^ The amount of each 
supplement was adjusted so that all rations furnished the same amount 
of protein. Relatively small amounts of the supplements were required 
to balance these rations, w^hich were already fairly high in protein, 
due to the legume hay. The production of milk and of butter fat was 
just a trifle higher when the cottonseed meal was fed, but with the 
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different supplements there was no consistent difference in the amount 
of feed required for 100 lbs. of milk or for 1 lb. of butter fat. 

In a Virginia trial it was found that the relative amount of di- 
gestible crude protein contained in cottonseed meal and in gluten meal 
was a fair measure of their feeding value.^® In a Mississippi trial it was 
concluded that 1 lb. of cottonseed meal was worth as much as 1.5 lbs. 
of wheat bran for dairy cows.®® 

856. Corn gluten feed. — Corn gluten feed is one of the most 
common protein-rich dairy feeds, and it gives excellent results when 
properly fed. (523) It furnishes only about three-fourths as much 
digestible protein as does linseed meal, and a correspondingly larger 
amount is therefore needed to furnish a given amount of protein. Con- 
sequently, gluten feed is worth somewhat less per ton than linseed meal 
or cottonseed meal. Gluten feed is not especially palatable to most cows, 
and should therefore be mixed with such feeds as ground corn, ground 
oats, or wheat bran. 

Since gluten feed is a corn by-product, the protein is unbalanced 
in nature^ like that of corn. Therefore, gluten feed gives the best results 
when combing with other protein-rich feeds which supply protein of 
better quality, such as linseed meal, cottonseed meal, soybeans or soy- 
bean oil meal, or wheat bran. If cows are fed an abundance of good 
legume hay to make good the deficiencies of the corn protein, gluten 
feed can be used satisfactorily as the chief protein-rich supplement, 
though more variety of protein-rich feeds is generally preferable. (148) 

Gluten feed and linseed meal were compared as the only protein 
supplements to a ration of ground corn, corn silage, and alfalfa or soy- 
bean hay in an Indiana trial, the amounts of gluten feed arid linseed 
meal being adjusted so as to furnish the same quantity of protein.^® 
When thus fed with legume hay, there was no appreciable difference in 
the production on these supplements. 

857. Corn gluten meal. — Corn gluten meal supplies slightly more 
digestible protein than does cottonseed meal of the 43-per-cent-protein 
grade, and it is a very satisfactory feed for dairy cows, when fed in 
proper combination. (524) Since it does not contain the corn bran, it 
is much heavier than gluten feed and hence is usually combined with 
bulky feeds. Just as in the case of gluten feed, one should remember 
that the protein of gluten meal is corn protein and of unbalanced nature 
when forming too large a proportion of the protein in the ration. 

858. Soybeans. — Ground soybeans furnish protein of excellent 
quality to make good the deficiencies in the proteins of the grains, and 
they are equal to linseed meal as a protein supplement for dairy cows. 
In trials in which these two feeds have been compared, there has been 
but little difference in the results, the value of ground soybeans averag- 
ing fully as high as that of linseed meal.*^ Ground soybeans have proved 
slightly superior to cottonseed meal.*® 

Soybeans are well liked by dairy cattle and have a slightly laxative 
effecj: when fed in such amounts as are needed to balance ordinary 
rations. If they form more than one-fourth to one-third of the concen- 
trates, the ration may be too laxative and also less palatable, doubtless 
due to the high oil content of the soybeans. When only enough soy- 
beans are fed to balance the ration, the quality of the butter is not 
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injured, but if they form more than one-fourth of the concentrates, soft 
butter may result/® Because of the high fat content of soybeans, they 
may cause a slight increase in the fat percentage of the milk. (832) 

869. Soybean oil meal or cake. — This palatable feed, containing 
over 40 per cent of protein of excellent quality, is one of the best protein 
supplements for dairy cows. (596) Its value has averaged fully as high 
as that of linseed meal, cottonseed meal, or ground soybeans in com- 
parisons which have been made of these feeds.^* Because most of the 
oil has been removed from soybean oil meal, it does not affect the hard- 
ness of butter. 

But little information is available concerning the relative values 
of soybean oil meal made by the hydraulic process, by the expeller 
process, and by the solvent process. The latter is very low in fat but 
is richer in protein than soybean oil meal made by the other methods. 
When the other feeds in the ration are low in fat, soybean oil meal made 
by the hydraulic process or by the expeller process is desirable, in order 
to provide a sufficient amount of fat in the ration to make possible the 
maximum production of milk and butter fat. (803) In tests at the 
Indiana Station hydraulic process soybean oil meal was slightly more 
valuable than that made by the solvent process.^^ 

860. Brewers’ dried grains; brewers’ wet grains. — ^Brewers’ dried 
grains are used chiefly for feeding dairy cattle and are often a very 
economical protein supplement for them. Though they are about as 
bulky as wheat bran and supply less total digestible nutrients, they 
have nearly as much digestible protein as does com gluten feed. 
Brewers’ dried grains are not very palatable to cattle, but they give 
very satisfactory results when forming not more than about one-third 
of a concentrate mixture which consists chiefly of well-liked feeds. Be- 
cause of their bulk, they are especially useful when the other concen- 
trates are heavy in nature. 

Except when protein supplements cost no more than carbohydrate- 
rich feeds, brewers’ dried grains are worth somewhat more than wheat 
bran, because they are much higher in protein.^® They are considerably 
less valuable than corn gluten feed, due to their lower content of total 
digestible nutrients. 

The value of brewers^ wet grains has been discussed in Chapter 
XVII. (556) 

861. Distillers’ dried grains. — Distillers’ corn dried grains are a 
popular protein supplement for dairy cows and are a favorite ingredient 
in concentrate mixtures for cows on official test. (648) Though they are 
nearly as bulky as wheat bran, they rank above corn gluten feed in 
content of digestible protein and of total digestible nutrients. Since a 
good grade of distillers’ corn grains should have 9 per cent or more fat, 
they are especially valuable when the other feeds in the ration are rather 
low in fat. 

Distillers’ corn dried grains were slightly superior to corn gluten 
feed in a Massachusetts trial, and they ranked above brewers’ dried 
grains in a Vermont test.^^ 

Distillers’ rye dried grains are much less valuable than the corn 
grains, as has been shown in Chapter XIX. (648) Some of the dis- 
tillers’ grains sold as distillers’ corn grains are, unfortunately, not up 
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to the usual standard for this feed. Distillers^ grains should therefore 
be bought on definite guarantee of composition and only from a reliable 
manufacturer or dealer. 

862. Tankage; meat scraps; fish meal. — Tankage and meat scraps 
are not commonly used for dairy cows. However, they are satisfactory 
for this purpose when they furnish protein fully as economically as do 
the protein supplements of plant origin. (626-629) In a Massachusetts 
experiment there was no difiiculty in getting cows to eat a concentrate 
mixture containing 17 per cent tankage, and the tankage did not affect 
the flavor or odor of the milk.^® Similar results were secured in an Iowa 
test in which a concentrate mixture containing 8 per cent tankage was 
used for dairy cows, but in a Minnesota trial a mixture containing a 
small proportion of meat scraps was not palatable.*® 

It has been mentioned in Chapter XIX that very satisfactory results 
were secured in Ohio experiments in which an all-purpose protein sup- 
plement that included meat scraps has been used for dairy cows. (629) 

The use of fish meal for dairy cows has been discussed in Chapter 
XIX. (636) 

863. Othef protein-rich feeds. — In addition to the protein-rich 
feeds most commonly used for dairy cows in this country, which have 
been discussed in this chapter, many others may be used satisfactorily 
for this purpose when available at economical prices. Included in this 
list are buckwheat middlings, rye feed, malt sprouts, corn oil meal, 
com germ meal, field peas, cull beans, cowpeas, velvet beans, coconut oil 
meal, peanut oil meal, palm-kernel oil meal, sesame oil meal, sunflower- 
seed oil meal, and skimmilk. The composition and uses of these various 
feeds are discussed in Part II of this volume. 

III. Legume Hay 

864. Value of legume hay for dairy cows. — The outstanding ex- 
cellencies of legume hay have been pointed out in Chapter XIII. 
(358-365) The nutritive merits of legume hay are of especial value in 
feeding dairy cows. This is due to their need for liberal amounts of 
high-quality protein and of calcium to produce a large yield of milk, 
and to their need for rations rich in vitamins A and D. Legume hay 
is so important in efficient and economical milk production that usually 
the dairyman who fails to grow it in abundance seriously reduces his 
net income. 

On most farms in the United States Indian corn or the sorghums 
provide the cheapest, most abundant, and most palatable carbohydrates 
the farmer can produce, but they fall short in furnishing protein, so 
vital in milk production. Happily, at least one of the legumes — alfalfa, 
clover, cowpehs, soybeans, vetch, etc. — can be grown on almost every 
American farm to correct the deficiency. The dairyman who grows 
great crops of corn or sorghum for grain and silage should also have 
broad fields of clover, alfalfa, or some other legume to help round out 
the ration. 

It must be borne in mind that the value of any legume hay, even 
that from alfalfa or red clover, varies widely, depending chiefly on 
whether it is well cured and on the proportion of leaves to stems. 
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Poorly-cured legume hay with but few leaves may be little better than 
ordinary timothy hay for daily cows and inferior to well-cured, early- 
cut timothy hay. The range in actual value is greatest in the case of 
such hay as sweet clover or soybean, which is often coarse and stemmy. 

When one is fortunate enough to have for his cows an abundance 
of alfalfa hay, rich in protein, it is especially important to scrutinize 
the concentrate or ‘‘grain’’ mixture he is feeding to see if it does not 
supply more protein than is necessary or advisable. 

865. Legume hay makes possible ef9cient home-grown rations. — 
Alfalfa hay is so rich in protein that when cows are fed all they will 
clean up, in addition to plenty of com silage and such a grain mixture 
as equal parts of ground corn and oats, the ration will be adequately 
balanced in protein content for animals producing somewhat more than 
1 lb. of butter fat daily. It is pointed out in the preceding chapter that 
such home-grown rations may be too low in phosphorus for efficient 
milk production, and therefore a phosphorus supplement, like bone meal 
or wheat bran, should be added. 

Dairy cows yielding 1.25 lbs. of fat or more per head daily remained 
in nitrogen balance, losing no protein from their bodies, in metabolism 
experiments by Hart and Humphrey at the Wisconsin Station when 
fed a ration of alfalfa hay, com silage, and grain.®® On the other hand, 
they lost protein when clover hay, lower in protein than alfalfa, was 
substituted for the alfalfa hay. 

In two Wisconsin experiments by the author and associates, dairy 
cows produced as much milk and butter fat on a home-grown ration 
consisting of an abundance of alfalfa hay and corn silage for roughage, 
with a grain mixture of only ground com and oats, as when a mixture 
of half linseed meal and half cottonseed meal was substituted for part 
of the com and oats.®^ The average production on this home-grown 
ration was 27.6 lbs. of 3,5 per cent milk daily. The nutritive ratios of 
the home-grown ration were 1 :6.8 and 1 :7.i in the two experiments, 
showing that it supplied enough protein to meet the recommendations 
of modern standards for cows of such production. Like results have 
been secured in similar trials at other stations.®^ 

For cows producing much over 1 lb. of fat daily, a limited amount 
of protein-rich concentrates should be fed, even when an abundance of 
alfalfa hay is fed with com or sorghum silage. Obviously, if a liberal 
amount of good alfalfa hay is fed as the only roughage, with no protein- 
poor roughage like corn silage, the amount of protein furnished by the 
large amount of alfalfa hay will be much greater. The supply of pro- 
tein will then be ample, even for high-producing cows, when farm grains 
are fed as the only concentrates. For example, a cow fed only alfalfa 
hay and ground corn in an Ohio trial produced 11,276 lbs. of milk 
and 351 lbs. of fat in a year.®® 

866. Wasting protein supplements with legume hay. — Often when 
dairymen who have been growing but little legume hay change their 
cropping practices and provide their cows with an abundance of good 
legume hay, they fail to reduce the amount of protein supplements in 
the concentrate mixtures they feed. For example, in the northeastern 
states many dairymen have continued to feed concentrate mixtures con- 
taining as high as 20 to 24 per cent total protein after they have pro- 



536 


FEEDS AND FEEDING 


vided their cows with plenty of alfalfa hay. Since protein supplements, 
such as linseed meal and cottonseed meal, are usually higher in price 
than the cereal grains or other low-protein concentrates, this is then 
decidedly uneconomical. The cows would produce just as much milk 
and fat if only sufficient amounts of protein supplements were fed to 
balance the ration according to the recommendations of modern feeding 
standards. 

Certain fS,rm-survey data have been said to show that dairymen 
who feed an abundance of alfalfa hay secure larger milk production 
and greater net returns when they feed concentrate mixtures just as 
high in protein as they would use with low-protein hay.®^ From the 
standpoint of the fundamentals of animal nutrition this conclusion 
does not seem correct. The higher production secured by the farmers 
who fed high-protein concentrate mixtures when also supplying an 
abundance of alfalfa hay was doubtless a result of their being better 
dairymen, on the average, than the men who fed concentrate mixtures 
lower in protein. They took such pains with their cows that they fed 
high-priced, protein-rich mixtures, believing that they were thereby 
giving their covs the best feed possible. Naturally such men would be 
apt to have high-producing cows and would take excellent care of them. 

The experiments just reviewed, as well as our general knowledge 
of the protein requirements of dairy cows, show that these good dairy- 
men would have secured just as high production and would have 
obtained greater net returns if they had fully appreciated the richness 
of alfalfa hay in protein and had changed their feeding methods 
accordingly. 

Even with good mixed hay for roughage, smaller amounts of pro- 
tein supplements are needed than have been fed by many dairymen, 
especially in the eastern states. This is shown clearly by the experiments 
at the New York (Cornell) Station, which have been reviewed in the 
preceding chapter. With mixed clover-and-timothy hay containing 30 
to 50 per cent clover and corn silage for roughage, good cows gave 
practically as much milk and fat on a concentrate mixture containing 
only 16 per cent total protein as on concentrate mixtures containing 
20 to 24 per cent protein. (801) With pure clover hay instead of 
mixed hay, still less protein is needed in the concentrate mixture. 

867. legume hay makes possible saving of concentrates. — When 
cows are fed all the good legume hay they will consume, they will eat 
considerably more than they will of such roughage as ordinary-quality 
timothy hay or corn fodder. They will therefore get from the legume 
hay a larger proportion of the nutrients they need, and consequently 
will need less grain and other concentrates for a given amount of milk. 

The saving of concentrates made possible by feeding plenty of 
legume hay has been proved in several experiments. For example, in 
a trial at the Ohio Station, cows full-fed on alfalfa hay and corn silage, 
with only 5.9 lbs. of ground com in addition, yielded about as much 
as others fed 9.3 lbs. of concentrates (cottonseed meal, wheat bran, and 
com “ttieal) with com stover and com silage for roughage.®® 

Since the question as to how much grain or other concentrates 
should be fed to dairy cows under various conditions is one of the most 
important problems for a dairyman, it has been discussed in detail in 
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the previous chapter. (804-809) It has there been shown that when 
cows are fed no concentrates at all, but only all the high-quality legume 
hay they will eat, either with or without corn or other silage, they will 
produce fair amounts of milk. 

Such a system may be the most profitable in such areas as certain 
alfalfa districts of the West, where alfalfa hay supplies nutrients much 
more cheaply than do the grains or other concentrates. On the other 
hand, in the com belt and eastward it generally pays best to supply 
cows of good productive capacity with suflScient concentrates, in addi- 
tion to roughage of the best quality, so that their nutritive requirements 
will be fully met. Only then can the high levels of production be main- 
tained that are most profitable under such conditions. 

868. Legume hay as the only roughage. — Legume hay gives sat- 
isfactory results when fed as the only roughage during the usual winter 
feeding period. However, some experienced dairymen prefer to feed 
other roughage in addition, for cows seem to prefer such a combination 
as alfalfa hay and mixed clover-and-timothy hay or alfalfa hay and 
corn silage to alfalfa hay fed continuously as the only roughage. 

869. Alfalfa hay. — Good alfalfa hay is unexcelled as a dry rough- 
age for dairy cows, on account of its large yield, its palatability, its 
high content of protein, its richness in calcium, and its superiority in 
vitamins A and D. (373) Because of these excellencies, if good cows 
have an abundance of well-cured alfalfa hay as part of a balanced ration, 
they will produce a high yield of milk and will need less grain and other 
concentrates than when less palatable and efficient roughage is fed. 

The experiments reviewed previously show that alfalfa hay is so 
rich in protein that a ration consisting only of this hay, fed with corn 
silage and such a mixture as ground corn and oats, supplies sufficient 
protein for cows producing 1 lb. of butter fat daily. (865) Cows of 
greater productive capacity should receive a small amount of protein 
supplements in addition. 

If cows are fed grain and all the good-quality alfalfa hay they will 
eat, with no non-legume roughage like corn silage, they will eat much 
more alfalfa than when they have both alfalfa and a non-legume rough- 
age. The ration will therefore provide an abundance of protein for all 
cows, except perhaps for those producing an unusually large amount 
of milk. The extravagance of feeding protein-rich concentrate mix- 
tures with an abundance of alfalfa hay has been pointed out previously. 
( 866 ) 

It has been shown in the previous chapter that it is wise to add 
a phosphorus supplement to a ration of grain and alfalfa hay, with or 
without corn or sorghum silage, but without any protein supplement, 
unless the roughage has been grown on soil rich in phosphorus. (812) 

Recent investigations have shown that when alfalfa hay is fed 
less than about 4 hours before milking time, the flavor of the milk 
may be impaired.®® The effect is greater when a large amount of alfalfa 
hay is used, and is most marked when the hay is fed less than 2 hours 
before milking. The hay should therefore be fed after milking, instead 
of before. When cows are fed nothing but alfalfa hay, the butter may 
be undesirably hard.®^ This condition can be corrected by adding com 
silage to the ration. 
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Early-cut alfalfa hay is usually more palatable to dairy oattle and 
is worth more than late-cut hay.®® The relative values of various cut- 
tings of alfalfa hay and of brown alfalfa hay have been discussed in 
Part II. (372, 333) In general, the leafier the hay is, the higher is 
its value. (376) 

The value of alfalfa leaves is illustrated in a Michigan trial.®® A 
mixture of alfalfa leaf meal, ground oats, and ground hulled oats, fed 
with alfalfa hay and silage, produced as much milk as the usual type 
of concentrate or grain” mixture, consisting of com, oats, wheat bran, 
linseed meal and cottonseed meal. 

The value of good alfalfa hay for dairy cows is not usually in- 
creased appreciably by cutting or grinding it. This has been shown by 
the experiments reviewed in the previous chapter. (820) 

870. Feeding alfalfa hay alone or as the only roughage. — In some 
sections of the West alfalfa hay is so much cheaper than other feeds 
that dairy cows are fed only alfalfa hay during the winter and some- 
times even throughout the year, perhaps with green alfalfa soilage or 
alfalfa pasturage in addition during the summer. Such a ration is too 
bulky and“lbw*in digestible nutrients for high production and is also 
very high in protein. Reproductive troubles have been attributed to 
this ration, but investigations at western stations indicate that the 
excess of alfalfa hay and of protein is not usually responsible for such 
troubles, but that they are commonly due to contagious abortion.®^ 

Whether or not it will be most economical to feed only alfalfa hay 
to good cows in such districts, will depend on the relative price of 
alfalfa and other feeds and also on the price received for the milk, 
as has been pointed out in the previous chapter. (806) Adding corn 
or sorghum silage to the ration may sometimes be more profitable than 
adding grain. 

It is pointed out later that when cows are fed alfalfa hay as the 
only roughage throughout the entire year, without any pasture or other 
green feed, they may tire of the alfalfa and produce decidedly better 
results when fed some other roughage in addition, even grass hay of 
ordinary quality. (882) 

871. Alfalfa meal; alfalfa-molasses meal. — The relative value of 
alfalfa meal and wheat bran for dairy cows has often been discussed. 
Since alfalfa meal contains about three times as much fiber as wheat 
bran and supplies only three-fourths as much total digestible nutrients, 
we would hardly expect it to equal bran in feeding value as a source of 
digestible nutrients. In nearly all the trials where these feeds have 
been compared for dairy cows, wheat bran has had a higher value per 
ton.®^ Probably if no legume hay was otherwise available, a moderate 
amount of high-quality alfalfa hay in the ration would be fully as valu- 
able for high-producing cows as the same weight of wheat bran. This 
would be due not to its content of digestible nutrients, but to other 
virtues of good alfalfa hay — ^its richness in calcium and in vitamins 
A and D. 

'Alfalformolasses meal is sometimes fed to dairy cows, especially in 
the West, as a substitute for part of the concentrates or in place of 
hay. It is very palatable but is not worth much more than good-quality 
alfalfa hay. In an Arizona trial alfalfa-molasses meal was worth 37 per 




Contented Cows with Mangers Full of Alfalfa Hay 
Alfalfa hay is unexcelled as a roughage for dairy cows, because it is not only high 
in protein and rich in lime, but also because it is exceedingly palatable. The farmer 
who provides alfalfa for his herd can save much purchased concentrates. 



Red Clover for Hay and Corn for Silage Mean Profits 
The dairyman who has an abundance of clover or alfalfa hay and plenty of corn 
for silage has the foundation of an economical, efficient ration for his herd. (From 
Wisconsin Station.) 



Soybean Hay Is a (tOod Si bstitttte eok Alfalfa ok Ci.o\fk 

Soybeans are especially nsefnl as an eniergcaioy hay crop for dairy cows wlu'n 
alfalfa or clover winterkills, 'riaw are also ^rown r('^iil:ii‘l\' for ha.\' l)\’ many 
dairymen. 



Sweet Clover Is an Excellent Temporary Pasture Crop 
Sweet clover has been used with success on thousands of farms as a tem- 
porary pasture for dairy cows. With a good stand on fertile soil it will carry 
more than a cow to the acre. 
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cent more than rather stemmy and weedy alfalfa hay, of which the cows 
refused 20 per cent.®* 

872. Clover hay. — Hay from the clovers, cut while yet in bloom, 
is one of the best roughages for dairy cows and other dairy cattle. By 
the use of clover hay — red, alsike, or crimson — ^the dairyman may 
reduce the amount of concentrates needed to supply a well-balanced 
ration in the same manner as in the case of alfalfa hay. Cutting or 
grinding clover hay of good quality for dairy cattle is usually not 
economical. (820) 

When cows are fed concentrate mixtures containing no more pro- 
tein than they actually require, pure clover hay is worth somewhat less 
per ton than alfalfa hay of the same quality, because clover hay is 
usually considerably lower in protein content than alfalfa hay. With 
clover hay a greater amount of protein supplements must therefore be 
used to balance the ration. This was shown clearly in the metabolism 
trials at the Wisconsin Station which have been previously reviewed. 
(865) 

Since clover hay slightly surpasses alfalfa in amount of total di- 
gestible nutrients and net energy, we should expect that the milk pro- 
duction would be just as high on clover hay as on alfalfa, when an 
abundance of protein is furnished by the other feeds in the ration. 
On the other hand, the production should be less on clover than on 
alfalfa, if the ration is somewhat deficient in protein. 

Red clover hay was compared with alfalfa hay for dairy cows in 
4 trials at the Ohio Station, in which these hays were added to com 
grain or corn grain and wheat bran, with com silage or silage and 
com stover for roughage.®* The clover rations had nutritive ratios 
ranging from 1 :8.5 to 1 :8.8, in comparison with 1 :6.8 to 1 :7.3 for the 
alfalfa rations. The clover rations therefore provided somewhat less 
protein than is commonly recommended. The alfalfa-fed cows had 
better appetites, consumed somewhat more feed, maintained their live 
weights better, and yielded 9.3 per cent more milk and 7.5 per cent more 
fat. In a trial at the Pennsylvania Station®* cows fed clover hay pro- 
duced 6.5 per cent less milk than those receiving alfalfa hay. 

873. Mixed legume-and-grass hay. — Early-cut mixed clover-and- 
timothy hay, mixed alfalfa-and-timothy hay, or other similar mixed hay 
is excellent for dairy cows, if it contains a considerable proportion of 
legumes and if it is well cured. (364, 368, 382) Since such hay is 
lower in protein than pure legume hay, a greater amount of protein 
supplements is needed to balance the ration when it is fed. Except for 
this fact, the value of such mixed hay may be nearly as high as that of 
pure alfalfa or clover hay. 

874. Sweet clover hay. — The value of sweet clover hay for dairy 
cows will vary widely, depending on the quality. Hay cut during the 
fall of the year in which the crop is seeded may be fully equal to 
alfalfa. Also, in the drier districts, where the first cutting the second 
year does not grow too rank, it may nearly equal alfalfa hay.®® On the 
other hand, in humid districts this cutting is usually coarse, stemmy, 
and inferior in quality. In using second-year sweet clover hay for 
feeding cattle, the danger from the sweet-clover disease must always be 
borne in mind. (392) 
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875. Soybean hay. — Soybean hay has recently become of much 
importance for feeding dairy cattle in many sections. Soybeans are 
especially useful as an emergency legume-hay crop when alfalfa or 
clover winter-kills, and they are also grown regularly for hay by many 
dairymen. While soybean hay compares favorably with alfalfa in com- 
position, it is coarser and the stems are often somewhat woody. There 
is therefore usually considerably more waste in feeding it than in the 
case of alfalfa hay. 

Numerous experiments have been conducted to determine the value 
of soybean hay for dairy cows, in comparison with that of alfalfa hay.®^ 
The results of the various experiments have differed somewhat, chiefly 
because of the considerable difference in the quality of the soybean hay. 
Considering all of the data, it may be concluded that 100 lbs. of the 
portion of good-quality soybean hay actually eaten by cows is worth 
about as much as the same weight of alfalfa hay. This would mean 
that if 16 per cent of the soybean hay is refused (an average figure 
in these trials), a ton of the usual grade of soybean hay would be 
worth about 84 per cent as much as a ton of good alfalfa hay. The 
value of soybean hay as commonly produced will usually range between 
70 to 90 per cent of that of good-quality alfalfa hay. 

The chief difference between the two kinds of hay in these experi- 
ments has usually been that the cows refused to eat about 10 to 20 per 
cent of the soybean hay, this portion consisting of the coarse stems. 
On the other hand, there was much less waste of the alfalfa hay. Where 
equal amounts of hay have been fed, this greater wastage of soybean 
hay has generally caused a lower milk production on the soybean-hay 
ration, or the cows have lost in weight while the alfalfa-fed cows main- 
tained their weights satisfactorily. In some of the experiments the 
investigators have not fully considered the loss in live weight on soy- 
bean hay in drawing their conclusions. 

By chopping soybean hay, cows can be induced to eat practically 
all of it, and such preparation increased its value 19 per cent in 3 
trials at the Wisconsin Station.®^ However, it must be borne in mind 
that the stemmy portions refused are high in fiber and low in digestible 
nutrients. Probably it would generally be more economical to feed a 
larger amount of the hay and let the cows leave the stems. 

Feeding good soybean hay in place of timothy or mixed hay of 
ordinary quality makes possible a great saving in the amount of pro- 
tein-rich concentrates needed to balance a dairy ration, and also a sav- 
ing in the total amount of grain or other concentrates required for high 
production. For example, in three trials at the Minnesota Station 
feeding soybean hay in place of timothy effected a saving of 46 per cent 
in the concentrates fed and reduced the expenditure for purchased 
protein supplements 93.6 per cent.®® 

When soybean hay containing a considerable proportion of soybean 
seed is fed, along with a concentrate mixture containing ground soy- 
beans, the ration may be too laxative or the cows may tire of the exces- 
sive amount of soybeans.®® This may be avoided by feeding some other 
roughage in place of part of the soybean hay. 

Soybean hay cut when the seed had practically reached full devel- 
opment and the lower leaves were turning yellow was of higher value 
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per ton for dairy , cows in 3 trials at the Indiana Station^® than hay 
cut at an earlier stage. In these trials the soybeans were seeded with 
a grain drill in rows 7 inches apart and were therefore much finer- 
stemmed than when grown in cultivated rows. Due to this and because 
the hay was well cured, only 4 to 7 per cent of the late-cut hay was 
refused by the cows. Similar results were secured in Illinois trials with 
dairy heifers.^^ 

876. Cowpea hay. — In the South cowpeas furnish excellent hay 
for dairy cows, even richer in protein than is alfalfa hay. For dairy 
cows and heifers this hay may, when it is well cured, be considered 
equal to alfalfa.^^ 

877. Hay from other legumes. — In addition to the legume hay 
crops that have been discussed in this chapter, several others, which 
are discussed in Chapter XIII, are of importance in various districts. 
These include lespedeza, field peas, pea vines from canning factories, 
the vetches, moth beans, mung beans, tepary beans, and kudzu. 

The composition and value of artificially-dried, or dehydrated, hay 
or immature grass have been considered in Chapter XI. (336-338) 

IV. Dry Roughages Low in Protein 

878. Hay from the grasses. — Hay from timothy and other grasses 
is generally much inferior to legume hay for dairy cattle. It is low 
in protein when cut at the usual stage of growth, is not high in calcium, 
is commonly even lower in phosphorus than legume hay, and is decidedly 
lower in vitamin A than well-cured legume hay. Such grass hay is 
also much less palatable to dairy cows than is good legume hay, and 
therefore the cows will not eat so much of it. As a result, in order to 
secure good production they must be fed a larger amount of grain and 
other concentrates than is needed with legume hay. 

Timothy hay or hay from other grasses, cut not later than full 
bloom and preferably even earlier, is greatly superior for dairy cattle 
to grass hay cut at the usual stage of maturity. This is because it is 
much more palatable and is considerably higher in protein, especially 
when grown on well-fertilized land. As is pointed out later, such hay 
is a satisfactory substitute for legume hay in districts where it is dif- 
ficult to grow sufficient legume hay for the dairy herd. (880) 

When there is insufficient legume hay to feed liberally throughout 
the barn-feeding period to all the herd, it is best to give the cattle one 
feed of legume hay a day, rather than to use it all up during a part 
of the winter and then confine them to non-legume roughage for the 
rest of the time. Foresight is needed to store the various kinds of hay. 
in the barn so this will be possible. 

Feeding some legume hay during the dry period is important, for 
it is at this time that cows have the greatest ability to store calcium 
and phosphorus in their bodies, which minerals may have been depleted 
during their lactation periods. They are therefore benefited particularly 
hy well-cured legume hay, rich not only in calcium, but also in vitamin 
D, which they must have in abundance to enable them to assimilate 
and use the calcium and phosphorus in their feed. (159, 190) 

If grass hay is fed, with or without silage, as the chief roughage 
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to dairy cows, it may be wise to add a calcium supplement to the ration. 
013) The large proportion of protein supplements needed to balance 
such a ration will usually provide sufficient phosphorus. (812) 

879, Timothy hay. — Timothy hay cut at the usual stage of ma- 
turity is a poor roughage for dairy cows, for it is low in protein, in 
calcium, and in vitamin A; it is not very palatable to cows; and it 
has a constipating effect quite opposite to the beneficial laxative action 
of legume hay. (449) On the other hand, early-cut timothy hay, 
especially from fields well fertilized with commercial nitrogenous ferti- 
lizer or manure, can successfully be substituted for legume hay in feed- 
ing dairy cows during the usual winter feeding periods. When timothy 
or other grass hay is used as the only roughage or when such hay is fed 
with com silage or sorghum silage, it may be wise to add a calcium 
supplement to the ration. (813) The value of mixed legume-and- 
timothy hay for cows will depend largely on the proportion of clover 
or alfalfa present. 

880. Early-cut timothy hay from nitrogen-fertilized fields. — Much 
of the hay^ed Jo dairy cows in the northeastern states is from timothy 
or other grasses. To make this hay suitable for dairy cows, it is im- 
portant that the field be fertilized with some nitrogenous fertilizer 
(either a commercial fertilizer or farm manure) and that it be cut not 
later than early to full bloom. Such hay will generally be considerably 
higher in protein than timothy hay of the usual sort, and it is soft and 
well-liked, instead of being harsh, stemmy, and unpalatable. (302, 303) 

The value of such timothy hay is shown in two New York experi- 
ments and in a Wisconsin experiment.'^® In the trials at the New York 
(Cornell) Station one group of cows was fed each winter on a ration 
of early-cut, nitrogen-fertilized timothy hay (cut in early to full bloom), 
corn silage, and a suitable concentrate mixture. Another lot was fed a 
ration of good alfalfa hay, corn silage, and a concentrate mixture lower 
in protein (so as to provide the same amount of protein in each ration). 
Bone meal and ground limestone were added to each ration. This 
timothy-hay ration produced as much milk as the alfalfa-hay ration 
and maintained the live weights of the cows just as well. Also, the 
cows liked the timothy hay fully as well as the alfalfa and refused no 
larger proportion, the refuse of both kinds of hay being less than 2 
per cent. Similar results were secured in the Wisconsin trial. 

Timothy hay cut before bloom furnished 44 per cent more net 
energy in New Hampshire experiments with dairy cows than did that 
cut after the seed had formed.^^ While only about one-third the protein 
in the latter hay was digestible, about 60 per cent of that in the early- 
cut hay was digested. When supplied as the only feed, the late-cut 
hay barely furnished enough nutrients for maintenance, but the early- 
cut hay supplied sufficient for maintenance and the production of 8 to 
10 lbs. of milk a day. 

The results of these experiments show that early-cut timothy hay 
from* well-fertilized fields is a satisfactory roughage for dairy cows 
during the usual bam-feeding period, when fed with com silage and 
in a properly-balanced ration. It is obvious that where alfalfa or clover 
cto be grown satisfactorily and economically, dairymen should grow 
these legumes for dairy cattle, instead of grass hay, on account of their 
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higher yield, their higher protein content, and their effect in soil 
improvement. 

881. Ordinary timothy hay for cows.— The milk production on 
timothy hay of the usual quality will be decidedly less than on good 
legume hay, even when the deficiency in protein is made good by an 
additional amount of protein supplements. In Virginia experiments^* 
a ration of timothy hay (United States Grade No. 1) and a suitable 
protein-rich concentrate mixture, without any calcium supplement, pro- 
duced, only 84 to 88 per cent as much milk during periods of several 
months as did a ration of No. 1 alfalfa hay and a concentrate mixture 
correspondingly lower in protein. 

If timothy hay is fed as the chief roughage, or if timothy is fed 
with other roughages low in protein, such as corn silage, without the 
addition of enough protein supplements to balance the ration, the yield 
of milk will be seriously reduced.^® When timothy. or other grass hay 
must be fed to dairy cows without legume hay, it will give better results 
if fed in combination with silage than when forming the only roughage. 

882. Poor-quality timothy hay dangerous if fed over lonjf 
periods. — The unsatisfactory nature of late-cut timothy hay for dairy 
cows, when fed continuously as the only or chief roughage, is well shown 
in experiments by the United States Department of Agriculture.^^ 
Cows broke down on the average in about a year and a half and died 
or became sterile, when fed for long periods, without any pasture, on 
timothy hay of low quality, either as the only roughage or with com 
silage, along with suitable concentrate mixtures. The calves from cows 
thus fed were bom dead, or else weak and usually blind, because of 
the lack of vitamin A in such hay. In contrast to these results, a cow 
kept on only grain and good timothy hay (United States Grade No. 1) 
for 4 years gave birth during this period to 3 normal calves. 

The cows fed poor-quality timothy hay showed a great desire to 
steal alfalfa hay from their neighbors fed this kind of hay, and when 
they were fed alfalfa in addition, the disasters were prevented. It was 
surprising that although cows were successfully fed on good alfalfa 
hay as the only roughage for similar lengths of time, they showed an 
eagerness for hay of some other kind. The best results were secured 
when high-quality alfalfa and timothy hay were both fed, so the cows 
could eat as much as they wished of each. 

It should be pointed out that the conditions of these experiments 
were unnatural and most severe, since the cows had no pasture or other 
fresh green feed at any time. Though poor-quality timothy hay is 
unsatisfactory for dairy cows, it will not produce such disastrous results 
when fed as the only or the chief roughage during the usual barn-feed- 
ing period. 

883. Prairie or native hay. — The value for dairy cattle of prairie 
hay or hay from other native meadows will vary widely, and depends 
both on the stage of maturity at which it is cut and on how well it is 
cured. (456) Wyoming trials show that prairie hay of excellent 
quality may be more palatable to dairy cows than some alfalfa hay.^* 

In Oklahoma experiments mentioned previously, dairy cows have 
been successfully fed for long periods on good-quality prairie hay as 
the only roughage, with cottonseed meal as the only concentrate. (683) 
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On this restricted ration reproduction and milk production were both 
normal. On the other hand, very unsatisfactory results were secured 
in Arkansas trials when cows were fed prairie hay, without pasture, 
as the only roughage and with a concentrate mixture containing prac- 
tically no vitamin When the cows were continued on this ration, 
normal reproduction was prevented and the milk yield was poor, appar- 
ently due to a lack of vitamin A. The results were much better when 
alfalfa hay was fed in place of the prairie hay. 

In recent Kansas tests the results were satisfactory when good- 
quality prairie hay was fed to dairy cows with sorghum silage and a 
concentrate mixture supplying plenty of protein and containing bone 
meal and ground limestone.®® When prairie hay was thus supplemented, 
the production of the cows was as great as when alfalfa hay was fed. 

884. Hay from other grasses. — The value of hay from the other 
grasses in general resembles that of timothy hay. For detailed infor- 
mation on the value and usefulness of other non-legume hay, including 
brome hay, Bermuda grass hay, Johnson grass hay, Sudan grass hay, 
and hay from the small grains, the reader is referred to Chapter XV. 

885. Corn fodder. — Though inferior to corn silage, well-cured corn 
fodder, especially that from thickly-planted corn, is relished by cows 
and may be used as a substitute for hay from the grasses. (430) 
Instead of being fed as the only roughage, it should be used with some 
legume hay, and it should be cut or shredded to reduce waste. Corn 
fodder was practically equal to timothy hay in a Pennsylvania trial, 
and in an Iowa trial the milk production was only 3.5 per cent less 
when cut corn fodder was fed with alfalfa hay, than when corn silage 
and alfalfa hay were fed as roughages.®^ However, in the latter experi- 
ment the return over feed cost was 12 per cent greater on the silage 
ration. Similar results have been secured in other tests with cut or 
ground com fodder or ground corn-and-soybean forage.®^ Ground corn 
fodder may be decidedly unpalatable to cows, and cutting or shredding 
is a preferable and a less expensive method of preparation. 

Whole com fodder was not a good substitute for corn silage in 
feeding dairy cows at the North Carolina Station.®® It was not palatable 
and a large proportion was refused. In an Iowa trial dairy cows re- 
fused 23 per cent of whole corn fodder, but only 12 per cent of corn 
fodder cut into one-fourth inch lengths.®^ The saving in feed was 
sufficient to cover a cost of $2.00 per ton for cutting. 

886. Corn stover. — Corn stover is too low in nutrients to form 
any large part of the roughage for high-producing cows, but a limited 
amount of bright, well-cured stover, fed after cutting or shredding, 
may sometimes be economical. (432) However, better use of this feed 
ean generally be made by such animals as well-grown heifers, stocker 
steers, or idle horses, which do not need so much digestible nutrients. 
In trials by Henry at tjie Wisconsin Station 1 ton of mixed clover-and- 
timothy hay was equal to 3 tons of uncut com stover.®® Thirty-four 
per* cent of the coarse, uncut stover was uneaten in these trials, which 
loss would have been reduced by shredding. As is pointed out later, corn- 
stover silage (made from field-cured stover) is more palatable than dry 
com stover and is consumed with much less waste. 

Ground com stover was inferior to shredded stover in an Indiana 
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trial, and it caused some of the cows to go off-feed and decrease mark- 
edly in milk production.®® 

887. Sorghum fodder and stover.— In the South and in the plains 
states fodder and stover from the sorghums are common feeds for dairy 
cattle, resembling corn fodder and stover in feeding value. (441,4^) 
They may be successfully used to replace part of the hay in a dairy 
ration, but are usually inferior to sorghum or corn silage for milk 
production.®^ Cutting or shredding sorghum fodder or stover is advis- 
able to lessen the waste. 

888. Straw. — Straw is too low in nutrients to have much useful- 
ness under usual conditions in feeding good dairy cows in milk. (468) 
Where plenty of better roughage is available, it is best to fill good 
eows up with more nutritious feed than straw. If there is a shortage 
of hay or other good roughage on the farm but plenty of straw, the 
straw may be fed once a day in place of one of the feedings of hay. 

To induce the cows to clean up more straw than they would other- 
wise eat, it may be sprinkled with diluted molasses. When straw is 
thus used, it is necessary to feed a somewhat larger allowance of con- 
centrates than usual and to use an ample amount of protein supple- 
ments in the mixture. The most satisfactory results are secured with 
this method when the cows are given at least one feeding of legume hay 
a day. When good straw is used for bedding, some dairymen place 
the straw in the manger first and allow the cows to pick it over and eat 
what they will, before throwing it under them for bedding. 

Well-cured legume straw, with the exception of coarse and woody 
soybean straw, is generally of higher value than straw from the cereals. 
(418) 

889. Cottonseed liidls. — Cottonseed hulls are one of the common 
roughages for dairy cattle in the cotton belt. (588) They should not be 
fed as the only roughage over long periods, because they lack vitamin 
A and are very low in calcium and phosphorus. However, they are 
satisfactory when some well-cured hay (especially legume hay) or good 
silage is fed in addition, or when the cattle are on good pasture a con- 
siderable part of the time. Care should be taken to add a calcium 
supplement to the ration, when necessary, if cottonseed hulls are used 
as the chief roughage. 

When fed with silage and with a good concentrate mixture supply- 
ing ample protein and containing a calcium supplement (oyster shell 
flour), cottonseed hulls were almost equal to good Bermuda grass hay 
in Louisiana tests with dairy cows and superior to late-cut Bermuda 
grass and carpet grass hay,®® Two cows on good pasture ate as much 
as 18 lbs. of cottonseed hulls per head daily. This indicates that the 
lack of palatability sometimes observed when cottonseed hulls are fed 
as the only roughage, has probably been due to the nutritive deficiencies 
in the ration. 

In other experiments cottonseed hulls have been worth somewhat 
less per ton than good corn stover, Bermuda grass hay, Johnson grass 
hay, Sudan grass hay or sorghum hay for dairy cows or heifers.®® When 
bulky concentrates, such as oats and wheat bran, are not available or 
are high in price, cottonseed hulls may be useful to increase the bulkiness 
of a mixture of heavy concentrates. 
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800. Value of succulent feed^. — Succulent feeds are of much 
importance in the efficient and economical feeding of dairy cattle. Due 
to their cooling, slightly-laxative action, succulent feeds aid greatly in 
keeping the digestive tracts of high-producing dairy cows in good con- 
dition. Furthermore, succulent feeds are usually highly palatable, and 
thus they whet the appetite so that larger amounts of roughage are con- 
sumed than when only hay and other dry forages are fed. As a result, 
the cows have more nutrients available for milk production, after the 
maintenance needs of their bodies have been met. 

The mild laxative effect of silage is especially desirable when there 
is not an abundance of legume hay in the ration. This laxative effect 
often makes easier the problem of providing desirable concentrate or 
grain mixtures, for laxative concentrates such as wheat bran and linseed 
meal are often relatively high in price. If cows are watered only once 
a day, succulent feeds also help to supply plenty of water. 

While succulent feeds are highly desirable for feeding dairy cows 
during the winter, they are not absolutely necessary for good produc- 
tion. If cows are provided with water continuously in drinking bowls, 
they may produce as much milk when fed a liberal amount of excellent 
legume or mixed hay, with no succulent feed, as when silage or roots 
are fed in addition. (893-894) However, unless the dry roughage is 
excellent, their production will be decidedly greater if they receive suc- 
culent feeds. 

Whether or not to supply silage or other succulent feeds is there- 
fore primarily a question of farm economics and farm management. 
(342) In the com belt the use of com silage is generally advisable, on 
account of its high value and its economy. On the other hand, in certain 
of the western alfalfa districts nutrients can be provided so much more 
cheaply in alfalfa hay than in any form of succulent feed that it may 
not be profitable to use silage or other succulent feeds in winter. 

In early years it was thought that the feeding of roots or silage 
produced watery milk, but the extensive experiments with these feeds 
have proved beyond a doubt that the milk of the cow cannot be watered 
by supplying succulent feeds. 

891. Com silage. — Throughout the chief dairy sections of the 
United States com silage is the cheapest succulent feed available, as 
well as the most satisfactory. (426) So thoroughly has the high value 
of com silage for dairy cows been demonstrated that in the leading 
dairy districts of the corn belt a dairyman usually apologizes if he does 
not have a silo on his farm. Not only does com silage furnish a steady 
and uniform supply of high-quality succulent feed for winter, but large 
numbers of progressive dairymen have found that silage is much more 
economical than soiling crops to feed in summer when pastures become 
parched and scanty, provided only that a sufficient number of cows are 
fed to keep the silage from spoiling. 

Largely because the silage made during the early years was fre- 
quently of poor quality and fed in a careless manner, a widespread 
belief existed that silage injured the flavor of the milk. Silage may 
cause a slight odor or taste in the milk if fed soon before milking. 
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especially in a poorly- ventilated bam. (837) However, experience has 
abundantly demonstrated that when good silage is fed under proper 
conditions the quality of the milk is not injured at all. The silage 
should be fed after milking, the mangers should be cleaned out regularly, 
and silage should not be left scattered on the floor of the stable. The 
air of the stable should also be kept wholesome by proper ventilation. 

Though animals fed continuously on silage consume considerable 
quantities of organic acids, these do not cause acidosis, or an injurious 
acid condition of the body tissues. (183, 340) 

The type of corn to grow for silage, the thickness of planting, and 
the value of silage cut at various stages of maturity are important 
problems for dairymen. These are discussed in detail in Chapter XIV. 

892. Corn silage vs. dry corn fodder. — A much greater feeding 
value for dairy cattle is secured from an acre of corn when it is ensiled 
than when it is cured as dry fodder. In 9 early trials at various stations 
in which com silage was compared with corn fodder, on the average 
7.4 lbs. more milk were produced from each 100 lbs. of dry matter in 
the rations containing silage than in those containing corn fodder.®® 

The actual difference ih the feeding value of the dry matter in the 
two forms of com forage was obviously much greater than 7.4 per cent 
in these trials, because the silage or fodder was fed in addition to hay 
and concentrates, and therefore formed only part of the ration. In an 
Iowa trial corn fodder fed with alfalfa hay and a good concentrate 
mixture produced only 6 per cent less milk than did com silage similarly 
fed.^^ However, on account of the greater losses in curing com fodder 
and the waste in feeding it, an acre of dry corn fodder was estimated 
to be worth but 45 per cent as much as an acre of corn silage. 

Since corn silage is no more digestible than good-quality dry corn 
fodder, the superiority of 100 lbs. of dry matter in corn fodder com- 
pared with the same amount of dry matter in corn silage, must be 
largely due to the fact that while silage is eaten with little or no waste, 
a considerable part of the corn fodder is usually left uneaten. Another 
reason is that cows getting the succulent, palatable silage consume more 
feed than those fed the dry fodder, and hence they have a larger amount 
of nutrients available for milk production after the maintenance re- 
quirements of the body have been met. 

893. Is silage an economical feed? — In spite of the wide use of 
corn silage in feeding dairy cows, experimental data are rather limited 
concerning the effect on milk production when corn silage is added to 
a ration of good hay and concentrates, and concerning the relative value 
per ton of silage and hay. There is no question but that the production 
of good cows is increased materially when silage is added to rather poor 
dry roughage, such as ordinary timothy hay or dry corn fodder. The 
better the quality of the dry ^roughage, the less will be the increase in 
production resulting from the addition of silage. A ration consisting 
of excellent legume hay and a good concentrate mixture may give about 
as great a production of milk as when corn silage is added to it, pro- 
vided the cows have access to water in drinking cups. 

In a study by the United States Department of Agriculture of 
records from cow-testing-association herds, it was found that the average 
production of cows fed silage, legume hay, and grain was 305 lbs. fat 
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a year ; of those fed only legume hay and grain, 299 lbs. ; of those fed 
silage, mixed hay and grain, 279 lbs. ; of those fed only mixed hay and 
grain, 248 lbs.; and of those fed only non-legume hay and grain, 229 
lbs.®* It will be noted that the addition of silage to a ration of legume 
hay and grain increased the average production much less than adding 
it to a ration of poorer hay and grain. 

Where the effect of silage feeding has been studied in surveys made 
in various states on the cost of milk production, it has usually been found 
that silage-fed herds produced more milk and fat than those fed only 
dry roughage in winter. However, in some studies the net return has 
been no larger or even smaller where silage has been fed. 

In deciding whether or not to provide silage for his dairy cows, a 
farmer should consider not only the relative cost per ton of producing 
hay’ and silage, but also the other factors that have been discussed in 
Chapter XII. (342) The economy of silage will depend primarily on 
whether the farm is well adapted to growing large yields of a good 
silage crop, usually either com or the sorghums. It will also depend 
on whether the soil and the climate are such that large acreages of 
alfalfa or other fegumes can be grown with high yields and made into 
good hay at a decidedly lower cost than an equivalent amount of 
nutrients in silage. 

894. Com silage and hay vs. hay as roughage. — Several experi- 
ments have been conducted to determine the value of silage per ton in 
comparison with hay or other dry roughage, and the effect of adding 
silage to a ration of dry roughage and grain. When corn silage was 
added to a ration of mixed hay and concentrates in early trials at the 
Maine and Vermont Stations the production of milk was increased 7 
to 8 per cent.®® In a similar trial at the Montana Station the milk 
production was increased only 2.5 per cent when immature corn silage 
was substituted for part of the clover hay in a ration of hay and 
concentrates.®^ 

A ration consisting of an abundance of good alfalfa hay and a 
proper amount of concentrates is ideal for dairy cows, except that it 
contains no succulent feed. It is therefore of much interest to determine 
whether the production will be increased when com silage is added to 
such a ration, in place of part of the hay. Corn silage increased the 
production of milk 9.9 per cent and of fat 5.7 per cent under such 
conditions in 3 Indiana experiments, and in similar tests at the Utah 
Station there was an increase of 2 per cent in milk and 4 per cent in 
fat through silage feeding.®® On the other hand, in Nebraska and New 
Mexico trials the production was just as large on a ration containing 
no silage.®® In an experiment by the United States Department of Agri- 
culture there was likewise no increase in yield when silage was added 
to a ration of alfalfa hay and concentrates, but this result was not sur- 
prising, because less concentrates were fed in the silage ration.®^ 

When cows were watered only once a day in Connecticut trials, the 
addition of com silage to a ration of hay and grain increased the milk 
production 5 per cent ; but when cows fed only hay and grain had access 
to water continuously in drinking cups, they produced even more than 
those watered once a day and fed silage, grain, and hay.®® This indi- 
cates that some of the advantage secured from silage feeding in the 
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early experiments may have been due to the additional water furnished 
by the silage. 

In these experiments in which silage has been added to a ration 
of hay and concentrates, it has usually required from 250 to 300 lbs. of 
well-eared com silage to equal 100 lbs. of hay in actual feeding value^ 
In these trials good com silage has therefore been worth 33 to 40 per 
cent as much per ton as good hay. This is a somewhat lower value for 
silage in comparison with hay than has been found in the experiments 
with fattening cattle and lambs, where it has required only 2 tons of 
corn silage, or less, to replace a ton of good legume hay. The possible 
explanations of this difference are discussed in Chapter XIV. (426) 

895. Amount of silage for dairy cows. — The daily allowance of 
silage commonly fed to dairy cows ranges from 20 to 40 lbs. per 1,000 
lbs. live weight. When cows are fed twice a day all the good com 
silage and legume hay they will eat, they consume about 3 lbs. of silage 
and 1 lb. of hay per 100 lbs. live weight, in addition to the usual amount 
of concentrates. Most dairymen who have plenty of silage let their 
cows have all they will clean up, except perhaps in the case of cows on 
official test. Limiting the amount of silage and hay for such animals 
induces them to eat more concentrates. 

To determine the effect of feeding only about half the usual amount 
of corn silage, 3 trials were conducted at the Connecticut (Storrs) Sta- 
tion.®® In each trial one lot of cows was fed a little more than 3 lbs. 
corn silage per 100 lbs. live weight, while another lot was fed half as 
much. Both lots received equal amounts of concentrates, and the cows 
in each lot were given all the hay they cared for, those fed the light 
silage allowance eating 3.6 lbs. more per head daily than the others. 
The milk yield and fat production were maintained as well on the light 
allowances of silage as on the heavy one. 

In Ohio trials cows produced a little less milk, but almost as much 
fat, when fed 30 lbs,, of mixed alfalfa and timothy hay and 15 lbs. of 
corn silage a day, with a somewhat reduced allowance of a concentrate 
mixture consisting chiefly of grain, as they did when fed normal amounts 
of silage, hay, and concentrates.^®® The feed costs were lower and the 
net returns over feed costs were higher on the heavy hay ration. These 
results are of much significance in sections where the cost of silage is 
relatively high, in comparison with the cost of hay. 

896. Sil^e as the only roughage, — While silage is not usually 
fed to dairy cows as the only roughage, without any hay or other 
dry fodder, this method of feeding seems to produce satisfactory results^ 
providing there is an ample supply of protein, calcium, phosphorus, and 
vitamins in the ration. In Ohio trials good results were secured when 
the only roughage cows received during the winter (except for straw 
they picked up from their bedding) was corn silage or mixed corn and 
legume silage.^®^ Similar results were obtained with com silage as the 
only roughage in an Iowa trial.^®^ 

Soybean silage and corn silage, fed together as the only roughages, 
produced nearly as much milk in Florida trials as did a ration in which 
corn silage and good alfalfa hay were the roughages.^®® Cows fed silage 
as the only roughage will eat as much as 6 lbs. of silage daily per 100 
lbs. live weight. 
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It should be borne in mind that ordinarily the easiest way to pro- 
vide ample amounts of vitamins A and D in the dairy ration is through 
feeding well-cured legume hay. Such hay is apt to be richer in vitamin 
A than good silage and probably also much richer in vitamin D. 

897. Com-stover silage. — It is a mistake to remove the ears from 
com fodder which is to be made into silage for dairy cattle. (429) If 
this is done, it will be necessary to feed a correspondingly larger amount 
of grain to replace the corn ears removed. The labor of removing the 
ears will be worse than wasted, for experiments have proved that better 
results will be secured from normal well-eared silage than from stover- 
silage, fed with the ground com from the ears that were removed.^®^ 

Silage made from dry corn stover, fed with alfalfa hay and a suit- 
able concentrate mixture, produced 1Q.6 per cent less milk than when 
normal com silage replaced the stover silage in a trial at the Wisconsin 
Station,^^® The stover silage contained 73 per cent water, which is about 
the average for normal com silage. Taking into consideration the re- 
duced milk yield and the greater amount of other feeds required per 
100 lbs. of milk^ the stover silage was worth only 61 per cent as much 
as the normal corn silage. 

898. Sorghum silage; sorghum-stover silage. — Next in value to 
com silage for dairy cows is that from the grain sorghums and the sweet 
sorghums. (443) Sorghum silage is worth somewhat less per ton than 
such com silage as is normally produced in the corn belt. However, 
where the climatic conditions are more favorable to the sorghums than 
to corn, as in the southern plains states, sorghum silage may be nearly 
as valuable per ton as the com silage grown there.^^® In such sections 
the yield of sorghum silage per acre is usually much greater than that 
of corn, which makes sorghum decidedly the more economical silage crop. 

There is apparently not much difference in the value per ton of 
silage from the grain sorghums and from the sweet sorghums for dairy 
cows. Kafir silage was slightly better than sweet sorghum silage in 
Kansas trials, but sweet sorghum silage was equal to kafir silage in 
palatability and feeding value per ton at the Oklahoma Station.^®’^ 

Sorghum silage has this high value for dairy cows in spite of the 
fact that a much larger proportion of the seed passes through the animal 
unmasticated and undigested than in the case of corn silage. It has 
been found that one-fourth or more of the seeds in sorghum silage are 
voided in the manure with little change.^®® This is a much larger loss 
than occurs in the case of com silage. 

Because of this loss, experiments were conducted at the Oklahoma 
Station to find the relative value for dairy cows of silage made from 
green sorghum stover (sorghum from which the heads had been re- 
moved) in comparison with that of normal sorghum silage.^^® It was 
found that darso stover silage was worth 87 per cent as much a ton as 
darso silage containing the heads. In these tests each 100 lbs. of darso 
heads were worth only as much as 40 lbs. of alfalfa hay. These tests 
indicate that under certain conditions it may be advisable to remove 
the heads from grain sorghum in making silage for dairy cows. 

899. Silage from the legumes. — ^Where more reliable silage crops 
do not thrive or when rain prevents making satisfactory hay from the 
first cutting of alfalfa or clover, the legumes are sometimes used as 
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silage for dairy cattle. The precautions to be taken in ensiling alfalfa, 
clover, soybeans, etc., are pointed out in Chapter XIII, and the value 
of such silage is there discussed. In the pea cannery districts, pea-vine 
silage is often available for dairy cattle. This is considerably richer than 
corn silage in protein, and is nearly equal to corn silage for dairy cows, 
when fed so as to take advantage of this higher protein content. (403) 

Such combination crops as oats and peas, oats and vetch, and com 
and soybeans make good silage for dairy cattle. Oat^and-pea silage is 
of slightly less value than is com silage, but is often useful for feeding 
in summer to supplement pasture, permitting double use of a silo during 
the year. (402) 

The combination of oats and vetch is one of the best silage crops 
for dairy cattle in the northern Pacific-Coast section, greatly excelling 
corn in yield in that district. (404) 

Whether to grow corn and soybeans for silage in place of com alone 
is discussed in Chapter XIII. (309) The combination crop will make 
silage higher in protein, but it will usually be lower in total digestible 
nutrients than silage from well-eared com grown alone. Perhaps this 
is the reason why corn-and-soybean silage was not worth appreciably 
more per ton than corn silage in 2 trials at the Iowa Station and that 
there was no great difference between the two kinds of silage in Arkansas 
and Pennsylvania experiments,^^® The value for milk production of 
a soybean crop was practically the same in an Ohio experiment when it 
was ensiled and when it was made into hay.^^^ 

Com and cowpeas make an excellent silage crop in the South, and 
in the sections better adapted to the sorghums (sweet or grain sor- 
ghums), a combination of sorghum and soybeans or of sorghum and 
cowpeas provides silage equal or slightly superior to sorghum grown 
alone. 

Soybeans alone made satisfactory silage in Florida, where it was 
impossible on account of rainy weather in the autumn to cure soybeans 
into hay that would be eaten by dairy cows. Such silage was less 
palatable than corn silage and about . 20 per cent was left uneaten, but 
2.9 tons, as fed, were equal in value to 1 ton of No. 1 alfalfa hay.^^^ 

900. Other silages. — The value and use of several other kinds of 
silage suitable for dairy cattle have been discussed in Part II. These 
silages include sunflower silage, silage from the small grains, apple- 
pomace silage, wet-beet-pulp silage, and beet-top silage. 

901. Roots for dairy cows. — Though roots are an excellent suc- 
culent feed for dairy cows, they are raised but little for this purpose 
in the United States, as has been shown in Chapter XVI. (470-472) 
Over most of the country com or sorghum silage provides much cheaper 
succulence than do roots, and where the growing season is too short 
for these crops, sunflower silage or such silage as oats and peas is usually 
more economical. Roots should be run through a root chopper or sliced 
before feeding, to avoid danger of cattle cholang on them. , 

Roots are a very useful feed for dairy cows where a dairyman does 
not keep sufficient stock so that he can feed silage fast enough to keep 
it from spoiling, or where a silo is not available. They are highly 
esteemed for cows on official test, because in such cases the object is 
maximum yield, rather than low cost of production. Even for this 
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purpose, however, soaked beet pulp has largely taken the place of roots, 
on account of the greater convenience. 

Hoots have a ‘‘cooling’’ effect on the digestive organs, helping to 
prevent digestive trouble when the cows are heavily fed on concen- 
trates. In addition, experiments have shown that adding roots even to 
a palatable ration containing good com silage seems to increase slightly 
the yield of milk and fat.^^® This is doubtless because roots are especially 
well-liked by cows, and their feed consumption is therefore greater when 
roots are fed. A slight increase in yield produced by feeding roots may 
be important for the breeder seeking high records of production. How- 
ever, this practice is rarely economical for dairymen in general, for 
in these trials the increase in production was not great enough to offset 
the cost of the roots, with milk at usual prices. 

While the dry matter of roots is considerably more digestible and 
lower in fiber than that in corn silage, in actual feeding trials with dairy 
cows the dry matter of silage has been as valuable or nearly as valuable 
for dairy cows as that in roots.^^^ Since roots are much lower than corn 
silage in d^ matter, they are worth correspondingly less per ton when 
used as a substitute for com silage. For example, it requires about 3.0 
tons of mangels, 2.5 tons of rutabagas, or 1.7 tons of sugar beets to 
furnish as much dry matter as 1 ton of good corn silage, and these 
figures therefore represent approximately the amounts of these root 
crops it takes to equal a ton of com silage in feeding value for milk 
production. 

When roots are fed to dairy cows as the only succulent feed" in place 
of com silage, the production of milk and fat will be about as high and 
perhaps even slightly higher than on com silage. However, in good 
corn-growing sections, the production on the silage ration will be much 
more economical.^^® Compared with root crops, silage of the kind that 
can be grown in Great Britain, where corn does not thrive, has given 
varying results. In some trials the production has been more economical 
on roots than with such silage as combinations including oats, peas, 
vetch, beans, and tares, and in other tests the silage ration has been 
cheaper.^^® 

902. Wot l}oet pulp. — Wet beet pulp is liked by cows and produces milk of 
good quality when not fed in excess. (643) In Utah trials during 4 years Holstein 
cows were fed either wet beet pulp or corn silage and a limited amount of concen- 
trates, with pasture in summer and alfalfa hay when pasture was not available.n^ 
The cows ate on the average 68.1 lbs. of beet pulp per head daily, in comparison 
with 32.1 lbs. of silage, and the production was fully as high on the beet-pulp ration. 
In these trials it required 2.1 lbs. of wet beet pulp, containing 11.5 per cent dry 
matter, to replace 1 lb. of corn silage, containing 26.0 per cent dry matter. Thus, 
a pound of dry matter in the beet pulp was worth slightly more than a pound of 
dry matter in com silage. 

When cows are fed large allowances of wet beet pulp, without feeds rich in 
calcium and phosphorus, weak calves may result, doubtless due to a lack of these 
minerals. Plenty of legume hay should therefore be fed with heavy allowances of 
beet pulp, and a phosphorus supplement should be provided, unless the concentrate 
miiture is sufficiently high in phosphorus. In the Utah experiments the cows fed 
wet beet pulp continuously became lame. Possibly this was due to a shortage of 
phosphorus in the ration. 

Beet pulp which has passed through the fermentation process in a silo seems to 
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Ije more palatable and satisfactory’ than fresh pulp. As there are occasional reports 
of beet pulp tainting the milk, it should be fed after milking and in a sanitary 
manner, the same as in the case of corn silage. 

903. Soiling crops; other succulent feeds.— The use and value of 

soiling crops for dairy cows are discussed in detail in Chapter XII. 
Corn silage usually furnishes just as satisfactory and much cheaper 
feed to supplement short summer pasture than does a succession of 
soiling crops, such as red clover, peas and oats, sweet com, and field 
corn. The same is true of other good silage crops, such as the sorghums. 
Where too few cows are kept to consume the silage fast enough to pre- 
vent its spoiling or where silage is not available for any other reason, 
the wise dairyman will provide a well-planned succession of soiling 
crops to keep up the milk flow when pastures are poor, or else will 
provide temporary grazing crops, such as Sudan grass, sweet clover, etc. 

Several other succulent feeds that are treated in Part II are some- 
times used for dairy cows in certain districts. Thus, cull potatoes can 
well be utilized for this purpose. Cull cabbage and the waste left after 
the heads are harvested are satisfactory for dairy cows, if care is taken 
to feed them only immediately after milking, in order to avoid tainting 
the milk. In certain sections of the Pacific-Coast district kale provides 
economical succulent feed during much of the winter. 

904. Pastures. — Luxuriant pasture furnishes unexcelled feed for 
dairy cows. Not only is the supply of nutrients liberal, but also the 
feed is succulent and palatable, and good pasturage is rich in protein, 
mineral matter, and ' vitamins. Unfortunately, in most sections the 
season of ideal pasturage is short, and in midsummer permanent pastures 
are too often parched and brown. The importance of pasture fertiliza- 
tion to provide good forage throughout the grazing season, and also 
rotational grazing and general pasture management are discussed in 
Chapter XI. 

To supplement permanent pasture, such pastures as sweet clover, 
Sudan grass, alfalfa, or red clover are exceedingly useful, for they 
provide forage when there is otherwise apt to be a serious deficiency. 
When pasture is poor, cattle have to spend practically all day searching 
for enough to satisfy their hunger. On the other hand, if there is plenty 
of good forage, they will soon be able to eat their fill and will then lie 
down, preferably in a shady spot, and chew their cud. 

The carrying capacity of pastures varies widely, depending on the 
soil and climatic factors and especially on how wisely the pasture has 
been handled. If no soiling crops or summer silage are provided for 
periods of drought, 1.5 to 2.5 acres of fairly-good pasture should be 
provided per cow, but if such additional feed is furnished and the 
pasture is properly fertilized, the pasture allowance can be reduced to 
1 acre per cow or even less. In the West, irrigated pasture which is 
well fertilized may carry more than 2 cows per acre throughout the 
season.^^® 

Though dairy cows have been maintained for several years without 
much pasture, or even with none at all, this practice is usually uneco- 
nomical and, moreover, does not promote the health of the animals. 

The value of the various pasture crops is discussed in detail in 
Chapters XIII and XV. Throughout the northern states, bluegrass and 
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combinations of bluegrass wifh other grasses and with white clover are 
the most common permanent pastures. Bluegrass alone furnishes ex- 
cellent grazing in spring, early summer, and autumn, but in midsummer 
the feed is scanty. Therefore for the best permanent pasture a mixture 
of grasses and clovers should be seeded. 

Red clover provides excellent pasture in the regular crop rotation, 
though care must be taken to avoid bloat. With alfalfa there is more 
danger of bloat, except in a few favored districts, but it provides such 
excellent feed that many dairymen, nevertheless, make a practice of 
pasturing it.^^® 

In rotated pastures, timothy in combination with the clovers and 
other grasses furnishes excellent pasturage. Timothy is even more 
palatable than bluegrass to cattle when in the actively-growing pasture 
stage, but the usual hay types of timothy will not endure continued close- 
grazing, year after year. Timothy endures much better under rotational 
grazing. 

Sweet clover furnishes excellent temporary pasture for dairy cows 
and is especially useful to supplement permanent pasture.^^® In the 
second year of ifs growth up to midsummer it will usually produce 
more pasturage per acre than any other corn-belt crop, provided the 
soil is suited to its growth. Yearling dairy heifers failed to make good 
gains on sweet-clover pasture in Wisconsin tests, while it was satis- 
factory for cows.^®^ This was apparently because the sweet clover was 
unpalatable to the younger animals, and they ate too little. 

In the sections adapted to it Sudan grass is an excellent temporary- 
pasture crop, being especially useful to supplement short pasture after 
midsummer. Winter rye and wheat provide fall and early spring pas- 
ture even in the northern states, and farther south furnish feed during 
much of the winter. Cows should not be grazed on rye within 3 hours 
of milking, or the milk may be tainted. 


QUESTIONS 

1. Discuss the use of corn for feeding dairy cows and the value of various methods 

of preparation. . 

2. Compare hominy feed and ground corn as feeds for dairy cows. 

3. Discuss the value and use of oats in dairy rations. 

4. What is the value of ground barley for milk production in comparison with that 

of corn? 

5. Discuss the value and use for dairy cow» of any of the following that are 

important in your locality: (a) Wheat; (b) rye; (c) grain sorghums. 

6. How is molasses used in feeding dairy cows, and what is its value under various 

conditions? 

7. Discuss the use and value of dried beet pulp and dried molasses-beet pulp. 

8. Why is wheat bran such a popular dairy feed ? 

9. Compare standard wheat middlings and wheat mixed feed with wheat bran as 

feeds for dairy cows. 

10. What are the merits of linseed meal as a protein supplement for dairy cows? 

11. Discuss the use of cottonseed meal for milk production. 

12. Compare corn gluten feed and linseed meal as dairy feeds; corn gluten meal and 

eottonaeed meal. 
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18. What is the value for dairy cows of soybeans in comparison with that of linseed 
meal or cottonseed meal? What is the effect of feeding too large a proportion 
of soybeans? 

14. Discuss the value of soybean oil meal for dairy cows. 

15. Compare brewers’ dried grains with wheat bran and with corn gluten feed for 

dairy cows. 

16. Discuss the value of distillers* corn dried grains for milk production; of dis- 

tillers* dried rye grains. 

17. Discuss fully the value of legume hay for dairy cows, showing how it makes 

possible home-grown rations and a saving of concentrates. 

18. Why is alfalfa hay unexcelled as a dry roughage for dairy cows ? 

19. Under what conditions may it be economical to feed cows chiefly or exclusively 

on alfalfa hay? 

20. Compare alfalfa meal and wheat bran as feeds for dairy cows. 

21. Compare the values of red clover hay and of alfalfa hay for dairy cows; of 

mixed legume-and-grass hay and of alfalfa hay. 

22. Discuss the values of any of the following that are important for dairy cows 

in your district: (a) Sweet clover hay; (b) soybean hay; (c) cowpea hay. 

23. Compare the value for dairy cows of hay from the grasses with that of legume 

hay. 

24. Contrast the value for dairy cows of ordinary timothy hay and of early-cut 

timothy hay from nitrogen-fertilized fields. 

25. What are the effects when poor-quality grass hay is fed to cows as the only 

roughage for long periods? 

26. What results have been secured in experiments where prairie hay has been fed 

to dairy cattle? 

27. How can corn fodder be best used as a feed for dairy cows? 

28. Discuss the use and value of the following for dairy cows: (a) Corn stover; 

(b) sorghum fodder and stover; (c) straw; (d) cottonseed hulls. 

29. Why are succulent feeds desirable in feeding dairy cows? 

30. Why is corn silage such a popular feed for dairy cattle? 

31. Discuss the relative value of corn silage and of hay for dairy cows. Under what 

conditions is silage an economical feed and when is it uneconomical? 

32. Discuss the use of limited allowances of silage; of using silage as the only 

roughage. 

33. Is it economical to remove the ears from corn forage before ensiling it for 

dairy cows? 

34. Compare sorghum silage and corn silage as feeds for dairy cows. 

35. What other silage crops are used for dairy cattle in your locality? 

36. Discuss the use of roots for dairy cows. 

37. Are soiling crops fed to dairy cattle in your district? If so, what crops are 

chiefly used ? 

38. Discuss the importance of good pastures for dairy cattle. In your section, what 

kinds of pasture are used chiefly? 


7. 

8 . 
9 . 

10 . 

11 . 

12 . 
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CHAPTER XXVI 

FEEDING AND CARING FOR DAIRY COWS 

I. Feeding for Milk Production 

906. Essentials in feeding and care. — The net returns a dairyman 

receives from his dairy business depend equally on the productive 
capacity of his cows and on the feed and care he gives them. It h£is 
previously been shown that poor dairy cows are such inefficient pro- 
ducers of milk that, even if they are well fed and cared for, they can 
never return a reasonable profit. Just as essential as well-bred cows, 
capable of high yields, are efficient rations and intelligent care. Without 
these, good cows are forced to become poor and unprofitable producers. 

The chief essentials in the proper feeding and care of dairy cows 

are: 

1. The use throughout the year of economical, well-balanced 
rations, which provide the nutritive essentials that have been previously 
stated. (794) 

2. Adjusting the amount of concentrates for each cow to her actual 
production. 

3. Palatable rations, containing a reasonable variety of feeds. 

4. Some succulent feed in the ration, except when succulent feeds 
are unduly expensive. 

5. Rations that are slightly laxative, instead of constipating. 

6. Dry periods of proper length. 

7. Comfortable surroundings, both in winter and during the pasture 
season. 

8. Plenty of good water, conveniently accessible. (819) 

9. Regularity in feed and care. 

10. Kindness op the part of the herdsman. 

Neglect of these simple essentials will seriously reduce the net 
income from the dairy herd. 

906. Guides in selecting well-balanced rations. — Any intelligent 
dairyman can compute an economical, well-balanced ration for his cows 
by following the methods explained in Chapters IX and X, and familiar- 
izing himself with the nutrient requirements for milk production which 
are stated in Chapter XXIV. However, the computing of a balanced 
ration requires considerable time if one is not experienced in the process. 

To simplify the selection of efficient rations for milk production, 
convenient feeding guides are given in Appendix Tables VII and IX. 
By the use of these guides the balancing of dairy rations is reduced to 
a recipe basis, and practically all computations are eliminated. 

First, there are given in Appendix Table VII a considerable num- 
ber of good concentrate mixtures which are adapted for feeding with the 
various kinds of roughages there stated. It has been explained previ- 
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ously that the percentage of protein required in the concentrate mixture 
depends primarily on the protein content of the roughage which is fed. 
These concentrate mixtures are therefore grouped according to their 
protein content, and simple directions are given for determining which 
group is suitable for feeding with any common combination of rough- 
ages. 

One can readily find which of the several concentrate mixtures in 
the proper group is most economical at the local prices for various 
feeds. If one desires to use some particular feed that is not included 
in the suggested concentrate mixtures, these formulas will serve as useful 
guides in making up a special mixture. The manner in which various 
substitutions can be made in these formulas is explained in the para- 
graphs which immediately precede the formulas. 

After selecting an economical concentrate mixture that will make 
a balanced ration with the roughage to be fed, it is next necessary to 
know how much of the concentrate mixture each cow in the herd should 
receive. Various ‘Hhumb rules’’ are often used for estimating this. A 
more convenient •and also more accurate method is to use the ‘‘Grain 
Feeding Tables” given in Appendix Table IX. 

The first of these tables is for use when the cows are not on pasture. 
It states the number of pounds of a good concentrate mixture, or so- 
called “grain mixture,” that are required by cows producing various 
amounts of milk of different fat percentages, when various amounts of 
roughage are consumed. The second table similarly shows the amounts 
of concentrates needed by cows on excellent, good, and fair pasture. 
The feeding of cows on poor pasture is discussed later in this chapter. 

Sufficient amounts of concentrates are advised in these tables to 
meet the recommendations of the feeding standards and to maintain 
good yields of milk under usual conditions. Since heifers need addi- 
tional feed for the growth of their own bodies, it is wise to feed them a 
trifle more liberally than stated in the tables. Also, the allowance 
should be increased somewhat over the amounts shown in the tables in 
the case of excellent cows during the latter part of the lactation period, 
if they have run down in flesh during the height of milk production. 

When concentrates are very expensive in comparison with rough- 
ages, then it may be most economical to feed less concentrates, as has 
been shown previously. (805-806) Though these feeding guides are 
exceedingly simple, it will be found that they are sufficiently exact from 
the scientific standpoint to be reliable in practical feeding. 

It is well worth while for a dairyman to understand thoroughly 
the method of computing economical rations which are balanced in 
accordance with the feeding standards. He will then know how to make 
balanced rations under any special conditions that may arise. How- 
ever, from the standpoint of his net returns, the most important point 
is to be sure to feed balanced rations, even though he has not taken 
time tp figure them out himself. In any case of doubt as to the best 
ration to use, a farmer will find his agricultural college and experiment 
station or his county agent ready to advise him. 

In computing rations for dairy cows, it is necessary to know their 
approximate weights. If one does not have suitable scales available for 
weighing the individual cows, their weights can be estimated from a 
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measurement of the heart girth. Appendix Table X shows the approxi- 
mate weights of dairy cows having different heart girths. 

907, Cows should be fed individually. — It is well known that the 
amount of total digestible nutrients or of net energy needed by a par- 
ticular cow depends on the amount of milk and fat that she is actually 
producing. (787, 794) A high-producing cow cannot consume much 
more roughage, per 100 lbs. live weight, than a low producer. The high 
producer will therefore need a far greater weight of grain or other 
concentrates than the low producer. Indeed, if a dairyman retains the 
poor cow in his herd, instead of discarding her, it may not pay to feed 
her any grain at all, but merely all the roughage she will eat. 

In spite of the great difference in the real needs of the various 
cows in a herd, many dairymen make the mistake of feeding all their 
cows the same amount of grain mixture, regardless of their actual 
yields. This practice seriously underfeeds the high producers and 
therefore reduces the net returns from the herd. It just as seriously 
overfeeds the poor cows. They are unable to convert the excess nutrients 
into milk, but instead turn them into body fat or waste them entirely. 
It is therefore very important to adjust the amount of grain mixture 
fed each cow to her actual production of milk and fat. 

908. “Thumb rules’" not accurate guides. — Since it would be very 
time consuming to compute rations according to the feeding standards 
for each cow in a herd, convenient “thumb rules’’ have been widely 
used for determining the amount of “grain mixture,” or concentrates, 
each cow should receive, in addition to all the good roughage she will 
clean up. However, none of these thumb rules is so convenient or so 
accurate as the grain feeding tables which are given in Appendix 
Table IX. 

Two ‘ ‘ thumb rules ’ ’ that have been widely used are as follows : 

1. Feed 1 lb. of concentrates per day for each to 4 lbs. of milk, depending 
on the richness of the milk and the quality of roughage fed, or 

2. Feed 1 lb. of concentrates per day for each pound of butter fat the cow 
produces a week. 

These rules are simple and easy to use, but they have one exceed- 
ingly serious fault. Under most conditions they underfeed the high 
producers and overfeed the poor cows. This is because these rules do 
not take into consideration the important fact that when a cow is fed a 
liberal amount of good roughage, she receives a greater amount of nutri- 
ents than she needs for mere body maintenance. 

Thus, a Holstein cow fed all the good hay and silage she cares for 
will get in this roughage sufficient nutrients for maintenance and for 
the production of 10 to 20 lbs. of milk. Her concentrate allowance 
should accordingly be based, not on the total amount of milk she yields, 
but on the amount she is producing beyond the amount which she can 
make from the roughage. 

Various “thumb rules” have recently been devised which take these 
facts into consideration, and which are therefore more accurate than the 
older rules. The following convenient “thumb rules” are recommended 
by Woodward, Shepherd, and Graves of the Bureau of Dairy Industry, 
United States Department of Agriculture, for use when good roughage 
is fed in the usual amounts.^ 
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Holsteins: Feed 0.4 lb. of concentrates for each pound of milk above a yield of 
16 lbs. 

Ayrshires and Brown Swiss: Feed 0.45 lb. of concentrates for each pound of milk 
above a yield of 14 lbs. 

Guernseys: Feed 065 lb. of concentrates for each pound of milk above a yield of 
12 lbs. 

Jerseys: Feed 0.6 lb, of concentrates for each pound of milk above a yield of 
10 lbs. 

While these rules are more accurate than the older ‘Hhumb rules/’ 
they are less convenient than the grain feeding table in Appendix Table 
IX. Also, they are based merely on the usual amounts of good rough- 
age, and cannot be used when a very liberal amount of excellent roughage 
is fed, or when, on the other hand, only a scanty allowance of roughage 
is used. The grain feeding table in Appendix Table IX gives specific 
recommendations to fit these varied conditions. 

909. Palatable feeds. — It is important that both the roughages 
and the concentrate mixture for dairy cows be palatable and eaten 
readily. This is especially necessary in the case of high producers. If 
the roughage is not palatable, the cows will eat much less of it than they 
would of well-liked roughage, such as well-cured legume hay and silage. 
To secure a good yield of milk it will therefore be necessary to feed 
them an unusually large allowance of concentrates. (867) 

Such roughages as com stover, grass hay cut at the usual stage of 
maturity, and even straw can be fed to dairy cows in limited amounts, 
along with better roughage. (878, 886, 888) However, for the best 
results they should not form the chief roughage for good cows. It is 
preferable to feed two kinds of roughage to dairy cows, for when fed 
even good alfalfa hay continually as the only roughage, they show a 
keen desire for other roughage in addition and seem to thrive better 
when receiving it. (882) 

It is usually easy to provide a palatable concentrate mixture, or 
‘‘grain mixture,’’ for dairy cows, for they like most all of the common 
grains and by-product concentrates, if the feeds are of the ordinary 
quality. Sometimes it is economical to include in the grain mixture 
some feed like malt sprouts or rye feed, which is not itself palatable. 
This may be done without making the whole mixture unpalatable, if 
only a reasonable amount is mixed with well-liked feeds, such as ground 
com, ground oats, wheat bran, linseed meal, molasses, etc. 

910. Variety. — There is considerable difference of opinion con- 
cerning the need of “variety,” or of several different ingredients, in a 
concentrate mixture for dairy cows. It has been shown previously that 
when cows have a liberal allowance of alfalfa hay and corn silage or 
of alfalfa hay as the only roughage, good production can be secured 
when they receive in addition such a simple grain mixture as one-half 
ground com and one-half ground oats. (866, 869) 

When cows of ordinary productive capacity have good roughage, 
including a reasonable amount of legume hay, it is riot necessary to go 
to any unusual expense to provide a concentrate mixture containing 
several ingredients. For example, in an Iowa experiment the milk 
production of cows fed good roughage was practically the same when 
they were fed a mixture of grain and cracked soybeans, as when the 
mixture also included linseed meal and cottonseed meal.* 



FEEDING AND CARING FOR DAIRY COWS 563 

The palatability and nutritive merits of the individual feeds in a 
concentrate mixture are of greater importance than the number of 
ingredients. “ Variety '' in itself is no ^arantee of palatability or of 
high nutritive value. A concentrate mixture containing a reasonable 
variety of well-liked ingredients is, however, apt to be more palatable 
than a simple combination, such as a mixture of grains, or of grains 
and a single protein supplement. Many dairy experts therefore advise 
that for high-producing cows, especially those on official test, the con- 
centrate mixture should contain 5 or 6 ingredients. 

If a good ration is being fed which amply meets the nutrient 
requirements for milk production, there is no advantage in changing 
the ration from time to time, in order to supply additional variety. 
While humans would tire of such a monotonous fare, stock fortunately 
do not have such fickle appetites. 

If cows which are accustomed to one good grain mixture are ’ 
changed to another equally good, but having a decidedly different taste, 
they may at first not show a desire for the new mixture. However, in 
nearly all cases they will soon become used to it. When cows which 
have been fed on advanced registry test and have had their whims for 
special feeds indulged by expert herdsmen are returned to the regular 
herd, it often takes them some time to become accustomed to the less- 
luxurious manner of life. 

911. Bulkiness of concentrate mixture. — Most dairymen believe 
tliat when high-producing cows are fed a liberal amount of concentrates, 
there will be less tendency for them to go off feed if some bulky feeds, 
such as wheat bran, ground oats, or dried beet pulp, are included in the 
mixture. Many experienced men prefer a concentrate mixture which 
does not weigh more than about 1 lb. to a quart. 

This point is of less importance with cows of average production. 
In trials at the Michigan Station cows were successfully fed roughage 
and a separate mixture of linseed meal and ground com, without the 
addition of any bulky material.^ In these trials and also in Illinois 
trials^ where ground corn or linseed meal was fed separate from the 
roughage to cattle which were slaughtered soon afterward, most of the 
concentrate was found well-mixed with the previous contents of the 
paunch and the honeycomb, and only a small part was in the form of 
separate lumps or boluses. 

In general herd-feeding if it is cheapest to feed a heavy mixture 
which contains no bulky feeds, the mixture may readily be distributed 
over silage after the latter has been placed in the mangers. This will 
insure adequate mixing of the concentrates and silage in the digestive 
tract. 

When bulky concentrates are expensive, considering the amounts 
of nutrients they actually furnish, it is wise to bear in mind the fact 
that they are not necessary for cows fed the usual amounts of concen- 
trates. On the other hand, it is wise to use only a bulky concentrate 
mixture for cows that are fed very liberal amounts of concentrates, 
such as cows on advanced registry test. 

912. Succulent feeds. — The importance of succulent feeds in the 
dairy ration has been emphasized in the preceding chapter. (890) 
Cows fed silage or other succulent feed in winter, along with good hay, 
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will usually produce appreciably more milk than those fed only hay 
with the same allowance of concentrates. (892-894>) The sole exceptions 
are when the cows have an abundance of hay of excellent quality and 
when they also have constant access to water in drinking bowls. The 
poorer the quality of hay or other dry roughage, the greater will be 
the benefit from supplying succulent feed in addition. Therefore, 
where silage or other succulent feeds can be supplied at reasonable 
expense, some succulence should usually be included in the winter ration. 

913. Rations that are slightly laxative. — In order to secure the 
most efficient production, dairy cows should be fed rations that are 
slightly laxative. There is no difficulty from this source when plenty 
of well-cured legume hay or good silage is included in the ration. If 
aU the roughage is of rather constipating nature, such as ordinary grass 
hay, com stover, or straw, care should be taken to include in the grain 
mixture, a sufficient amount of laxative feeds, such as wheat bran, lin- 
seed meal, or molasses, to counteract the constipating effect of the 
roughage. 

II. Care op the Milking Herd 

914. Shelter and comfort. — During the barn-feeding months, dairy 
cows should be comfortably housed in dry, well-ventilated, and well- 
lighted quarters. When the cows are confined by stanchions or stalls 
in the usual type of dairy stable, the temperature should not be lower 
than 45® to 50® F. in winter.® This is no higher than can readily be 
secured without artificial heat, even during severe weather in the 
northern states, if the stable is well-built and thoroughly insulated and 
is provided with an efficient ventilating system. (133) Farther south 
less shelter is required in winter than in the northern states. 

Dairy cows require somewhat warmer shelter than fattening steers, 
for they are spare instead of being protected by fat, and consequently 
they have more body surface to radiate heat than steers per 100 lbs. 
live weight. Also their hides are usually thinner and their coats more 
scanty than in the case of steers. 

In studies conducted by the United States Department of Agri- 
culture in co-operation with the Wisconsin Station it was found that 
cows were more comfortable in a stable temperature of 50® to 55® F. 
than when the temperature was 60® F. or over.® At the lower tempera- 
ture the cows were more alert, their appetites were better, and their 
eyes were brighter and their hair more glossy than at the higher tem- 
peratures. Also, the lower temperature was preferred by the milkers, 
and the stable odors were less pronounced. 

It has been shown previously that weather which is too hot for the 
comfort of the cows may cause a decided drop in milk yield and produce 
changes in the composition of milk. (834) Since the air in green pas- 
ture fields is cooler during very hot weather than in a bare, dry yard 
or CQrral, cows are more comfortable when on good pasture. 

' On dairy farms in the northern states the cows are generally housed 
during winter in closed stables where the individual animals are con- 
fined by stanchions or sometimes by stalls. For the comfort of the 
cows, swinging stanchions are much preferable to the old-fashioned 
rigid stanchions. . Sufficient bedding should always be used for comfort 



FEEDING AND CARING FOR DAIRY COWS 


565 


and cleanliness. The various common bedding materials are discussed 
in Chapter XX. So that milk of good sanitary quality can be produced, 
the bam and the cows should be kept clean. Though grooming the cows 
may not increase the yield of milk appreciably, it is important from the 
sanitary standpoint. (836) 

High-producing cows may yield slightly more milk when they have 
the freedom of individual box stalls, instead of being confined in stan- 
chions. However, this increase, which will probably be less than 4 per 
cent, is not enough to pay for the extra labor and bedding required and 
the extra cost of housing, except in the case of cows fed on advanced 
registry test.*^ 

The importance of an efficient ventilating system to provide fresh 
air, to maintain a proper temperature, to reduce the humidity, and to 
remove dampness and foul odors, has been emphasized in Chapter IV. 
(133) To aid in keeping the cows healthy, as well as for sanitary rea- 
sons, it is advisable to have at least 4 square feet of window glass for 
each animal. It is well to disinfect the stable thoroughly at least once 
each year, to aid in checking any possible spread of disease. The bene- 
fits from dehorning cows have been pointed out previously. (836) 

915. Milking room and loose-stabling method. — On some dairy 
farms the cows have the freedom of a large stable or open shed, except 
at milking time when they go to a milking room. Here they are con- 
fined in stanchions, fed their grain, and milked. In this method the 
stable is usually cleaned only when considerable manure has accumu- 
lated. Much more bedding is therefore needed to keep the cows clean 
than when they are confined by stanchions in a stable of the ordinary 
type. On the other hand, somewhat less labor may be required with this 
method, if the milking room is conveniently arranged. 

, In experiments by the United States Department of Agriculture in 
Maryland and by the Pennsylvania Statipn in central Pennsylvania, 
there was no marked difference in production when cows were housed 
during winter in an open shed and when they were confined by stan- 
chions in a closed stable.® Slightly more feed was required per 100 lbs. 
of milk in the open shed. Very satisfactory results were secured with 
the loose-pen method or the open-shed method of housing in other trials.® 

Trials by the North Dakota Station show that even during the cold 
winter weather in that state, good production can be secured from cows 
housed in a partially-open shed, provided it is free from drafts and 
provided that the cows arc liberally fed, well bedded, and kept dry.^® 

916. Plies and fly spray S; — Many farmers believe that the sharp 
decline in milk production which often occurs during midsummer is 
due to the annoyance of the cows by flies. Undoubtedly, however, this 
is most often due to a shortage of feed and to the heat. Many different 
fly sprays have been extensively used to repel flies, and the best of 
those on the market do, for varying periods of time, cause a consider- 
able reduction in the number of flies on cows that are sprayed with them. 

In numerous tests at various experiment stations, spraying cows 
with commercial or home-mixed fly sprays has generally made little or 
no increase in milk production.^^ In some of the tests the use of oil 
fly sprays has even caused a decided reduction in milk yield, espe- 
cially during hot weather. This is probably because the film of oil on 
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the hair arid skin raises the body temperature appreciably in hot weather, 
since it prevents the evaporation of water from the skin. (121) Some 
fly sprays may temporarily injure the parts of the skin exposed to the 
sunlight, if applied daily for considerable periods of time. Medicated 
stock salts, sold as a fly repellent, were found entirely ineffective in 
Kansas and Oklahoma tests.^^ 

917. Exercise ; trimming hoofs. — ^During the winter in the northern 
states, the cows should be turned out daily for exercise for about 1 to 
2 hours, except in stormy or unusually severe weather, in a sunny yard 
that is sheltered from the prevailing winds. Such exercise will aid in 
keeping them thrifty, and it has been pointed out in Chapter XXIV 
that moderate exercise tends to increase slightly the yield and the per- 
centage of fat. (836) The exposure to direct sunlight also helps to 
provide vitamin D. (191) Forcing cows to stay outside a good share of 
the day in cold weather is a waste of feed and may reduce the milk yield 
severely. In the South, winter pasture should be provided whenever 
possible. 

The hoofs of dairy cattle should be trimmed when necessary to 
prevent them from becoming so long that the feet are injured. When 
the cattle are on pasture, the hoofs generally wear down sufficiently, but 
during the winter trimming is often necessary. 

918. Frequency and order of feeding. — The most common practice 

in dairy herds is to feed the grain mixture before milking, and then 
after milking to feed the silage or other succulent feed which might 
taint the milk if fed before milking. (837) The hay is usually fed 
after the silage has been cleaned up. In the case of cows milked more 
than twice a day, part of the daily allowance of grain mixture is usually 
fed before each milking and the hay and silage only at morning 
and night. • 

Hay arid other dry forages should not be fed until after milking, 
as they are apt to fill the air with dust. Also, alfalfa hay may produce 
a marked flavor in milk if fed less than 4 hours before milking. (869) 

The particular order of supplying the various feeds is not impor- 
tant, but the same order should be followed from day to day and the 
cows should be fed and milked at regular times. In tests by the United 
States Department of Agriculture regularity in feeding and milking 
increased the yield of milk 3.9 per cent and of fat 5.2 per cent, in 
comparison with a lack of regularity.^® 

Some dairjroen put the grain mixture on top of the silage in the 
manger, and this is a good plan if one is feeding a liberal allowance of 
a heavy concentrate mixture which contains no bulky feeds. Cows 
which are accustomed to getting their grain before milking may tend 
to be restless and ‘‘hold up’^ their milk if the grain is not fed until 
after milking, but it will not take them long to get accustomed to the 
change. 

919. MUking . — ^While milking is often regarded as a simple task 
that anyone can do, there may be a great difference in the returns which 
two different milkers can get from the same cow. A cow should be 
milked quietly and rapidly with dry hands. (234) The milker should 
be especially careful to milk each cow dry and to get all the strippings, 
for the l^t-drawn milk may contain 10 times as much fat as that drawn 
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first. ( 824 ) If a cow does not let down her milk when milking is started, 
massaging her udder will usually accomplish the result. 

It is always desirable to have the same man milk each cow at every 
milking, but a change will not usually affect the yield of milk appre- 
ciably, if the new man is as good a milker as the former one.^* Regu- 
larity in the time of milking is highly desirable, especially in the case 
of Wgh-producing cows. However, cows of average production can 
apparently be milked with occasional irregularity, without any appre- 
ciable decline in yield, providing they are fed regularly.^® 

In milking cows thoroughly so as to get all the strippings, the best 
milkers generally manipulate the udder to some extent toward the end 
of milking. An upward pressure on each quarter for a few times when 
milking is nearly completed helps to bring the last milk into the teats, 
where it can be drawn. 

Somewhat elaborate methods have been advocated for massaging 
and manipulating the udder before milking and especially after nearly 
all the milk has been drawn. The method known as the Allgau method 
has long been used extensively in certain districts of Germany, and a 
similar method was advocated by Hegelund of Denmark. In tests of the 
Hegelund method many years ago at the New York (Cornell) and Wis- 
consin Stations there was no material advantage in this method over 
milking by the ordinary method, provided the milker was careful to 
perform his task thoroughly and milk the cows dry.^® Similar results 
were secured in recent Washington trials.^’^ 

It has been the general belief that incomplete milking tends to 
reduce the yield, to decrease the persistency in production, and to cause 
more trouble from mastitis and other udder troubles than when the cows 
are milked dry at each milking. While there were no such injurious 
effects from incomplete milking in recent tests by the United States 
Department of Agriculture,^® it does not seem wise to recommend incom- 
plete milking as a general practice unless further experiments prove that 
good results can always be secured by this method. On the basis of their 
experience, many veterinary experts believe that incomplete milking very 
definitely increases udder trouble in cows infected with mastitis.^® 

In trials by the Iowa Station the milk yield of cows milked by milk- 
ing machines was increased 2.5 per cent by hand stripping.^® For each 
hour of labor spent in stripping 1.16 lbs. of extra fat were secured. 

920. Milking machines. — Because of the saving of labor through 
their use and also the difficulty of securing good hand milkers, milking 
machines are used in many dairy herds. Numerous and long-continued 
trials by the experiment stations show that satisfactory results,’ both 
in yield and in quality of milk, can be secured when good milking ma- 
chines are handled by careful operators, who use well-adjusted teat cups 
and who properly cleanse and disinfect the machines. Efficient machine 
milking is equal to ordinary hand milking in maintaining the yield of 
milk, but probably somewhat inferior to the best hand milking. 

While with most cows a machine does not draw quite all the milk 
and the cows are generally stripped by hand, nevertheless a considerable 
saving of labor results from using a machine. For example, in a Wis- 
consin study on 71 farms where milking machines were used in herds 
averaging 20 cows, 18 less hours of total man labor per cow a year were 
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required, on the average, for milking, feeding, and care than on 91 farms 
without machines.®^ Owing to the first cost of a machine and the labor 
involved in the operation and cleaning, various authorities consider 
machine milking economical under usual conditions only where there 
are 15 to 30 cows or more in the herd. 

Care must be taken not to spread udder diseases by the use of a 
milking machine. Cows affected with mastitis should always be milked 
last, or else be milked by hand. 

921. Regularity and kindness. — ^For the best results with dairy 
cows, as with other farm animals, they should be treated with kindness 
at all times, and regularity in feeding and care should be observed. 
The highest-yielding cows are usually of nervous temperament, and 
especially with such animals, excitement often causes a sharp decrease 
in yield. Cows being driven should not be hurried, and attendants 
should never strike or otherwise abuse them. 

Good dairymen now realize the fact brought to public attention by 
W. D. Hoard of Wisconsin that dairying is based on the maternity of 
the cow, and trf at their animals accordingly. As Haecker wrote: “If 
you so handle the cows that they are fond of you, you have learned one 
of the most important lessons that lead to profitable dairying. ... A 
cow’s affection for the calf prompts the desire to give it milk; if you 
gain her affection she will desire to give you milk. ’ 


III. Feed and Cake Before and After Calving 

922. Dry period important. — ^A dairy cow will produce consider- 
ably more milk annually if dried off 6 weeks before freshening, than if she 
is milked continuously.^® A cow that is in thin flesh should be dry 8 
weeks. Experienced dairymen always provide this rest period so that 
their cows will be in good body condition for the hard work of the next 
lactation. 

During the peak of lactation high producers frequently secrete in 
their milk considerably more nutrients than they can assimilate from 
the feed they are able to eat. Therefore, if they have stored a reserve 
supply of fat and other nutrients in their bodies before freshening, they 
can maintain a materially higher level of production during the time 
they are “milking off” this store. It has also been shown in Chapter 
XXIV that during the dry period cows fed good rations can replenish 
the store of calcium and phosphorus in the skeleton that has been drawn 
upon during the flush of milk production. (814) For this reason alone, 
it is Undoubtedly important that cows have a dry period of reasonable 
length. 

Various methods are used in drying off persistent producers. Prob- 
ably the best and most rapid method is to discontinue milking abruptly.^* 
Then, if the udder fills so much with milk that there is danger of 
its becoming congested, the cow should be milked out clean, and only 
milked again as it may be necessary. This method dries off a cow much 
more rapidly than the older method of gradually decreasing the fre- 
quency of milking, first to once a day, then once in 2 days, etc. 

If the cow is a most persistent producer and is giving a large yield 
when it becomes time to dry her off, her feed should be severely reduced, 



FEEDING AND CARING FOR DAIRY COWS 569 


so as to check the milk flow. If possible, she should be put in a box 
stall where she can not steal feed from her neighbors. Then she should 
be fed only rather inferior hay and no grain at all. Also, she should 
be supplied with only about one and one-half pailfuls of water a day. 
This treatment, combined with the method of discontinuing milking, 
will commonly dry off the cow in a few days. Then she should again 
receive a normal ration. 

923. Feeding’ during the dry period. — Proper feeding during the 
dry period is important to get the cow into condition for heavy produc- 
tion and also to prevent trouble at calving time. During the barn-feeding 
season no better ration can be provided than good legume hay and silage, 
if the latter is available, with enough concentrates to get the cow in 
proper condition before she freshens. 

Plenty of well-cured legume hay is especially important at this 
time, because it is the richest source of vitamin D among common feeds 
and this vitamin is necessary for the assimilation of calcium and phos- 
phorus. It is during the dry period that high-producing cows can most 
readily rebuild the store of these minerals that may have been lost dur- 
ing the flush of milk production. (814) 

If dry cows are fed legume hay as the only roughage, a mixture 
of farm grains alone, such as one-half ground corn or barley (by weight) 
and one-half ground oats, will provide sufficient protein. If they are 
fed legume hay with corn silage, corn fodder or stover, or roots, the 
grain mixture need not contain more than 12 per cent protein. If they 
must be fed only low-protein roughage, the grain mixture should contain 
at least 16 per cent protein. Unless the grain mixture contains at least 
one-fifth of feeds high in phosphorus, such as wheat bran, linseed meal, 
or cottonseed meal, 1 lb. of bone meal or other safe phosphorus supple- 
ment should be added to each 100 lbs. of the concentrate mixture. (166) 

A popular mixture for dry cows is 100 lbs. of ground corn, hominy 
feed, or ground barley ; 100 lbs. of ground oats ; 100 lbs. of wheat bran ; 
and 50 to 100 lbs. of linseed meal. The concentrate mixtures in Appen- 
dix Table YII that contain the proper percentage of protein and that 
are laxative and bulky in nature are suitable for dry cows, as well as 
for cows in milk. 

If a cow is in fairly good condition when she is dried off, an allow- 
ance of 2 to 4 lbs. of concentrates a day with good roughage should be 
sufficient. On the other hand, if she is thin, the amount should be in- 
creased to 5 or 6 lbs., or even more. Cows that are to be on advanced 
registry test are usually fed with great liberality when dry, so they 
will be fat at time of freshening. (938) 

During the pasture season, no additional feed need be furnished dry 
cows if there is plenty of forage. However, if pastures become short, 
enough additional feed should be fed to get them in the desired con- 
dition. This feed may be silage, soiling crops, or hay, with grain if 
necessary. 

The net returns from good cows are undoubtedly increased when 
they are so fed during the dry period that at calving they are in thrifty 
condition and carry a reasonable amount of flesh. This is well shown 
by results secured at the New York (Cornell) Station in which a group 
of good cows were purchased, shortly before calving, from dairymen for 
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iise in a feeding experiment.*® Of the entire group, 18 were in rather 
thin condition when they calved, because they had not been well fed 
during the dry period. These cows were given good rations during the 
following lactation period and produced an average of 8,577 lbs. milk 
and 270 lbs. fat during the first 35 weeks of lactation. 

The cows were well fed during the following dry period and after 
calving weighed 112 lbs. more, on the average, than the previous year. 
They- were fed the same rations during lactation that they had received 
the year before, and produced an average of 9,282 lbs. milk and. 293 lbs. 
fat in a 35-week period. There was thus an average increase of 705 lbs. 
milk and 23 lbs. fat because of proper feeding during the dry period. 
To make this increase, an average of less than 440 lbs. additional con- 
centrates were fed during the dry period and during lactation. For 
each additional 100 lbs. of milk, only 62 lbs. of concentrates were fed, 
with no additional roughage. Except when milk is very cheap in com- 
parison with the price of concentrates, this would make it decidedly 
profitable to feed sufficient concentrates during the dry period to get 
such cows jnto fairly good condition before calving. 

Experimeifts conducted by the United States Department of Agri- 
culture show that except when cows are to be on official test, or when 
the price of milk is high in comparison with the price of concentrates, 
it may not pay to feed them so liberally during the dry period that they 
become very fat.*® 

It is often recommended that for a week or so before calving a con- 
centrate mixture should be fed which is very bulky and laxative. Such 
mixtures are advised as: (1) Equal parts by weight of ground oats and 
wheat bran; (2) equal parts by weight of ground oats, wheat bran, and 
linseed meal. There is, however, no need of feeding a special mixture 
at this time, if the ration previously fed has been sufficiently laxative 
to prevent constipation. The recommendation is also often made that 
the allowance of concentrates be reduced at this time to only 3 or 4 lbs. 
a day, if more has been fed. Unless the cow^s udder shows a tendency 
to become congested, it is not, however, necessary to reduce the allow- 
ance in this manner. 

A cow that is soon to calve should be turned out for exercise each 
day when the weather is suitable. She must not be chased by dogs or 
be crowded through narrow doors or gates. Care should also be taken 
that she is not injured by slipping on the stable floor or on ice. 

924. Gestation period; frequency of calving. — The average gesta- 
tion period of cows is placed by most writers at 280 to 285 days. How- 
ever, in studies of the gestation periods for cows of the leading dairy 
breeds, the average period has generally been only 278 to 280 days.*^ 
Male calves are apt to be carried a trifle longer than females, and the 
gestation period is shorter, on the average, for twin calves than for 
single calves. Knott of the Washington Station found, on studying the 
records of 2,910 gestations of Holstein cows, that as the cows increased 
in age from 2 to 6 years, the average length of the gestation period in- 
creased 1.5 days.*® After that, there was a tendency for the periods 
to shorten slightly. Calves sired by some bulls seemed to have a defi- 
nitely shorter or longer gestation period than the average. 

Unless dairymen wish to change the period of freshening in their 



Imitate Summer Conditions the Year Round 

The most succossful djiirymen iniitafo summer conditions as closely as possible 
during tlie r(‘st of the y('ar. 



Feeding Alfalfa Hay to Cows on Pasture 
When the pasture is short, it is essential that other feed be provided to keep up 
the milk flow. This may be soilage, silage, or legume hay. 



Lxjxuriant Pasture Is Unexcelled for Dairy Cows 

Not only is the supply of nutrients liberal on good pasture, but also the feed is 
succulent and palatable. Furthermore, good pasturage is rich in protein, mineral 
matter and vitamines. 



Feeding Green Corn to Keep Up the Milk Flow 

If additional feed is not supplied when pastures become parched in mid-summer, 
the milk flow will surely decrease and it will not be possible to bring the cows back 
to their normal yield even should the pastures improve later. 
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herds, as from spring freshening to fall freshening, they usually plan 
to have their cows freshen at intervals of about 12 months. Especially 
in the case of high-producing cows, the annual production is apt to be 
reduced if the interval is much less than a year between calving dates. 
Apparently, lengthening the calving intervals at least a month or two 
beyond a year does not reduce the average production for consecutive 
calendar years.^® 

925. Calving time. — ^Unless the herd is at pasture, the cow should 
be placed in a suitable box stall at least 2 or 3 days before the expected 
time of calving. Even during the summer when the cows are on pasture, 
it is wise to separate the cow that is soon to calve from the herd and 
put her in a box stall or in a small pasture lot where she can be given 
any needed attention. Before the cow is put in the box stall, any old 
bedding should be removed and the stall thoroughly cleaned and disin- 
fected. Plenty of dry bedding should then be provided for the comfort 
of the cow. 

As calving time approaches, the udder of a good cow will become 
swollen with milk. It is not advisable, however, to remove part of the 
milk prior to calving. If the udder becomes unduly congested, it is 
well to rub it twice a day with a mixture of one-half cod-liver oil and 
one-half ethyl alcohol, or with some other suitable mixture. When the 
muscles on each side of the tail head of the cow relax, leaving a hollow 
on each side, the calf may be expected within 24 hours, or usually 2 to 
3 days at the longest. 

If the cow is constipated, she should be given a warm bran mash 
or else a dose of mineral oil or of Epsom salts. The bran mash is made 
by placing 3 or 4 quarts of wheat bran in a pail and pouring enough 
boiling water over it to moisten thoroughly. After it has stood for 
10 to 15 minutes, sufficient cold water should be added to bring it to a 
comfortable temperature for the cow to eat. 

It is sometimes advised that but little feed or water be given the 
cow for several hours before calving, but this is unnecessary. Also, it 
is often difficult to estimate exactly when the cow will calve. She may 
be allowed feed and water as usual up to calving time, but will not 
generally have much appetite soon before calving. 

The cow should not be molested during the calving, unless assistance 
is required. To avoid injury to the cow, assistance should then be given 
only by a veterinarian or some other experienced person. During calv- 
ing time and also following calving, the cow should be protected 
from drafts. 

As soon as the calf arrives, it should be given any needed attention. 
Sometimes a slimy membrane covers its nose. This should be removed, 
so that the calf can breathe easily. If the cow does not dry the calf 
by licking it vigorously, it should be dried by rubbing with a cloth or 
dry straw. If the afterbirth is not expelled naturally within about 48 
hours after the birth of the calf, the services of a qualified veterinarian 
should be secured, if possible. The cow should not be allowed to eat 
the afterbirth. 

If the calf is weak and does not nurse within a half hour, it should 
be helped to get its first meal. As has been shown previously, it is very 
iixiportant that the calf receive the colostrum. (210) To guard against 
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navel infection, the navel should be disinfected withi tincture of iodine 
soon after birth. 

It is advisable to separate the calf from the cow about 24 hours 
after birth. If left with the cow longer, a vigorous calf may get so 
much milk that scours will result. It is also usually less difficult to 
teach a calf to drink from a pail when it is separated from its dam not 
more than a day after birth, than when it remains with her for a longer 
time. 

It is customary to save the seventh milking after the cow calves 
for human use, although sometimes the milk is not normal before the 
eighth or ninth milking. A simple test for normal milk, is to heat a 
small quantity to boiling. If the sample does not thicken because of a 
high content of albumin, the milk is usable. 

926, Feed and care after calving. — To secure a large yearly pro- 
duction from a cow, it is highly important that she be properly fed and 
cared for during the first month after calving. It is especially necessary 
to increase the concentrate allowance gradually, or udder troubles and 
digestive disturbances are apt to result. 

Immeldiately after calving, the cow is in a weakened condition and 
her digestive system is sluggish. She should therefore be kept warm 
and comfortable, and should be blanketed, if the stall is too cold. The 
amount of feed should be very limited for the first day, and the cow 
should be given lukewarm water to drink, unless there is a drinking 
bowl in the stall. During the first day after calving she may be given 
what hay and other roughage (including silage) that she cares for, but 
she should have only a small amount of concentrates. If calving has 
been normal and the cow is doing well, she may have for the first 
feed about 1 lb. of the same concentrate mixture that was fed durihg 
the dry period. 

After the first day, the allowance of concentrates may be gradually 
increased. Three weeks or more should be taken to get high producers 
on a full feed of concentrates, while lower producers can 'be fed their 
usual allowance somewhat sooner. If the udder of a cow becomes swollen 
and congested, the amount of concentrates should be reduced. Applying 
cold water to the udder with a hose, followed by thorough milking, will 
relieve the congestion. This process should be repeated 4 to 6 times a 
day, if necessary. 

927. Milk fever; acetonemia. — ^AU experienced dairymen know 
that their best cows are apt to have milk fever during the first few days 
after calving. This is caused by a lack of calcium in the blood, pro- 
duced by the heavy drain on the supply of this mineral as the cow 
begins to secrete a large ammmt of milk. It has been stated previously 
that the parathyroid glands normally regulate the amount of calcium 
in the blood in some manner. (63) Later in lactation the cow is able 
to draw on the store of calcium in her skeleton when she does not assim- 
ilate enough from her food. At the outset of lactation the parathyroid 
glands seem to be unable in some cases to meet the demand for calcium, 
and milk fever results. 

Checking the milk secretion decreases the tendency towards milk 
fever. Therefore in the case of high-producing cows, except heifers, only 
enough milk should be milked out during the first 2 or 3 days to supply 
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the calf. This increases the pressure in the udder and consequently 
lessens the milk secretion until the parathyroid glands increase their 
activity sufficiently to maintain a normal calcium content in the blood. 

If milk fever develops, no time should be lost in securing a com- 
petent veterinarian to treat the cow. The older method of inflating the 
udder with air is effective, but there is danger of infecting the udder 
with mastitis by this method, even when care is used. For this reason 
the newer method is to be preferred, in which a solution of calcium glu- 
conate or other calcium salt is injected into the jugular vein or the 
mammary veins. 

In some instances cows are affected from 8 to 10 days after calving 
by a disease called acetonemia, or acetonuria. This disease sometimes 
resembles milk fever. However, it is caused by a deranged metabolism 
of fats in the body and the consequent excretion in the urine of par- 
tially-oxidized products of fat metabolism (called ketone bodies). In 
this condition there is a lack of glucose in the blood, and the disease is 
usually treated by the injection of a glucose solution into the veins. 
Cows affected by a chronic form of the disease may be benefited by the 
feeding of molasses. 


IV. Feeding Cows on Pasture 

928. Feeding the herd on pasture. — No factor is of greater im- 
portance in reducing the cost of milk production than the providing of 
excellent pasture for the herd over just as long a period as possible. 
The economy and importance of good pasture for dairy cows is well 
shown in studies by the United States Department of Agriculture in. 
seven of the leading dairy districts of this country.^® (306) In these 
districts pasturage furnished nearly one-third of the total nutrients con- 
sumed by the cows during the year. Yet the cost of the pasturage was 
only one-seventh of the annual feed cost. 

When well-fertilized and properly-managed pastures are provided^ 
a high yield of milk can be maintained throughout the summer with a 
minimum amount of grain or other harvested feed. On the other hand, 
when little effort is made to improve the pastures, a large amount of 
additional feed must be supplied in order to keep up a good milk flow 
and to preveht the cows from running down in flesh. 

The proper feeding of milk cows on pasture is much simpler than 
during the winter, and doubtless this is the reason that so many farmers, 

, busy with their crops, fail to give their herd the necessary attention in 
summer. Often the cows are merely turned to pasture after milking 
at night and in the morning, with no further thought as to the supply 
of feed actually available for them. It is then no wonder that when 
the pasturage becomes scanty in midsummer, the cows run down in flesh 
and fall off severely in yield of milk. Even if fed liberally when bam 
feeding starts in the fall, commonly they cannot then be brought back 
to their usual production. 

Many also make the mistake of turning the herd to pasture before 
the grass is well started. This not only injures the pasture but also is 
apt to decrease the yield of milk, for the cows cannot get much nourish- 
ment from the scanty forage. (307) It is important, however, that 
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grazing start as soon as the grass is ready. Otherwise, the cattle may 
be unable to keep the forage grazed down during the period of most 
rapid growth, and it will then become too mature and will be unpalatable. 

When cows in milk are first turned on pasture in the spring, the 
feeding of some concentrates and hay should be continued until they 
become used to pasture and until the grass becomes abundant. If this 
is not done, good cows will run down in condition, for the young grass 
stimulates them to produce more milk than on their winter ration, but 
yet it is often low in dry matter and nutrients. The cows are therefore 
unable to eat enough of it to meet their needs. 

929. Feeding concentrates on pasture. — It is often difficult for a 
dairyman to decide how much concentrates to feed cows on good pasture, 
or whether or not to feed them any concentrates at all. The answer 
to this problem depends on the amount and quality of the forage the 
pasture furnishes and on the actual production of the cows. 

Good pasture alone will provide sufficient nutrients for body main- 
tenance and the production of 10 to 20 lbs. of milk or more, depending 
on its richness. If the pasture is excellent, it will provide sufficient 
nutrients for still more milk. Cows of high productive capacity that are 
fed no concentrates on pasture may continue to yield more milk than 
these amounts, but they must draw on their bodies for the additional 
nutrients they need. Consequently, they will lose weight and run down 
greatly in condition. 

The ‘‘Grain feeding table for cows on pasture in Appendix Table 
IX provides a convenient guide for the feeding of concentrates, or 
“ grain, to cows on various grades of pasture. Separate recommenda- 
tions are made for cows on excellent, good, fair and poor pasture, and 
for specific yields of milk containing various percentages of fat. These 
recommendations are based upon the results of the various studies that 
have been made of the feed requirements of cows on pasture.®^ 

It is the opinion of the author that good cows should be fed about 
as much concentrates as shown in this table, except when milk is unusu- 
ally low in price in comparison with the price of grain and other con- 
centrates. It may then be most economical to feed no grain to cows 
on good pasture unless they are producing more than 1 lb. of butter 
fat a day, and to feed higher producers only one-half to two-thirds as 
much concentrates as stated in the table. 

Even when the feeding of concentrates to cows on good pasture does 
not result in enough higher production during the summer to show an 
immediate profit, it may nevertheless be wise. This is because it will 
prevent good cows from running down in condition on pasture and 
will result in higher yields during the following fall and winter. 

When cows are grazed on luxuriant, intensively-fertilized pastures, 
it may be wise to provide them with a little hay or other dry roughage, 
and to reduce the allowance of concentrates. In Massachusetts trials 
cows on such pasture which were fed 2.7 lbs. hay and only 3.1 lbs. con- 
centrates (1 lb. to each 8.2 lbs. of milk) produced nearly as much milk 
as others fed 5.7 lbs. concentrates (1 lb. to each 5.7 lbs. of milk).®* 
The feed cost was considerably lower on the combination of hay and 
concentrates. When hay was high in price, oat mill feed was a good 
substitute for feeding cows on pasture. 
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It has been emphasized previously that young pasture grass contains 
even more protein, on the dry basis, than does alfalfa hay. (297) There 
is therefore no need of using a concentrate mixture rich in protein for 
cows on good pasture. Merely a mixture of farm grains or a concen- 
trate mixture containing 12 per cent protein will provide an ample 
amount of protein for cows on excellent pasture, except in the case of 
unusually heavy producers. 

In experiments during 3 summers at the Ohio Station cows on pas- 
ture which were fed a concentrate mixture containing only 11 to 12 per 
cent protein produced nearly as much milk as others fed a mixture 
containing much more protein.^^ In no case was the yield on the high- 
protein mixture enough greater to pay for the additional cost. In 
Michigan tests with cows on good pasture a concentrate mixture contain- 
ing 9.3 per cent digestible protein (about 12 per cent total protein) 
produced just as much milk as one containing 16.7 per cent digestible 
protein.®^ 

Unless the grass is kept growing actively by liberal fertilization 
and proper pasture management, it will be considerably lower in protein 
content, on the dry basis, during midsummer. It will then be necessary 
to increase the protein content of the concentrate mixture. Unless the 
pasture is decidedly poor, however, it will not be necessary to have more 
than 16 to 18 per cent protein in the mixture. 

Various concentrate mixtures adapted for feeding on excellent, 
good, fair, and poor pasture are given in Appendix Table VII. 

930. Supplementing scanty pasture. — If pastures become parched 
in midsummer, it is much more economical to rely largely on summer 
silage or soiling crops to supplement them than to try to keep up the 
production by feeding only concentrates. It has been shown previously 
that when the number of cows is large enough to use up the silage fast 
enough to keep it from spoiling, silage is usually a much more econom- 
ical feed than soiling crops, (341, 355-356, 903) 

If soiling crops are used, it should be borne in mind that as a rule 
they are more watery than good corn silage, and hence it is necessary 
to feed a considerably greater weight. Hay can also be fed to supple- 
ment short pasture, when silage or soiling crops are not available. 

QUESTIONS 

1. State 10 essentials in the proper feeding and care of dairy cows. 

2. Why is it important that the amount of concentrates for each cow be adjusted 

to her actual yield of milk and fat? 

3. Why are the grain feeding tables in Appendix Table IX more accurate guides 

than the thumb rules for feeding grain to dairy cows? 

4. Discuss the importance of the following for dairy cows: (a) Palatability of 

feeds; (b) variety in the ration; (c) bulkiness of the concentrate mixture; 

(d) rations that are slightly laxative. 

5. Discuss the requirements of dairy cows for shelter and comfort. 

6. What are the advantages and disadvantages of the loose-stabling method of 

housing dairy cows? 

7. Discuss the use of fly sprays on dairy cows. 

8. Why is exercise important for dairy cows? 

9. Discuss the frequency and order of feeding dairy cows. 

10. Discuss the milking of dairy cows, considering (a) regularity of milking, (b) 
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milking cows thoroughly, (c) massaging the udder, (d) the use of milking 
machines. 

11. Why is it important that cows have a dry period? 

12. How would you dry off a persistent producer? 

13. Discuss the feeding of cows during the dry period. 

14. What is the approximate gestation period for dairy cows? 

15. Discuss the feed and care of a cow at calving time; after calving. 

16. What is the cause of milk fever? What two methods of treatment are used? 

17. Discuss the feeding of concentrates to cows on pasture. 

18. About what is the minimum percentage of protein there should be in a concen- 

trate mixture for cows on excellent, actively-growing pasture? 

19. Discuss the use of various feeds to supplement scanty pasture. 
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CHAPTER XXVII 

COST OF MILK PRODUCTION— FEEDING TEST COWS 

I. The Cost of IVIilk Production 

931. Factors in the cost of milk production. — Many investigations 
have been conducted by the state experiment stations and the United 
States Department of Agriculture to find the cost of milk production 
under different conditions. These investigations have not only furnished 
much accurate information on this subject, but have also pointed out 
ways in which the individual farmer can reduce his own cost of pro- 
duction, so that in many cases he can secure a satisfactory profit where 
otherwise there might be a loss. 

In determining the cost of milk production it is most convenient to 
group the various items of expense into certain classifications. The fol- 
lowing is a common classification of the different factors which enter 
into the cost of producing milk. 

1. The combined cost of feed and bedding is by far the largest single 
item in the cost of producing milk, generally making up from one-half 
to two-thirds the total gross cost. This expense will of course vary 
widely, depending on the price of the various feeds, the productive 
capacity of the herd, and the economy of the rations used. 

2. The cost of man labor is next in importance. This includes the 
labor of milking, feeding and caring for the cows, cleaning the stables, 
handling and hauling milk, and all miscellaneous work connected with 
the herd. The labor cost will make up at least one-fifth the total 
gross cost. 

3. The building charge includes interest, taxes, and depreciation on 
the proportion of the bam actually occupied by the cows and by the 
feed storage for the dairy herd. Repairs should also be included under 
this item or under ‘‘miscellaneous.’’ 

4. The equipment charge covers interest, insurance, depreciation, 
and any taxes on milk utensils or machinery, tools, etc. 

5. The cow charge, which covers depreciation, interest, taxes, and 
mortality risk on the cows themselves, is a larger item than often be- 
lieved. First of all, the average useful life of dairy cows in the herd 
after they first freshen has been found to be only 4 to 5 years. While 
many cows have a much longer period of usefulness, on the average the 
cows will be replaced within this period, because of low milk yield, fail- 
ure to breed, or injury or contraction of disease. 

The annual depreciation is computed by finding the probable dif- 
ference between the cost or value of the cow when she first freshens or 
is purchased and the price she will bring for beef when she is discarded. 
For example, if a cow is worth $125 when she first freshens, then has a 
useful life of 5 years, and finally brings $60 when sold for beef, the 
annual depreciation will be one-fifth of $65, or $13.00. The taxes paid 
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on the cows, interest on their average valuation, and the mortality risk 
must also be included in the charges. With dairy cows the annual mor- 
tality risk is usually about 1.5 per cent, when the health of the herd is 
properly safeguarded. 

6. The cost of keeping the sire must be pro-rated among the cows, 
or the cost of bull service must be included in herds where a bull is 
not owned. 

7. Under ‘‘miscellaneous’’ are included such items as cash paid for 
hauling milk, cost of consumable supplies, horse labor, veterinary 
services, cow-testing association fees and other miscellaneous items. Some 
of these expenses are sometimes carried under the “cow charge.” 

In computing the labor cost, commonly all the man labor, both of 
hired laborers and of the owner and manager, is figured at the current 
I'ate for ordinary farm labor. Then an item is sometimes added to cover 
managerial ability and business risks, a common estimate for this being 
10 per cent of the other total costs. 

932. Credits in determining cost of production. — Prom the total 
gross cost of maintaining dairy cows, which will include the various items 
just enumerated, there must be deducted the value of the manure secured 
and the value of the calves at a few days of age. Commonly, the value 
of the manure produced on pasture is not deducted directly, but the 
pasture charge is based upon the fact that the fields will be improved 
by the manure voided on. them. 

The value of the calves will of course vary widely, depending on 
the breeding of the cows and the sire. In studies of the cost of milk 
production where some herds include purebred cows, these are com- 
monly valued at the price of high grades of similar productive capacity, 
and the calves credited at usual veal or grade prices. This is done so 
as to differentiate between the financial returns from the two enterprises 
— ^the breeding of purebred stock and the producing of milk. 

933. Annual cost of keeping cows. — From the large amount of 
data which has been secured in recent years on the cost of milk pro- 
duction, the summaries of investigations carried on in 6 states are pre- 
sented on page 579.^ Since costs are constantly changing, these figures 
must be regarded as examples, rather than averages for any particlar dis- 
trict. Prom the amounts of feed consumed and labor required annually, 
one can readily compute the cost of these major items under his own 
conditions. The other costs do not vary as widely from year to year, 
and furthermore, they make up only one-fourth or less of the total 
gross cost. 

These data represent the cost of milk production for dairymen who 
were undoubtedly more efficient than the average. This is shown clearly 
by the fact that the yields of milk in most of these studies were decidedly 
higher than the general average for the particular state. The average 
cost of milk production for all dairymen would therefore be somewhat 
higher than is shown in these figures. 

‘It will be noted that the cows in the New York and Virginia herds 
were fed most liberally on concentrates, the average amount fed annually 
per cow being 2,683 lbs. and 2,959 lbs., respectively. This liberal feed- 
ing of concentrates is characteristic of the most intensive dairy districts 
of the eastern states, for there it generally produces the best net returns. 




Well-Planned Crop Rotations Provide Low-Cost Rations 
A corn-belt farm with a good system of crop rotation, including corn for 
grain and silage and a liberal acreage of legumes for hay. Legume hay field 
in the foreground with corn for grain in the background. 




Enough Cows Should Be Kept to Make an Economical Unit 

If dairy cows are to provide the main source of income on the farm, a 
sufficient number must be kept to make an economical unit. The exact 
number should depend on the local conditions. 
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The cows in the Michigan herds received slightly less grain but produced 
an average of 7,457 Ihs. milk a year. 

The Oklahoma herds represent a much less intensive system of milk 
production, such as is common in the newer dairy districts of the west- 
ern states. The average production was relatively low, being only 
185 lbs. of butter fat a year, but the feed cost was low because the cows 
were on pasture for an average of 299 days. The cows in the Oregon 
herds received an average of only 1,293 lbs. concentrates, but they were 
fed liberally on hay (chiefly alfalfa) and on silage and other succulent 
feeds. Because of this, the average production of milk was nearly as 
high as in the Virginia herds, where over twice as much concentrates 
were fed. 

Yearly cost of keeping dairy cows 



New 

York 

1934 

Michigan 

1933 

New 

Hampshire 

1929-30 

Virginia 

1931-32 

Oklahoma 

1931 

Oregon 

1932 

No. of cows 

458 

881 

5,566 

2,958 

680 

8,352 

Av'. yield per cow 




Milk, lbs 

Fat, lbs 

7,994 

7,457 

333 

5,217 

6,099 

185 

6,088 

270 

Feed and bedding 




Concentrates, lbs . . . 

2,683 

2,031 

1,596 

2,959 

1,261 

1,293 

Hay, lbs 

3,800 

3,317 

1 f 

3,230 

2,397 

4,984 

Other dry roughage, 

lbs 

Succulent feeds, lbs. 

1 

8,000 

216 

4,660 

[ 4,449 j 
^ 3,409 ^ 

370 

7,740 

4,818 

Pasture, days 

1 

153 

1 

187 

299 

148 

Bedding, lbs 

\ 


1 

1 

X 

1 

Labor 







Man, hrs 

144 

153 

140 

199 

88 

130 

Costs 







Feed and bedding . . 

S 94.99 

$ 49.49 

$ 81.07 

$ 93.48 

$ 26.58 

$ 55.91 

Man labor 

38.55 

22,92 

39.04 

48.49 

14.00 

28.66 

Building charge 

6.09 

7.68 

5.90 

6.78 

1.27 

5.99 

Equipment charge,. 

6.91’ 

2,11 

2.78 

4.70 

423 

2.32 

Cow charge 

8.71 

9.12 

11.06 

17.18 

4.97 

8.98 

Bull charge 

3.25 

3.23 

1.90 

3.94 

s 

2.40 

Miscellaneous 

12.38 

9.83 

19.00 

30.68 

1.86 

4M 

Total gross cost 

$170^ 

$104,38 

$160.75 

$20525 

$ 52.91 

$108.77 

Credits 







Manure 

$ 8.32 

$ 11.14 

$ 15.50 

$ 6.86 

4 

$ 4.71 

Calves 

4.40 

3.75 

4.80 

3.05 

3 

229 

Miscellaneous 

.08 


.01 

.38 


4.08 

Total credits 

$ 12.80 

$ 14.89 

$ 20.31 

$ 10.29 


$ 11.08 

Net cost 

$158.08 

$ 89.49 

$140.44 

$194.96 

$ 52.91 

$ 97.69 

Av. yearly cost 

Per 100 lbs. milk. . . 

$1.98 

$1.20 

$2.69 

$ 3.20 


$ 1.60 

Per lb. fat 


.27 



.29 

026 


‘ Amount not stated, but cost included In total cost of feed and bedding. 

Including horse labor. 

* Bull charge offset by value of calf. 

^ No credit allowed for manure. 

934. Formulas for cost of milk production. — Since it is no easy 
task to convert such data as are presented in the preceding table from 
one set of prices to the prices current at another time, various simple 
formulas have been worked out for estimating the cost of milk produc- 
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tion. In these formulas all the costs are reduced to terms of feed and 
labor. Therefore, by taking the current prices for feeds and for labor, 
a more or less approximate estimate of the cost of producing milk can 
readily be made at any time. 

In using these items as a basis for calculating the cost of producing 
milk, it is assumed that as the prices of feeds and labor rise or fall the 
other items of expense and the credit items will fluctuate more or less 
in the same proportion. Though the costs of all the factors probably 
never change in exact unison, they usually keep closely enough together 
for purposes of comparison. 

One of the formulas which has been used most widely is that of 
Warren of the New York (Cornell) Station. According to this formula, 
the cost of producing 100 lbs. of milk under New York' conditions is 
found by first totalling the cost of 33.8 lbs. concentrates, 43.3 lbs. hay, 
10.8 lbs. of other dry roughage (com stover, corn fodder, straw, etc.), 
100.5 lbs. silage, and 3.02 hours of man labor. This total represents 
80 per cent of the entire cost. Therefore it must be increased by 
one-fourth to determine the approximate total cost of 100 lbs. of milk, 
according to the formula. The Warren formula has been simplified by 
Misner, as shown in the following table. This presents some of the for- 
mulas that have been proposed to meet conditions in various districts.^ 


Comparison of formulas for cost of milk production 

Food 


Factors in formula 

Warren 

(N.Y.) 

Misner 
(N. Y.) 

Pearson Adminis- 
(111.) tration 

Indiana 

Michisan 

Concentrates, lbs 

. . . 33.80 

30.0 

44.00 

33.50 

28.9 

23.50 

Hay, lbs 

. . . 43.30 

60.0 

60.00 

45.30 

38.1 

34.90 

Other dry roughage, lbs 

. . . 10.80 


39.00 

11.60 

9.9 

1520 

Silage, lbs 

... 100.60 

100.00 

188.00 

102.60 

104.8 

110.40 

Labor, hours 

. . . 3.02 

2.5 

2.42 

2.88 

2.4 

2.11 

Corre^ive factor, per cent.... 

... 25 

26 

0 

23.7 


45.8 

To illustrate the method of estimating the cost 

of milk production 


according to a formula, let us estimate the cost, using the Misner for- 
mula. We will assume that the cost of a good concentrate mixture is 
$26 a ton ; of hay, $12 a ton ; of silage $4 a ton ; and of farm labor, 25 
cents an hour, including board. At these prices the total cost of 30 lbs. 
concentrates, 60 lbs. hay, 100 lbs. silage, and 2.5 hours man labor will 
be $1,575. Increasing this total by 25 per cent to cover the other costs, 
will give us $1.97 as the estimated total cost of producing 100 lbs. of milk. 

935. Seasonal cost of production. — ^Every experienced dairyman 
knows that it costs much more to produce milk in winter than in summer 
when the cows are on pasture. This is because pasture is a cheap feed, 
and also because much less labor is required in producing each 100 lbs. 
of milk when the herd is on pasture than under winter feeding condi- 
tions. In studies by Pearson in Illinois it was found that the other 
expenses of producing milk were more or less constant through the year.*^ 
When all expenses were included, the net cost of producing 100 lbs. of 
milk in June was about 60 per cent of the average cost for the year, 
and in December about 120 per cent of the yearly cost. 

Since it costs less to produce milk in the summer, the natural ten- 
dency will be for dairymen to concentrate production in the more profit- 
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able months. Therefore in order to secure a steady supply of milk for 
city consumption, the price paid farmers must be enough higher in win- 
ter than in summer to offset the difference in cost of production. 

936. Reducing the cost of milk production^ — The studies of the 
cost of milk production have shown that the following are the most im- 
portant factors in reducing the cost of milk production : 

1. Large average yearly production. Of all the factors affecting 
the cost of milk, a large average yearly production per cow is the most 
important. The effect of this in reducing the cost of feed per 100 lbs. 
of milk has been emphasized previously. (785) To secure a large aver- 
age production the dairyman must first of all have good cows and cull 
his herd each year to get rid of the unprofitable animals. (789-790) 
Next, he must feed and care for these good cows so that they are given 
an opportunity to yield a profitable amount of milk. 

2. Balanced rations. Cows of high productive capacity cannot pro- 
duce a good yield unless they are fed adequate rations, properly-balanced 
in protein and supplying ample minerals and vitamins. (794) It has 
been clearly shown in the studies of the cost of milk production on 
dairy farms that an insufficiency of protein seriously reduces the yield 
of milk and consequently the net returns. 

Thus, in studies on 95 Wisconsin dairy farms it was found that in 
herds where decidedly unbalanced rations were fed which had a nutri- 
tive ratio of 1 :11.5, the average milk yield was only 74 per cent as large 
as where balanced rations were fed having a nutritive ratio of about 
1:7.0.^ Similarly, on rations having a nutritive ratio of 1:9.0, the 
yield was only 86 per cent of that secured with the ample supply of 
protein. 

3. A liberal hut not wasteful amount of feed. Large production is 
impossible without a liberal supply of feed, as has been emphasized 
previously. (804-807) When concentrates are very expensive in com- 
parison with roughage, it is most economical to feed less concentrates 
than are needed to meet the recommendations of the feeding standards. 
However, it is then especially important that the roughage be of excellent 
quality and that it be fed with great liberality. 

Wasteful feeding of concentrates must be avoided at all times. The 
amount fed to the individual cows in the herd should be strictly adjusted 
to their milk yields. 

4. Low-cost rations throughout the year. The annual feed cost 
must be kept as low as possible and yet high production must be main- 
tained. To achieve this result, good yields of crops of the best feeding 
value must be produced. The cost of efficient rations during the bam- 
feeding season can generally be kept at a minimum by providing an 
abundance of legume hay or of mixed hay high in legumes, along with 
good silage where silage is an economical feed. (864-867, 891-894) 
With such roughage it is not necessary to feed as great an amount of 
concentrates to secure high production, as when the roughage is poorer 
in quality. 

For economical summer feeding it is necessary to provide excellent 
pasture. This must be so fertilized and managed that it will provide a 
liberal supply of nutritious forage over just as long a period as is 
possible. (306-312) The pasture must be so supplemented with con- 
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centrales and other feed that a high yield of mil^ can be maintained 
throughout the season. (928-930) It is especially important that plenty 
of supplementary feed be provided whenever the pasturage becomes 
scanty. Otherwise the yield of milk will be seriously reduced. 

5. Maintaining health and avoiding heavy depreciation. Unless 
great care is taken to prevent disease and maintain the health of the 
herd, disease will destroy all possible profits. In keeping the cost of 
milk production low, it is especially important to eradicate Bang's dis- 
ease (infectious abortion), if it exists in the herd, and to handle the 
herd so that mastitis is reduced to a minimum. 

The necessary replacements for the milking herd can usually be 
provided most economically by raising properly the heifer calves from 
the best cows in the herd, sired by a bred-for-production purebred bull. 
In dairy districts where the cost of feed is not unduly high, many farm- 
ers reduce the cost of depreciation to a minimum by selling cows when 
they are in their prime and will bring a good price, instead of waiting 
until they must be discarded as culls. They replace these animals with 
good heifers which they have raised. Careless dairymen may sometimes 
raise just a^ many calves for replacement, but because of disease and 
poor management, never have any cows to sell except culls. 

6. A herd of sufficient size. If dairy cows are to provide the main 
source of income on a farm, a sufficient number must be kept to make 
an economical unit. If there are only a few cows in the herd, the gross 
income will necessarily be small, labor will be employed less efficiently, 
and if a bull is kept, the bull cost per cow will be greatly increased. 

7. Efficiency in the use of labor. Many dairymen do not fully 
realize the importance of efficiency in the use of labor to reduce the 
cost of milk production. There is a great range in the number of hours 
of labor spent in feeding and caring for the cows on individual farms, 
even where the milk is of the same quality from the sanitary standpoint. 
For example, in New Hampshire studies the number of hours of man 
labor per cow a year ranged from less than 100 hours to 241 hours.^ 

To reduce the time spent in doing chores the bam must be arranged 
conveniently and labor-saving equipment must be provided, such as auto- 
matic drinking bowls for the cows. Also, considerable time can often 
be saved by efficient planning of the daily routine. 

The studies of the cost of milk production have shown that those 
dairymen generally secure the better net returns who have a reasonable 
degree of efficiency in all these factors that have just been discussed. 
They secure larger net profits than the men who excel in one or two 
factors, but rank low in the others. 

II. Feeding and Caring for Cows on Test 

937. Official testing of dairy cows. — In the improvement of the 
breeds of dairy cattle in this country the systems of advanced registry 
testing have been of great importance. (792) It is but natural that 
the methods of official testing have undergone changes as additional 
knowledge has been gained concerning the fundamentals of breeding 
for milk production. For example, the 7-day and 30-day official tests, 
which once were most popular among Holstein breeders, have been en- 
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tirely superseded by tests covering a 305-day period or the entire year. 
The brief tests were discarded because they were less reliable than the 
long-time tests as an index to the real productive capacity of various 
cows. (829) 

All dairymen recognize that successful reproduction within a nor- 
mal period is fully as important as a record of high milk yield. To an 
ever increasing extent experienced breeders now favor, instead of the 
365-day test, the 305-day test with the additional requirement that the 
cow calve within a definite period. 

While a test covering one lactation period is an excellent index to 
the maximum productive capacity of a cow, a still better measure of 
her worth is a record over several consecutive years. Likewise, the best 
index to the value of the blood lines represented in a herd is provided 
by the records of all the cows in the herd, year after year. This is 
far more reliable than official tests on a few selected cows which are 
pushed to the utmost when they are being run on test. For these reasons^ 
the herd-test plan is becoming increasingly popular with breeders. 

The feeding and management of cows on official test is fully as 
much of an art as of a science. Starting with a cow of high productive 
capacity, which is always necessary, the completion of a notable record 
depends largely upon the intelligent feeding and painstaking care of an 
expert herdsman. The rations and methods employed by leading breed- 
ers differ widely in many details. In fact, nearly every champion cow 
has received a somewhat different ration from other record-breaking 
cows. This indicates that there are no secret formulas or methods of 
management which are outstanding in their superiority over all others: 

The following brief summary on the feeding and care of test cows 
is presented with the hope that it may be helpful to those who have 
not had experience in this field. This summary is based to a considerable 
extent on recommendations made by Harrison of the New York (Cornell) 
Station.® 

938. Pitting cows for official test. — The highest production of 
which a cow is capable can be secured only when she is carefully fitted, 
or fattened, before she freshens. It has been ' shown previously that 
when a cow calves in high condition her production of milk and fat is 
considerably increased during the early part of the lactation period, 
because she is able to draw on the store of fat in her body. (829, 923) 
In the case of cows of the lower-testing breeds, not only is the yield of 
milk and fat thus increased, but also the percentage of fat is generally 
raised to a marked extent during the first few weeks of lactation. 

A cow that is to be run on official test should be completely dry 
about 60 days before she is due to freshen. A longer dry period is not 
necessary for proper fitting, though some breeders prefer a dry period 
of 10 to 12 weeks. If the cow is not in fair flesh during the latter part 
of the lactation period, she should be fed a little more liberally than 
if she were not to be tested during the next lactation. Then she can 
be gotten into the desired condition in a 60-day dry period. 

The same concentrate mixture, or so-called ‘‘fitting ration,’’ may 
be used in fitting cows for official test that is used for the rest of the 
herd during the dry period. (923) The amount to be fed will depend 
entirely on the condition of the individual cow. It should not be 
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necessary to feed more than about 12 lbs. of the concentrate mixture 
daily. Extremely heavy feeding during the dry period is not economical, 
and may result in the cow having a poor appetite at the start of the 
test period. Some breeders feed as much as 20 lbs. of concentrates daily 
during the fitting period, but when this is done one must be very careful 
not to get the cow off feed. 

It is a good plan to feed during the dry period the same roughages 
that will be used when the cow is on test. A liberal amount of well-cured 
legume hay or of mixed hay rich in legumes should be fed, so that the 
«ow may receive a plentiful supply of vitamins A and D. Corn or 
sorghum silage is also excellent at this time. 

939. Peed and care before and after calving. — ^When the cow is 

to be kept in a box stall during the test period, she should be put in 
it a few weeks in advance of calving, so she will become used to her 
surroundings. The cow should be in the proper condition for freshening 
about 2 weeks before calving, because it may be necessary to reduce 
the concentrate allowance considerably to prevent extreme congestion of 
the udder. - ^ 

Some congestion is normal with cows of high productive capacity 
that are well fitted. However, the udder must not be allowed to become 
eaked and hard. If this occurs, the cow must be fed scantily for a time 
after she freshens. This will result in her using up her body reserve 
of fat very rapidly. Rubbing the udder twice daily with a mixture of 
one-half cod-liver oil and one-half ethyl alcohol will do much to prevent 
undue congestion and to keep the udder soft. 

Many breeders discontinue feeding the regular fitting concentrate 
mixture 10 days to 2 weeks before calving and give instead a “cooling 
ration.^’ However, no change in the mixture is necessary if the cow 
is not constipated. It is essential that her bowels be in a laxative con- 
dition before calving. A warm bran mash is an excellent mild laxative ; 
if necessary, the cow should be given a dose of mineral oil or Epsom salts. 

Those who prefer to use a special “cooling ration^’ before calving 
feed such a mixture as 2 parts wheat bran, 2 parts ground oats, and 
1 part linseed meal. For a day or so before calving, some breeders even 
feed no concentrates except a bran mash, or a warm mash made of 
equal parts of bran and whole oats. 

The care of a test cow at calving time is little different from that 
for any other cow. (925) The danger from milk fever is greater, how- 
ever, and preventive measures should be taken at the first signs of its 
appearance. The calf should be removed after it has had one feeding. 
In the Cornell University herd all cows in the dairy herd receive a sub- 
cutaneous injection of pituitrin after calving. This hastens the complete 
contraction of the uterus and greatly reduces the danger of metritis, or 
inflammation of the uterus. If metritis occurs, it can take off in a few 
days all the bloom and condition that has been put on the cow during 
the entire dry period. 

940. Getting the test cow on feed.— The cow must be gotten on 
feed as quickly as possible, but extreme care must be used not to force 
her too fast. For several days after calving the cow should be fed the 
tsame concentrate mixture used during the dry period (the so-called 
^‘fitting ration^ 0* Only a very small amount of the mixture should be 
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fed during the first 24 hours after calving. At each feeding 1 lb. of 
the mixture may be sprinkled over an allowance of soaked beet pulp. 

The amount to be fed after this must be determined by the condi- 
tion of the udder and by the cow's appetite. If the cow has been 
properly fed and cared for during the latter part of the dry period and 
if her udder is in good, pliable condition, 6 to 8 lbs. a day of the fitting 
ration may be fed during the second to the fifth day. On the other 
hand, if the udder is badly congested, but little of the fitting ration 
can be fed until the congestion is over. Though this extremely scanty 
feeding of concentrates is necessary under these conditions, it is unde- 
sirable from the standpoint of a high record. During this time the 
cow will not get nearly enough feed to cover her nutrient requirements, 
and therefore must draw heavily on the fat she has stored during the 
dry period. 

After the fifth day, if the cow has a good appetite and her udder 
is in satisfactory condition, the concentrate allowance should be grad- 
ually increased by adding a small amount of the concentrate mixture 
which is to be fed throughout the lactation period (the so-called ‘‘test 
ration"). The increase must be made very gradually, a good plan being 
to increase the amount at the rate of 0.1 lb. per feed until full feed 
is reached. When the cow is on full feed, the fitting ration is then 
gradually replaced by the test ration. 

At the first sign of a dull appetite, no further increase should be 
made until the cow seems ready to handle more feed. Concentrates 
should never be left before a cow hoping she will eat the remainder. 
If she needs the feed, she will eat it at once. In case the cow does not 
show an eager appetite, most experienced feeders of test cows advise 
reducing the concentrates for one or two feeds to allow her to become 
hungry. 

Only a good herdsman can decide when a cow is actually on full 
feed. The object should be always to feed no more concentrates than 
are needed for maximum production. Forced feeding is a foolish prac- 
tice. By crowding them on rich feeds beyond the safety point in an 
attempt to secure a little higher production, many valuable animals 
have unfortunately been sacrificed. In such cases they have failed to 
breed afterwards, their udders have been spoiled, or their digestive sys- 
tems have been injured. 

The upper limit of the concentrate allowance should be about 25 lbs. 
per head daily, not including soaked beet pulp which is often fed in 
addition, as is mentioned later. It is best not to feed first-calf heifers 
more than 15 lbs. per head daily of the concentrate mixture. 

941. Necessity of liberal feeding. — ^When maximum yields are de- 
sired from cows on test, they must be fed even greater amounts of 
nutrients than are recommended in the feeding standards. This is well 
shown in tests by Woodward of the United States Department of Agri- 
culture.^ In these experiments the records of cows on official test were 
compared with the records of the same animals made under the usual 
system of feeding and care for cows not on test. 

When on official test the cows were full fed on concentrates, with 
a large quantity of alfalfa hay, a small amount of silage, and soaked 
beet pulp in addition. They consumed somewhat more nutrients than 
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were required according to feeding standards for the amount of milk 
and fat they yielded. While on test the cows were milked 3 times a 
day, they were kept in box stalls, and they were bred to freshen about 
15 months from the previous date of calving. 

Because of the liberality of feeding and the other conditions favor- 
able for a maximum yield, the cows yielded approximately 50 per cent 
more milk than during other lactation periods when they were fed ac- 
cording to usual good dairy practice. When not on test, the cows 
received fully as great an amount of nutrients as advised in the feeding 
standards for the amount of milk they yielded. They were kept in 
stanchions, were milked twice a day, and were bred to freshen about 
12 months from the date of previous calving. 

In addition to showing the necessity of liberal feeding and the best 
of care when maximum records are desired, these experiments emphasize 
the difference between records of production under such test conditions 
and records under ordinary herd conditions. As Woodward concludes, 
‘‘A 400-pound record under herd conditions is equal to 600 lbs. under 
test condition^” 

942. Rations for test cows. — The ‘‘test rations,” or concentrate 
mixtures, used by various breeders for test cows differ widely, but 
nearly all have certa^in general characteristics. They are usually made 
up of a considerable variety of palatable feeds; they include a goodly 
proportion of such bulky feeds as wheat bran, ground oats, distillers’ 
corn dried grains, and dried beet pulp, and in addition a sufficient 
amount of protein-rich feeds, such as linseed meal, soybean oil meal, 
cottonseed meal, coconut oil meal, distillers’ com dried grains, and 
gluten meal or gluten feed. 

When the cows are fed a liberal amount of legume hay or of mixed 
hay high in legumes, it is advisable to use a concentrate mixture that 
contains about 16 to 18 per cent protein. If a mixture is used which 
is considerably higher than this in protein, a large excess of protein 
will be furnished, which will throw an increased load on the kidneys. 
When little or no legume hay is fed, the concentrate mixture should 
have 19 to 20 per cent protein. 

In order to provide plenty of fat for maximum production, the con- 
centrate mixture should contain at least 5 per cent of fat. (801) 
Since certain feeds may have a slight effect in increasing the fat content 
of milk, it is a good plan to include one or more of these feeds in the 
test mixture. Such feeds are coconut oil meal, soybeans, and palm- 
kemel oil meal. (832) 

A concentrate mixture that has given excellent results when used 
with legume hay in the Cornell University herd is: 400 lbs. ground 
com or hominy feed, 370 lbs. ground oats, 400 lbs. wheat bran, 300 lbs. 
distillers’ com dried grains, 300 lbs. coconut oil meal (old process), 
200 lbs. linseed meal, 10 lbs. salt, and 20 lbs. steamed bone meal. This 
mixture contains about 18.5 per cent protein. 

“ A concentrate mixture containing about 20 per cent protein, which 
is recommended by Bender of the New Jersey Station is as follows: 
600 lbs. ground com or hominy feed, 400 lbs. ground oats, 300 lbs. 
wheat bran, 250 lbs. linseed meal, 150 lbs. corn gluten meal, 150 lbs. 
cottonseed meal, and 150 lbs. brewers’ dried grains.® To each ton of 
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the mixture are added 20 lbs. ground limestone, 20 lbs. steamed bone 
m^al, and 20 lbs. salt. 

A concentrate mixture containing about 19 per cent protein, which 
.is recommended by Nevens of the Illinois Station, is: 560 lbs. ground 
com, 200 lbs. ground oats, 200 lbs. wheat bran, 200 lbs. dried beet pulp, 
400 lbs. linseed meal, 200 lbs. corn gluten feed, 200 lbs. cottonseed meal, 
20 lbs. steamed bone meal, and 20 lbs. salt.® 

The considerable difference in these formulas well shows that no 
one concentrate mixture is preferable to all others. In these mixtures 
ground barley or other grain may be substituted for part or all of the 
com. 

A test cow should be supplied with as much well-cured hay as she 
will eat, for this is the best insurance that she will receive a plentiful 
supply of vitamins A and D. Legume hay or mixed hay high in legumes 
is much preferable to grass hay. If the latter is used, it should be early- 
cut and of good green color. First-cutting alfalfa hay is satisfactory, 
if it is well cured, and may even be preferable to second-cutting or 
third-cutting hay, which is sometimes too laxative. Second-cutting 
mixed hay, high in clover or alfalfa, is excellent. 

Opinions differ concerning the feeding of silage to test cows. When 
silage is fed, the allowance should be limited to 20 or 25 lbs. per head 
daily. If test cows are provided all the silage they will eat, they will 
consume so much of this bulky feed that they will not be able to eat 
as much concentrates as needed for maxiipum productioti. 

Many experienced feeders of test cows prefer to use soaked beet 
pulp as a succulent feed instead of silage. The allowance is usually 
about 5 or 6 lbs. of dried beet pulp per head daily for cows of the 
smaller breeds and up to 9 or 10 lbs. for Holsteins. The dried beet pulp 
is soaked from one feeding time to the next in twice its weight of water 
or of water to which a little cane molasses has been added. A good way 
to feed the beet pulp is to put the weighed allowance in a water-tight 
bushel measure and then pour on enough water to cover it. The beet 
pulp is allowed to soak until the next feeding time, when the allowance 
of concentrates is mixed with the soaked pulp. 

Some years ago the feeding of sliced mangels or sugar beets to test 
cows was a common practice in the United States. There is no doubt 
that roots are an excellent feed for test cows, but it has been found 
that just as good results can be secured when dried beet pulp is fed. 
As roots are not an economical feed for stock in most sections of this 
country, they are now used much less frequently for feeding cows on 
test. ( 470 - 472 ) 

In summer, test cows should, if possible, be turned out on good 
pasture each day, but they should not be kept on pasture for so long a 
period that they will fail to eat the desired amount of concentrates. 
When they are started on pasture at the beginning of the season, they 
should not be left on the pasture more than an hour the first day, for 
too large an amount of the green feed will be unduly laxative. The feed- 
ing of hay should be continued throughout the pasture season, to avoid 
an over-laxative condition. 

Test cows are generally fed concentrates as many times a day as 
they are milked. When soaked beet pulp is fed, it is a good plan to mix 
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it with the concentrate allowance, so as to moisten the latter. This seems 
to make the concentrates a trifle more palatable. 

If the cows are in box stalls, the hay may be kept before them at 
all times in racks. Before each new supply of hay is put in the rack, 
any waste should be removed. 

943. General problems. — It is advisable to have cows freshen in 
the fall when they are to be placed on test, for their production will 
usually then be appreciably greater than if they freshen at another 
period of the year. (835) A cow that calves in the fall produces most of 
her milk during the cooler part of the year when her appetite is best and 
when she does not suffer from heat or flies. Also, the percentage of fat 
in milk is slightly higher during cool weather than in summer. (834) 
Where maximum records are desired, Holstein cows on test are 
usually milked 4 times a day and cows of the other breeds at least 3 times 
a day. (826) Box stalls should be provided for test cows when maxi- 
mum records are desired, for this slightly increases the yield that can 
-be obtained. (914) 

During'the winter, test cows should be turned out for exercise about 
an hour a day when the weather is good. Exercise aids in keeping the 
cows healthy and in developing a keen appetite. Also it keeps their legs 
in condition and prevents their hoofs from growing too long. In ex- 
tremely cold weather the time they are outdoors should be reduced to 
one-half hour, and they should not be turned out during storms. 

At all times cows should ^have comfortable quarters and regular care 
and attention, always by the same herdsman, if possible. The stable 
should be kept free from flies during the summer. It must always be 
borne in mind that only when a test cow is comfortable, contented, and 
in the best of health will she respond with continued production of the 
maximum yield of which she is capable. 

There is much difference of opinion as to whether or not the useful 
life of a dairy cow is shortened' by feeding her all the concentrates she 
will consume, in an effort to secure maximum production while she is on 
official test. Without much question, many cows have been injured and 
their future usefulness even destroyed by injudicious crowding when 
on test. On the other hand, by following such methods as have previously 
been described, experienced herdsmen are usually able to feed cows so 
as to' secure very high records of production without apparent injury. 

In this connection studies by Eckles of the records in the dairy herd 
at the Minnesota Station over a 29-year period are of interest.^® In this 
herd there was no marked increase in breeding troubles in the case of 
cows having high records of production. Of 37 cows with records of over 
600 lbs. of butter fat, only 2 became non-breeders. 

QUESTIONS 

1. Dilcnss the various items of cost in producing milk, stating the 7 classifications 

into which the expenses are commonly grouped. 

2. Estimate the approximate cost of producing milk in your locality according to a 

formula, and using local prices for feeds and for man labor. 

3. Discuss the effect of season of year on cost of milk production. 

4. State 7 important factors in reducing the cost of milk production. 
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5. What is the advantage of a 305-day oflScial record of production over a 365-day 

record ? 

6. Why is the herd-test of testing cows becoming more popular? 

7. Discuss the fitting of cows for official test. 

8. In what respects do the feeding and care of a test cow before and after calving 

differ from the feed and care of other cows at this time? 

9. State a good method of getting a test cow on feed. 

10. Describe the feeding of cows on test, considering (a) concentrate mixture; (b) 

dry roughage; (c) succulent feed; (d) pasture, 

11. Discuss the following points in running cows on official test: (a) Best time of 

year for freshening; (b) number of times cows are milked a day; (c) exercise; 

. (d) importance of comfort and regular care. 
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CHAPTER XXVIII 


RAISING DAIRY CATTLE 

I. Nutrients Required for Growth op Dairy Cattle 

944. Importance of raising good heifers. — It has already Been 
emphasized that the most important single factor in determining the 
financial outcome from a dairy herd is the productive capacity of the 
individual cows. (785) The most certain method of developing a high- 
yielding herd is by replacing the poor producers with well-bred, home- 
raised heifers of greater productive capacity. Such heifers should be 
from the best cows in the herd ; they should be sired by a purebred bull 
which has" been selected for ability to transmit high production; and 
they must be so raised that they will have a large capacity for converting 
feed into milk. 

The dairyman who follows the opposite plan of purchasing his re- 
placements will often be badly disappointed, even if he is careful to 
buy only heifers or cows whose appearance is promising. The farmer 
from whom he buys will naturally desire to retain for his own herd 
the heifers out of his very best cows. In addition to the difficulty of 
buying animals that will prove profitable, there is also much more danger 
of introducing disease when the replacements for the milking herd are 
continually purchased. 

945. Nutrient requirements. — ^Before discussing the various rations 
suitable for raising dairy cattle, we should have clearly in mind the 
nutrient requirements for growth, which have been considered in Chap- 
ter VII. (201-216) In raising dairy cattle especial attention must be 
given to providing: (1) Plenty of protein; (2) protein of satisfactory 
quality; (3) enough total digestible nutrients to permit normal growth; 
(4) sufficient minerals, especially calcium, phosphorus, and common salt ; 
and (5) liberal amounts of vitamins. These requirements are discussed 
in detail on the following pages. 

In the revised Morrison feeding standards, given in Appendix 
Table III, recommendations are made concerning the amounts of dry 
matter, digestible protein, and total digestible nutrients that should be 
supplied young dairy cattle at various stages of growth. These recom- 
mendations are based on the results of the experiments that have been 
conducted, especially by American experiment stations, to determine the 
nutrients needed for the normal growth and development of young 
dairy cattle. 

,946. Amount of protein required. — In common with other young 
animals, calves require a relatively large proportion of protein in their 
rations to provide the material needed for the rapid growth of the 
protein tissues of the body. The proportion of protein needed becomes 
less as the animal becomes older, because less of the gain in weight then 
consists of protein. 
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Investigations at several experiment stations have shown that young 
dairy cattle after the age of 6 months require considerably less protein 
for normal growth than was recommended in the Wolff-Lehmann and 
the Armsby feeding standards.^ But little definite information is avail- 
able concerning the minimum amounts of protein required by calves 
under 6 months of age. 

The results of the various studies on the protein requirements for 
growing dairy cattle have been taken fully into consideration in the 
recommendations made in the revised Morrison feeding standards, pre- 
sented in Appendix Table III. It will be noted that while the narrow 
nutritive ratio of 1 :3.9 to 1 :4.5 is recommended for calves 100 lbs. in 
weight, the nutritive ratio advised becomes wider as the animals grow 
older, reaching 1 :8.0 to 1 :8.4 for cattle weighing 1,000 lbs. 

947. Quality of protein. — Milk provides the best possible kind of 
protein for calves, and, furthermore, protein that makes good the defi- 
ciencies in the proteins of the cereal grains. Therefore, when calves 
are fed a normal amount of whole milk or skimmilk until 4 to 6 months 
of age, no special attention need be given to the quality of the protein 
furnished by the rest of the ration. As is pointed out later, an excellent 
ration for calves after 3 to 4 weeks of age is skimmilk plus plenty of 
cereal grain and good legume hay. 

In raising calves on calf meals or ^^calf starters,^’ which are sub- 
stitutes for whole milk or fluid skimmilk, the quality of protein is of 
great importance until they are 3 to 4 months of age. After this, if 
they are fed sufficient legume hay, satisfactory quality of protein is 
provided by a combination of such hay with the cereal grains and the 
common protein-rich feeds of plant origin, such as wheat bran, wheat 
middlings, linseed meal, cottonseed meal, soybeans, etc. Up to this age, 
a considerable part of the protein in the concentrate mixture should 
come from an animal by-product, such as dried skimmilk or buttermilk, 
dried blood, or fish meal, and at least some of it should preferably come 
from a milk by-product. 

When calves are raised on whey, which is relatively low in protein, 
care must be taken to provide plenty of protein in the concentrate mix- 
ture, but it is not necessary that any of this protein be of animal origin. 
This is because the small amount of protein in whey is particularly 
well suited to make good the deficiencies in the proteins of the grains 
and the common protein supplements of plant origin. Suitable concen- 
trate mixtures for use in the various methods of raising calves are given 
later in this chapter. 

948. Total digestible nutrients required. — Since the digestive tract 
of a young calf has not yet developed so that it can digest hay or 
other roughage it must be fed chiefly on milk and on concentrates high 
in digestible nutrients and low in fiber. As the calf grows older, it can 
utilize more and more roughage, until after 10 months of age the ration 
may even consist entirely of roughage, if it is of excellent quality. 

The amounts of total digestible nutrients advised in the revised 
Morrison feeding standards for young dairy cattle at various stages of 
growth are based on investigations conducted at several experiment sta- 
tions, especially at the Minnesota and Missouri Stations.^ It will be 
uoted that the amount of total digestible nutrients required per head 
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daily increases gradually from 1.5 to 2.2 lbs. at 100 lbs. live weight up 
to 11.4 to 12.6 lbs. at 1,000 lbs. live weight. 

949. Mineral requirements. — If Rowing dairy cattle are fed rations 
that are otherwise adequate and satisfactory, there will commonly be 
no deficiency of mineral nutrients, except of common salt, which should 
always be supplied. As soon as calves begin to eat grain, salt should 
be provided where they can have access to it and take what they wish. 
Under certain conditions there may also be a lack of calcium or of 
phosphorus. The importance of these minerals is discussed in detail 
on the following pages. 

Iodine is furnished in ample amounts by the ordinary rations fed 
growing dairy cattle in most districts.® If any calves at birth show 
evidence of goiter, or ‘‘big neck,” this should be prevented in the future 
by the use of iodine, as previously explained. (172) The use of iodized 
stock salt is a good means of preventing this trouble in iodine-deficient 
areas, and of supplying iodine to calves showing a tendency to have 
goiters. 

Milk is very low in iron and copper. However, when calves are 
raised according to any of the ordinary methods and given concentrates 
and hay to eat as soon as they desire these feeds, iron and copper will 
be adequately supplied.'* (173) 

Magnesium is provided amply by all normal rations for calves. 
Contrary to earlier opinions, feeding a ration high in magnesium to 
calves in Michigan and Minnesota experiments did not interfere with 
the building of calcium into the skeleton, nor did it prevent the cure 
of rickets when plenty of calcium, phosphorus, and vitamin D were 
provided.® 

950. Calcium and phosphorus. — The necessity of ample supplies 
of calcium, phosphorus, and vitamin D for the formation of bones by 
growing animals has been explained in Chapter VI. (159-163) If there 
is a deficiency of one or more of these essentials, rickets or other serious 
nutritional trouble will result. 

Milk is rich in both calcium and phosphorus, and therefore there 
will be no lack of these minerals during the period when calves are 
fed normal amounts of whole milk or skimmilk. Since legume hay is 
always high in calcium, calves will get plenty of it if they are fed the 
usual amounts of legume hay, or even of mixed hay containing a con- 
siderable proportion of legumes. Also, there will generally be no lack 
of calcium when young dairy cattle are on pasture, even on pasture 
consisting only of grasses/ unless the soil is unusually low in this min- 
eral. If there seems to be any danger of a lack of calcium, it may be 
readily furnished in the manner stated in Chapter VI. (165, 181) 

There will be no deficiency of phosphorus, after calves are weaned 
from milk, if they are fed 2 to 3 lbs. per head daily of a concentrate 
mixture containing 10 to 20 per cent of such protein supplements as 
wheat bran, wheat middlings, linseed meal, or cottonseed meal, which 
are -rich not only in protein, but also in phosphorus. When growing 
cattle are fed only cereal grains and legume or other hay, with or with- 
out com or sorghum silage, there may be a serious lack of phosphorus 
if the soil on which the roughage is grown is deficient in this mineral.® 
In all such cases bone meal or some other safe phosphorus supplement 
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should be provided, as previously advised. (166-171, 181) Whether or 
not there will be any benefit from adding a phosphorus supplement to 
a ration for growing dairy cattle will depend entirely on the actual 
phosphorus content of that particular ration.'^ 

Experiments at the Michigan and Massachusetts Stations show that 
the rations for dairy heifers should contain at least 10 grams (0.35 
ounce) of phosphorus per head daily up to the time of first calving.® 
During milk production the supply must be much larger than this. (812) 
This amount of phosphorus is the minimum that should be supplied 
when heifers are fed plenty of sun-cured hay and when they are turned 
outside daily where they are exposed to sunlight, thus receiving plenty 
of vitamin D. (191-192) Under less favorable conditions it is wise to 
furnish more phosphorus than this minimum amount. 

In Michigan experiments good growth and normal bone develop- 
ment were obtained when dairy heifers were fed a ration supplying 
only 6 to 12 grams of calcium per head daily from birth to about 
2 years of age.® However, it was concluded from Massachusetts investi- 
gations that heifers should receive about 20 grams of calcium per head 
daily for the first year and somewhat more during the second year.^® 
Since bone contains a much greater amount of calcium than of phos- 
phorus, it would seem wise, as a policy of safety, to supply somewhat 
more calcium than of phosphorus in the ration. 

So long as sufficient calcium and phosphorus are provided, the 
proportion between the amounts of these minerals (the calcium-phos- 
phorus ratio) can differ considerably, without producing any detri- 
mental results. (162) 

951. Vitamin requirements. — ^Vitamins A and D are of great im- 
portance in raising dairy cattle, for they often suffer from deficiencies 
of these vitamins. As is shown later, there is no lack of the other 
vitamins in the rations ordinarily fed to young cattle. 

Calves will receive sufficient vitamin A during the whole-milk 
period if they are fed milk from cows on normal rations, containing a 
reasonable amount of well-cured hay or other roughage high in vita- 
min A value (carotene content). (187-189) Later, when the calves 
are eating roughage, there will be no lack of vitamin A if they are 
fed good legume hay or even mixed hay containing one-third or more 
of legumes. Even when calves are changed from whole milk to skim- 
milk or milk substitutes at the usual ages for making such changes, 
vitamin A will not be deficient if they are encouraged to eat well-cured 
legume hay or mixed hay high in legumes as soon as they normally 
will take it. 

It is essential that growing dairy cattle get plenty of this vitamin^ 
for a lack of it will produce disaster, even in animals 1 to 2 years old.'^ 
It has been shown previously that when cows have been fed poor- 
quality timothy hay, deficient in vitamin A, as the only roughage for 
long periods, the milk has contained but little vitamin A. As a result 
it was impossible to raise calves on the milk, without some other source 
of vitamin A, when they were changed from whole milk to skimmilk 
at the usual time. (189) 

An ample supply of vitamin D is necessary in raising calves, for 
a lack of it will cause serious trouble from rickets.^^ The symptoms 
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of this nutritional disease have previously been described. (163, 190) 
Sometimes calves that have been making excellent growth develop mild 
cases of rickets, showing especially the characteristic sag in the back, 
just behind the shoulders. Such animals are growing rapidly in skele- 
ton and therefore need especially liberal amounts of vitamin D. 

Good-quality hay which has been cured in the sun, especially legume 
hay or mixed hay high in legumes, is the best safeguard against a 
lack 'of vitamin D in raising dairy cattle. Since whole milk is not rich 
in this vitamin, even a liberal amount of it may not furnish enough 
to protect calves against rickets. Fortunately, calves will begin to eat 
hay at 2 to 3 weeks of age and if then supplied with good hay, they 
will soon eat sufficient to furnish the needed amount of the vitamin. 

' Michigan experiments indicate that even 2 lbs. per head daily of 
sunrcured alfalfa or grass hay will furnish sufficient vitamin D for 
young calves, but that later more should be provided. 

Direct sunlight which has not passed through ordinary window glass 
has an anti-rachitic effect, due to the ultra-violet light in it. Exposure 
to direct sunlight in spring, summer, and fall will prevent rickets in 
calves, if th^ are receiving sufficient calcium and phosphorus. Winter 
sunlight in the northern states does not have enough anti-rachitic power 
to prevent the trouble, unless calves are getting some vitamin D in 
their ration. If calves are supplied with sufficient good-quality, sun- 
cured hay, they will seldom suffer from rickets, even during the winter, 
when they may not be turned out of doors at all. Indeed, calves and 
heifers have made normal growth in tests where they were never exposed 
to sunlight, but were fed plenty of good legume hay.^® 

When calves are fed the usual type of satisfactory ration, including 
plenty of good hay, there is no need to add a vitamin A or D supple- 
ment, such as cod-liver oil, or a vitamin concentrate.^* Such an addi- 
tion is not even necessary when a calf meal is fed in place of milk, 
if care is taken to get the calves to cat high-quality legume hay as 
early as possible.^® In case there has been any trouble from rickets, 
it is wise to add 0,25 per cent of a cod-liver oil concentrate or 0.5 per cent 
of cod-liver oil to the calf meal as an insurance against further trouble. 

There is apparently no deficiency of vitamin B in the usual rations 
for dairy calves and heifers. Except when calves are raised on a mini- 
mum amount of milk, they probably also secure plenty of vitamin G 
from rations that are otherwise satisfactory, for milk is very rich in this 
vitamin. 

In recent experiments at the New York (Cornell) Station there has 
been some benefit from adding yeast to the rations of dairy calves raised 
on a minimum amount of milk, a dry calf meal, and hay.^® On the other 
hand, in Minnesota experiments the addition of yeast to rations of whole 
milk or skiinmilk, hay, and grain for calves was not beneficial.^^ 

At least in certain instances, the vitamins in the vitamin B complex 
oan apparently be synthesized in the paunch of ruminants. (190) Calves 
have been raised successfully on rations so deficient in the vitamin B 
-complex that rats would die on the same ration in a few weeks.^® 

Yitctmin C is of no importance in the raising of dairy cattle. Calves 
have grown normally for a year on a ration so deficient in this vitamin 
that it would produce scurvy in guinea pigs within a month.^® (199) 




Thrifty, Promising Heifers Raised on Skim Milk 
With proper feeding and care, skim milk calves develop into just as good cows as 
those fed whole milk until weaning time. When calves have plenty of skim milk, 
they need little or no purchased protein-rich concentrates. 



Heifers Need Concentrates to Make Good Growth 

Many heifers are permanently stunted and never d(?velop their maximum 
productive capacity on account of insufficient feed or an unbalanced ration. 



Safety Buu. Pen with Breeding Chute and Breeding Rack 

This bull pen is equipped with a breeding chute and a breeding rack at the 
right, next to the shed, so that it is not necessary to handle the bull at 
time of service. The bull can exercise at will in the strongly-fenced pen. 
Note the steel oil drum in the pen near the corner. The bull plays with this 
and bunts it about, thus getting more exercise. (From Goodman, New York 
State College of Agriculture, Cornell University.) 
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There is no lack of vitamin E in normal rations for dairy calves 
and heifers, so far as is known. (200) 

952. Importance of water. — Calves over 8 weeks of age should 
have plenty of fresh water at least twice a day, even when they are 
fed normal amounts of milk. Up to 8 weeks of age, they will drink 
but little water if they have a liberal amount of milk, and there is then 
probably little advantage from supplying water in addition during this 
period. After this, they will drink rapidly-increasing amounts of water, 
and should be furnished it. 

In Idaho trials calves fed 12 to 16 lbs. of skimmilk a day to 6 
months of age drank the following amounts of water per day: At 
4 weeks of age, 0.07 lb. ; 6 weeks, 0.5 lb. ; 8 weeks, 2.2 lbs. ; 10 weeks, 
4.3 lbs. ; 12 weeks, 6.6 lbs. ; 16 weeks, 12.9 lbs. ; 20 weeks, 18.0 lbs. ; and 
26 weeks, 33.4 Ibs.^® It is especially important to provide plenty of 
water when calves are raised on a minimum of milk or on dry calf meals. 

The importance of supplying water even when calves receive a fairly 
liberal amount of milk is shown by Wisconsin trials in which calves 
were fed not to exceed 14 lbs. skimmilk per head daily to 6 months 
of age.^^ Calves supplied with water twice daily gained an average 
of 1.80 lbs., while others given no water gained only 1.36 lbs. Up to 
6 months of age the calves supplied with water drank an average of 
2,535 lbs. water. Calves fed no skimmilk, but only 400 lbs. of whole 
milk, with a concentrate mixture fed dry and clover hay, drank an 
average of 4,897 lbs. water up to 6 months of age. 

II. Raising Dairy Calves 

953, The new-born calf, — The care of the cow at calving time and 
the care of the new-bom calf have been considered in a previous chap- 
ter. (925) A new-born calf is very sensitive to the treatment it re- 
ceives and has but little resistance to certain diseases. Great care is 
therefore necessary to prevept infections, as has been emphasized in the 
previous discussion. The calf should always be protected from drafts 
and from cold and dampness, and the navel should be disinfected with 
tincture of iodine soon after birth. 

When a calf does not begin breathing promptly after birth, any 
mucus or membrane should be removed from its nostrils, and attempts 
should be made to start respiration by slapping the chest vigorously 
or by alternately compressing and relaxing it. If the cow^s udder is 
soiled, it should be washed with soap and water and dried with a clean 
cloth before the calf nurses. The calf should nurse within an hour 
after birth, and if it is weak and fails to nurse, it should be helped 
patiently to get its first meal. 

It is very important that the calf get one and preferably more 
feeds of the first milk, or colostrum. As has been shown in a previous 
chapter, this protects the new-bom young against certain diseases, espe- 
cially of the digestive system. (210) Missouri experiments show that 
if for any reason a calf cannot receive colostrum milk, an egg-white 
emulsion may be used as a substitute.*^ This is prepared by mixing 
the whites of 6 eggs with fresh cow^s milk for the first feeding. For 
the following feedings, one less egg is used each time. 
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964, Starting the calf on whole milk.— No matter what method of 
feeding is followed later, a calf should receive whole milk in normal 
amounts for at least 2 weeks, and preferably for 3 or 4 weeks or more 
if it is especially valuable or if it is not strong. For very young calves 
there is no satisfactory substitute for milk. This is because of the 
special virtues of milk as a food for young animals, which have been 
previously discussed. (207) When calf meals are substituted for milk 
at too early an age, the calf is unable to digest its food thoroughly, and 
digestive disturbances and scours usually follow.^® The digestive organs 
develop rapidly, however, and at 2 to 3 months of age the paunch has 
developed so that the calf can get a considerable part of its nutrients 
from ordinary concentrates and hay.** 

Except when calves are raised on nurse cows, a method which is 
discussed later, a calf is usually not allowed to remain with its dam 
more than 2 to 4 days. During this time the milk is not fit for human 
use on account of the colostrum characteristics. For the reasons stated 
previously, it is probably the best plan to separate the calf from the 
cow about *24 hours after birth. (926) 

Genuine hunger is a great aid in teaching a calf to drink, and there- 
fore the first lesson had better be postponed until 12 to 18 hours after 
it is separated from its dam. One should be patient with the calf and 
remember that its instinct is to seek its food at a level above its nose 
and not down in a pail, and also that it frequently bunts the udder 
of its dam while nursing, thus massaging it. The calf cannot be blamed 
if it follows these instincts for a time. 

After putting a quart of fresh, warm milk in a clean pail, one is 
ready for the first lesson. A common method is to back the calf into a 
comer and stand astride it to hold it fast. Then hold the pail in one 
hand, dip the fingers of the other in the milk, and while the calf is 
sucking the fingers, bring its nose down into the milk. Then gradually 
withdraw the fingers, holding them at the end of the nose for a little 
while. Above all, use patience in repeating the process as needed. 

The calf pails in which milk is fed must be kept scrupulously clean 
and should be sterilized, if possible. A good rule is to cleanse them 
as thoroughly as the milk pails. Sometimes calf-feeding devices are 
xised, in which the calf sucks the milk through an attached nipple. 
Especial care is necessary in keeping such equipment sanitary. 

The young calf should be fed sparingly, for there is much more 
danger of overfeeding the first few days than of underfeeding. For 
the first day or two 5 or 6 lbs. of milk daily is a safe allowance for 
an average calf, with 8 lbs. as a maximum for a large, lusty one. This 
allowance should be. divided between 2 or 3 feedings and the amount 
of each should be measured or weighed and not estimated. The milk 
should be fed as fresh as possible and at a temperature of 90® to 
100® F., determined by a thermometer, instead of guessing at it. Feed- 
ing 3 times a day is slightly better for the calf during the first week 
or so and is advisable if the cows are milked thrice daily. If they are 
milked only twice a day, most dairymen consider that there is not 
enough benefit from feeding the calves at noon to warrant the trouble 
of warming the milk. 

If possible, it is a good plan to feed the calf milk from its dam for 
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the first few days, unless the milk is very high in fat. In this case 
it may be wise to use milk from a low-testing cow for a week or two, 
or else to add warm skimmilk or water to lower the fat percentage. 
In recent Iowa tests there was, however, no apparent difference in the 
rate of digestion of milk containing 3 per cent fat and of that having 
6 per cent fat.^® 

The allowance of milk should be gradually increased as the calf 
grows older, if it is thriving. Overfeeding, the cause of much trouble 
ill calf rearing, should be avoided at all times. A safe plan is to keep 
the calf a little hungry. A good rule to follow is to feed whole milk 
at the rate of 1 lb. daily per 10 lbs. live weight. Weak or sickly calves 
should be fed even less, and the allowance should not usually exceed 
12 lbs., even for a large and vigorous calf. In case of indigestion or 
scours, the allowance should immediately be cut in half until the calf 
recovers. 

Especially with Guernsey or Jersey milk, some advise adding one- 
half pint of limewater to each feeding of milk until the calf is 3 or 4 
weeks old. This helps prevent the formation of hard curd that cannot 
be readily digested. 

Hand-reared calves should be confined in stanchions for a time 
after the milk is drunk, until they consume their concentrate allowance 
and overcome the desire to suck each other’s ears or udders. When this 
precaution is neglected, the shape of the udder may be injured or a 
heifer may later persist in sucking herself or other cows. 

956. Precautions in rearing calves. — In addition to suitable feed 
intelligently supplied, attention to the following points is necessary for 
success in rearing calves: The stable should be well ventilated and 
lighted, and reasonably warm in winter. Cold drafts must be avoided. 
The stalls must be kept clean and should be well bedded. In all cases 
the calves should be fed at regular intervals and any increase or change 
in the feed should be made gradually. Water and salt should always 
be supplied. In summer shade should be provided for calves on pasture. 
The feeder should watch for any signs of scours and at once take suit- 
able measures to overcome the trouble. If necessary, the calves should 
be treated for lice or ringworm. 

968, Various methods of raising calves. — When it is desired to 
raise dairy calves so they will make maximum growth, regardless of 
expense, there is no better method than to continue the feeding of a 
considerable amount of whole milk for 6 months or longer. On account 
of the expense involved, however, relatively few dairy calves are raised 
by this method, except when they are reared by the ‘‘nurse-cow 
method.” After calves have a good start on whole milk, they may be 
raised successfully by several different methods. When skimmilk is 
available, the calves are usually changed to this by-product at 2 to 4 
weeks of age. Whey and buttermilk are also satisfactory substitutes 
for whole milk, if properly fed. Dried skimmilk, dried buttermilk, or 
semi-solid buttermilk may be diluted with water to the same concentra- 
tion as skimmilk or buttermilk and fed in this form as a milk substi- 
tute. Another method is to raise the calves on a minimum amount of 
whole milk, weaning them at 7 to 9 weeks of age, or even earlier, and 
then feeding them only a dry calf meal, or “calf starter,” and hay. 
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Still another method is to wean them at an early age and then feed 
them a calf meal in gruel form as a milk substitute. These various 
methods of raising calves are all discussed in later paragraps of this 
chapter. 

967. Feeding grain and other concentrates. — ^When the calf is 
1 to 2 weeks old, it should be taught to eat concentrates. Though cer- 
tain mixtures are especially popular for feeding young calves, almost 
any mixture of the farm grains is satisfactory, or even a single grain^ 
or else a simple mixture, such as a combination of grain and wheat bran 
or linseed meal or with both these feeds. As long as the calf gets 
plenty of whole milk, skimmilk, or buttermilk, it will receive sufficient 
protein in the milk, and it is not necessary to feed a large proportion 
of a protein supplement. Adding a small amount of such a feed as 
wheat bran or linseed meal to grain will usually make the mixture more 
palatable to calves, and therefore may be advisable, merely from this 
standpoint. 

Such mixtures as the following are excellent for calves that receive 
plenty orf milk : 

(1) Corn, 30 lbs.; oats, 30 lbs.; wheat bran, 10 lbs,; linseed meal, 

10 lbs. 

(2) Corn, 40 lbs.; oats, 30 lbs.; wheat bran, 20 lbs.; linseed meal, 

10 lbs. 

(3) Equal weights of com or barley and of oats or wheat bran. 

(4) Com, 30 lbs. ; wheat bran, 10 lbs. 

(5) Com, 30 lbs.; linseed meal, 5 lbs. 

(6) Com, 40 lbs.; wheat bran, 10 lbs.; linseed meal, 10 lbs. 

Whole or ground oats are also often used as the only concentrate. 

In these mixtures other grains may be substituted for the corn and 
oats. These mixtures all provide sufficient protein for calves raised on 
plenty of milk (whole milk, skimmilk, or buttermilk). If the amount 
of milk is limited and especially if calves are weaned at an early age 
and raised on concentrates and hay alone, the mixture must contain 
much more protein. Also, a larger proportion of protein supplements 
is required when calves are raised on whey. Suitable mixtures to use 
under these various methods of feeding are stated later in the discus- 
sions of these methods. 

The calf is taught to eat concentrates by putting a handful or less 
in the bottom of the pail after it has finished drinking its milk. Some 
add the concentrates to the milk, but this is inadvisable, as the meal is 
then often chewed less thoroughly. The calf that is backward may be 
taught to eat the mixture by rubbing some on its muzzle when it is 
through drinking milk, or by putting a little in its mouth. After the 
calf has learned to eat concentrates, the mixture should be fed dry in 
a suitable feed box or in the manger. Until the calf is 2 to 3 months 
old, it can be allowed to eat as much of the mixture as it desires, a 
supply being kept before it in a feed box. Care should be taken to 
clean the box out regularly. 

Calves fed a liberal allowance of skimmilk may be permitted to eat 
up to 4 lbs. of the concentrate mixture a day, and those raised on a 
calf meal, up to 5 lbs. a day. If the calves begin to exceed these limits, 
the proper amount should be hand-fed twice daily, instead of letting 
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them have as much as they will eat. Otherwise, they will fail to consume 
sufficient roughage, and also the cost will be unduly high. 

958. Concentrates for calves. — The grains most commonly used 
for calf feeding are corn, oats, and barley, but the other grains can all 
be used satisfactorily. It was shown in a Wisconsin trial that white 
corn is as satisfactory for feeding to calves as yellow corn, if they are 
fed well-cured, green-colored hay, which is rich in vitamin A.^® 

Calves chew corn or oats thoroughly up to an age of 6 to 8 months 
and, after they have learned to eat concentrates, show a preference for 
the whole grain. Therefore, the whole grain gives as good or better 
results than when ground.^^ When such a mixture as com and linseed 
meal is fed, the com is often ground to prevent the linseed meal from 
separating out. After calves are 6 to 8 months old, they chew grain 
less thoroughly, and com and oats should then be ground. Such hard 
grains as barley, wheat, and the grain sorghums should always be 
ground. Coarse grinding is preferable to fine grinding for calves. 

Dried beet pulp may be used as a substitute for part of the grain 
for calves 2 to 3 months old or more. (644) 

Cane molasses, or blackstrap molasses, which is often a cheap feed 
in the South, is apt to produce scours, if young calves are allowed all 
the molasses they will eat. However, in Louisiana trials it was found 
that if calves were fed 1 to 2 ounces of molasses, along with concen- 
trates, at the start and the amount of molasses was then increased only 
about 2 ounces per head daily each week, there was no trouble from 
scouring.^® At the end of 21 weeks the calves were safely fed 2 lbs. 
of molasses a head daily with an equal weight of concentrates. (641) 
Wheat bran and linseed meal are the most popular protein-rich 
feeds of plant origin for use in calf feeding, due to their palatability 
and general nutritive effect. (539, 591) 

Flour wheat middlings and standard wheat middlings are excellent 
ingredients for calf meals, especially for young calves. Red dog flour 
is often used in mixtures for calves raised on a minimum of milk, on 
account of its high digestibility. (543-545) 

Cottonseed meal may be used satisfactorily in a concentrate mix- 
ture for calves, if the mixture does not contain more than about 20 per 
cent of cottonseed meal and if the calves are supplied with good rough- 
age, high in vitamin A. For example, in South Carolina experiments 
good results were secured with a calf meal consisting of 20 lbs. cotton- 
seed meal, 39 lbs. ground yellow corn, 40 lbs. ground oats, and 1 lb. 
«alt.2® At least after calves are 3 to 4 months old, they may be fed 
larger proportions of cottonseed meal with safety. (583) 

Soybean oil meal is an excellent protein supplement for calves, be- 
cause of the good quality of the protein and the high digestibility of 
the feed. (595) 

Dried skimmilk provides the best possible quality of protein in calf 
meals for use in raising calves on a minimum amount of milk, but it is 
often an expensive source of protein. (622) Therefore care should be 
taken not to feed a larger proportion than necessary, and fish meal or 
soluble blood flour can be used as partial substitutes. As discussed later, 
calves are often raised on reconstituted skimmilk, made by dissolving 
<iried skimmilk in water. (966) 



600 FEEDS ANt) FEEDING 

Dried huttermilk is a satisfactory substitute for dried skimmilk, 
but is apt to be laxative in effect. Therefore in changing calves from 
whole milk to reconstituted buttermilk, more care is necessary than in 
the case of skimmilk. (622) 

Blood meal, or dried blood, is often used as an ingredient in calf 
meals. (632) Soluble blood flour, produced at a lower temperature 
than ordinary blood meal, has been considered preferable, since the pro- 
tein in the latter is not very well digested by calves.^® However, in an 
Ohio test ordinary blood meal was as satisfactory as spray-dried soluble 
blood flour for use in the New Jersey calf meal mentioned later.^^ (970) 

Blood meal is usually not palatable to calves at first, and if it is 
used as the chief protein supplement in a calf meal, special care may 
be required to get them started on it. 

Fish meal is not equal to dried skimmilk as the chief source of 
protein for young calves but can be used satisfactorily as a partial sub- 
stitute for it.®^ For example, 5 to 10 per cent of fish meal and 10 
per cent of dried skimmilk can be used in place of 20 per cent of dried 
skimmilk. Pish meal dried at a low temperature supplies vitamin D 
and therefore should aid in preventing rickets. (635) 

Meat scraps, or dry-rendered tankage, can also be used as a pro- 
tein supplement in calf meals. It is best used as a partial substitute 
for dried skimmilk or dried buttermilk. (627) 

959. Importance of hay for calves. — Since green-colored, sun-cured 
hay is the richest source of vitamin D among common feeds and is also 
high in vitamin A, it is very important that calves have access to good 
hay as soon as they will eat it. At about 2 weeks of age a handful of 
such hay should therefore be placed each day where the calf can get it. 
Little will be eaten at first, but even this may be “very important in 
supplying needed vitamins and thus preventing rickets and other 
troubles. As the calf grows and its paunch develops, more hay will be 
eaten, until at 6 months of age it should be eating 3 to 5 lbs. a day. 
The best way to feed hay is in a slatted rack. All uneaten hay should 
be removed daily and fed to other stock, for calves do not like hay 
which has been picked over. 

From the standpoint of the amount of protein, calcium, and vita- 
mins A and D supplied, leafy, fine-stemmed legume hay is the best for 
calves. Sometimes young calves will eat so much of such hay that its 
laxative nature will cause them to scour. This can be avoided by limit- 
ing the amount or by starting them on mixed legume-and-grass hay. 
There is much unwarranted prejudice against pure legume hay for 
calves, especially on the part of those who have had little experience 
in using it. In experiments over 6 years by the author and associates 
at the Wisconsin Station, calves were allowed access to red clover hay 
from the start with uniform success, and in later trials were fed alfalfa 
hay with similar success.** Probably many cases of scours have been 
attributed to the laxative properties of legume hay when some other 
factor has been responsible. 

In general, the leafier the hay is, the higher will be its value for 
calves. Therefore second-cutting clover or alfalfa hay is preferred to 
the first cutting. Good-quality soybean hay and cowpea hay are also 
very satisfactory for calves.*^ Hay from the grasses or cereal hay is 
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inferior to legume hay, for it is much lower in protein, calcium, and vita- 
mins. If it is necessary to use such hay for calves, it should be early-cut 
and well-cured. 

The importance of legume hay in raising dairy cattle is well shown 
in Arkansas experiments in which dairy heifers were raised on either 
alfalfa hay or prairie hay as the only roughages, with a concentrate 
mixture lacking in vitamin A.^® While satisfactory growth was pro- 
duced on the prairie-hay ration, when the heifers freshened they were 
unable to produce a normal amount of milk, and one became sick, even 
though the ration contained plenty of protein, calcium, and phosphorus. 
Changing the heifers to alfalfa hay or green grass had a beneficial effect. 
In contrast to the results on prairie hay, the ration containing alfalfa 
hay as the only roughage was satisfactory for growth and also for repro- 
duction and lactation. 

It is never safe to attempt to raise calves without plenty of good 
hay or other good roughage. As has been shown earlier, most attempts 
to raise calves on milk alone or on milk and grain without roughage 
have ended in failure, and limited success is possible only when special 
mineral and vitamin supplements are skillfully added to such a 
ration. (137, 208) 

Occasionally a calf will show an abnormal appetite and wiU eat the 
bedding or will gorge on an undue amount of hay, which may result in 
a serious digestive disturbance. Fortunately, this rarely happens with 
healthy calves. Some breeders keep muzzles at hand and if a calf shows 
such a tendency, they muzzle it for the first month, except at the time 
it is fed milk and concentrates. The use of muzzles on all calves for 
the first month has been advocated as a protection against such trouble, 
but on account of the nutritive benefits that young calves secure from 
good hay, this practice seems unwise, except perhaps where there have 
been severe losses' from calf diseases. 

960. Succulent feeds. — ^A small amount of good corn or sorghum 
silage, free from mold and not too acid, may be fed to calves after they 
are 6 to 8 weeks old,^® but many prefer not to feed silage until the calves 
are 4 or 5 months old. The use of silage is not at all necessary in 
raising good calves, and feeding silage too early may cause more trouble 
from scours. 

Adding silage to a ration including plenty of good hay may increase 
the rate of gain slightly and is often economical in the corn belt. How- 
ever, com or sorghum silage should not be used as a substitute for good 
hay, since it is not rich in protein or calcium, and since it also does not 
generally supply as much vitamin A or vitamin D as does well-cured 
hay. Calves will eat about 2 lbs. of silage per head daily from the 
second to the third month and gradually increase their consumption 
until they are taking about 10 lbs. at 6 months of age. Should the calves 
not be gaining rapidly enough, it may be necessary to reduce the allow- 
ance of silage and increase the amount of concentrates and hay. 

Roots are a satisfactory succulent feed for calves, but are usually 
much more expensive than silage. 

961. Pasture. — ^Pasture is excellent for calves old enough to make 
good use of it. However, if they are pastured at too early an age, there 
is more trouble from scours, and they may suffer from heat and flies. 
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Many prefer not to turn calves on pasture until they are 5 to 6 months 
old but keep them in the stable where they are more sure to receive the 
proper feed and attention. However, thrifty calves do well on pasture 
after they are 2 to 4 months old, or even earlier, providing they are 
accustomed to the green feed gradually, are fed plenty of other feed, 
and are supplied with shade and shelter, salt, and fresh water. The 
scrawny, pot-bellied calves one often sees on pasture are usually not a 
result of the pasturage, but of the lack of milk and grain and of proper 
daily attention. As has been pointed out previously in this chapter, 
direct sunlight is an effective aid in preventing or curing rickets, and 
for this reason during warm weather it is well to let calves over 2 months 
of age have access to clean outside pens, if they are not on pasture. 

962. Raising calves on skimmilk. — Whenever skimmilk is avail- 
able, the calves should be changed from whole milk to this by-product 
as soon as they have a good start. Numerous experiments have shown 
that under proper management skimmilk calves will make excellent 
growth and gains.^® For example, Holstein calves, changed to skimmilk 
at 3 or 4 weeks of age and continued on a moderate allowance to 6 
months of age, will gain 1.50 to 1.75 lbs. a day, which is considered above 
the normal rate. 

Calves raised on skimmilk may not make quite as rapid gains the 
first few months as when they are continued on a liberal allowance of 
whole milk. However, they will be just as large by the time they are 
18 months to 2 years old and they will develop into just as productive 
cows. 

Skimmilk should be fed, if possible, fresh and warm from the farm 
separator. If the milk is not warm, it should be heated to 90® to 100® F. 
before feeding. In very cold weather the skimmilk may not be warm 
enough as it comes from the separator and the temperature should be 
tested with a thermometer. Contrary to common opinion, Montana and 
South Dakota trials show that it is not injurious to calves to feed them 
the foam which normally collects on separated milk, providing the 
proper total amount of milk is fed.®® Calves getting considerable foam 
may be a little bloated immediately after feeding, but the condition 
soon disappears. 

After the calf is 2 to 4 months old, it can usually be accustomed to 
cool milk, if the temperature is reasonably uniform. Also, sour milk 
can then be fed, if it is not stale or contaminated with undesirable bac- 
teria, and if it is uniformly fed sour, and not sweet at one feeding and 
sour at another. 

In raising calves on skimmilk, the change from whole milk to skim- 
milk may begin when the calf is 2 to 4 weeks old, the exact age depend- 
ing on the vigor of the calf. The change should be made at the rate 
of about 1 lb. a day over a period of 7 to 10 days. In the case of very 
valuable calves, some whole milk is often fed for 2 months or longer. 

After the calf has been changed entirely to skimmilk, the allowance 
may* be increased very gradually, if the calf is doing well. Not over 
14 to 16 lbs. of skimmilk daily are needed to ensure good development, 
but if an excess is available after any pigs or poultry have been pro- 
vided for, large vigorous calves may be fed somewhat more. The allow- 
ance should not exceed 18 lbs. daily until the calf is 6 weeks old, but 
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after this vigorous calves may be allowed to drink as much as they wish 
in addition to their grain and hay.^® 

If only a small amount of skimmilk is available, very good gains 
can be secured on only 10 lbs. of skimmilk per calf daily, along with 
plenty of concentrates and good hay. In 2 trials at the Wisconsin Sta- 
tion calves thus fed gained an average of 1.52 lbs. a head daily, in 
comparison with 1.72 lbs. for others fed 14 lbs. of skimmilk a day.*^ 

If the supply is suflScient, skimmilk feeding should be continued 
for at least 6 months, but when the supply is scanty, thrifty calves can 
be weaned at 2 to 3 months and then be fed on a calf meal, as is described 
later. In the case of a very valuable calf, it may be wise to continue 
skimmilk feeding until the calf isV or 8 months old. 

The importance of pasteurizing skimmilk, buttermilk, or whey be- 
fore they are returned from the factory to the farm has been emphasized 
previously. (621) If the herd is not free from tuberculosis, even farm- 
separated skimmilk should be heated to 170° F. to destroy any tuber- 
culosis bacteria that might infect the calves. 

963. Concentrates for skimmilk-fed calves. — Skimmilk differs in 
composition from whole milk only in having had most of the fat removed. 
Consequently, the proportion of protein to other nutrients is much 
higher in skimmilk than in whole milk, which is itself a protein-rich 
food. Accordingly, in choosing supplements to feed with an ample 
amount of skimmilk, the need is not for additional protein, but for an 
abundance of energy-giving, easily-digested carbohydrates or fat to re- 
place the fat removed from the whole milk. 

The concentrates for calves fed a liberal amount of skimmilk should 
consist chiefly or even entirely of farm-grown grains. Experiments 
have shown clearly that calves thus fed make just as rapid and much 
more economical gains than when their concentrate mixture contains a 
large proportion of protein-rich feeds, such as linseed meal or wheat 
bran.'*^ Any of the concentrate mixtures are satisfactory that have been 
suggested earlier in this chapter for feeding with an ample supply of 
whole milk. 

Grain gives very satisfactory results when used as the only con- 
centrate for calves getting plenty of skimmilk. If such palatable protein- 
rich feeds as wheat bran and linseed meal are added to grain, the mix- 
ture is usually liked a little better by young calves and therefore they 
will cat more of it and make slightly more rapid gains. 

For example, in each of three Wisconsin trials, one lot of Holstein 
and Guernsey calves was fed ground corn as the only concentrate, with 
not to exceed 14 lbs. of skimmilk per head daily and what clover hay 
they would eat.^^ In comparison another lot was fed the same, except 
that a concentrate mixture was used consisting of 40 lbs. ground corn, 
30 lbs. ground oats, 20 lbs. wheat bran, and 10 lbs. linseed meal. The 
corn-fed calves were vigorous and growthy and gained, on the average, 
1.69 lbs. per head daily to 6 months of age, which is an excellent rate of 
gain and considerably above the usual normal. Those fed the mixture ate 
slightly more concentrates, on account of the palatability of the mixture, 
and gained 1.80 lbs. a day, or only 0.11 lb. more than those fed com 
as the sole concentrate. At 6 months of age the calves fed the mixture 
had gained 20 lbs. more, but their feed cost per head was $0.78 higher. 
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Oats, whole or ground, and ground barley also give good results as 
the only grain for skimmilk-fed calves. A mixture of grains may be 
more palatable than a single grain, and ground wheat or grain sorghums 
are satisfactory in such mixtures.^^ Rye is less palatable and should not 
form too large a part of a concentrate mixture for calves. 

While various fats and oils may be used to supplement skimmilk, 
the cereal grains, rich in carbohydrates, are cheaper and more satisfac- 
tory than oils for calf feeding.**® Unless oil is fed as an emulsion with 
the milk, it is apt to produce indigestion and scours, for young animals 
in general have but limited ability to digest fat. 

964. Raising* calves on buttermilk. — Where available, fresh butter- 
milk is a good substitute for skimmilk and should be used in the same 
manner and with the same precautions, being heated to 90"* to 100° F. 
before feeding.^^ It is well not to begin changing calves to buttermilk 
until they are 4 weeks old, as buttermilk sometimes has a more laxative 
effect than skimmilk. The watery slop sometimes obtained from cream- 
eries, often from filthy tanks, is unfit for calves, as it is almost sure 
to cause scours. 

965. Raisiifg calves on whey. — ^Whey can be successfully used for 
calf feeding, if it is fed with a suitable concentrate mixture and if it 
is of good sanitary quality, and not from a filthy whey tank. It must 
be borne in mind that most of the protein has been removed in cheese- 
making and that each 100 lbs. of whey supply only 0.8 lb. protein. 
Fortunately, this protein, though small in amount, is of the highest qual- 
ity. Since whey is not a protein-rich feed like whole milk or skimmilk, 
a concentrate mixture rich in protein must be fed with it. 

To prevent disease, whey should always be pasteurized or sterilized 
before being returned from the cheese factory to the farm. Whey that 
is allowed to ferment and putrefy in dirty whey tanks cannot be suc- 
cessfully used in calf feeding, but whey soured under sanitary condi- 
tions is satisfactory, if sour whey is fed every day. Changing from 
sweet whey one day to sour whey the next may cause scours. In making 
the change from whole milk to whey somewhat more care is necessary 
than in changing to skimmilk. 

Two Wisconsin trials show the good results that can be secured from 
whey under proper conditions.*® Calves were changed graduaUy from 
whole milk to skimmed whey at 3 weeks of age during a period of 
10 days. In addition, they were fed clover hay and a protein-rich mix- 
ture, consisting of 30 lbs. ground corn, 30 lbs. standard wheat middlings, 
and 40 lbs. linseed meal. The allowance of whey was gradually increased 
to 14 lbs. per head daily at 6 weeks of age. These calves gained an 
average of 1.48 lbs. per head daily and were vigorous and thrifty. Calves 
fed a liberal allowance of skimmilk at the same time gained 1.72 lbs. 
Satisfactory results have also been secured with whey in other trials 
when properly fed.*^ 

986. Dried skimmilk or buttermilk; semi-solid buttermilk. — In 

districts where whole milk is marketed and no dairy by-products are 
available on the farm, calves are often raised on reconstituted, or re- 
made, skimmilk or buttermilk. This is made by mixing dried skimmilk 
or dried buttermilk with warm water at the rate of 1 lb. to 9 lbs. of 
water. ..First mix the dried product to a smooth paste with an equal 
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weight of cold water and then add 8 parts more of warm water. This 
solution will have practically the same composition as fluid skimmilk or 
buttermilk. 

When the reconstituted milk is fed in the same manner and in the 
same amounts as skimmilk or buttermilk, nearly as good results can be 
secured with it.^® The only difficulty is tliat dried products are often 
expensive. Changes can be made freely from skimmilk to reconstituted 
skimmilk or from buttermilk to reconstituted buttermilk, if the supply 
of the fluid by-products is variable from day to day. 

Semi-solid, or condensed, buttermilk may be used in the same man- 
ner as powdered buttermilk in making reconstituted buttermilk, but it 
requires about 3 lbs. of semi-solid buttermilk to 7 lbs. of water to make 
a solution of the same composition as fluid buttermilk.'*® If a more 
dilute solution is fed, as is often done, the feeding of a given amount 
of the solution will obviously not produce as good gains as the same 
weight of skimmilk or buttermilk. The acidity in semi-solid buttermilk 
sometimes causes calves to scour severely, and it is then necessary to 
neutralize it with lime water before feeding.^® 

On account of the usual high cost of dried skimmilk, dried butter- 
milk, or semi-solid buttermilk, the feeding of reconstituted skimmilk or 
buttermilk is often not continued as long as when fluid skimmilk or but- 
termilk is available. Instead, the calves are weaned at 2 to 3 months 
of age and then fed only a concentrate mixture and hay, the same as 
when they are raised on a minimum amount of whole milk or of skimmilk. 

As is pointed out later, dried skimmilk and dried buttermilk are 
excellent protein supplements to include in a calf meal for young calves, 
to be fed either dry or in gruel form. 

967. Rais’ng calves on nurse cows. — Where dairy by-products are 
not available on the farm, some use the ‘‘nurse-cow method of raising 
calves with much success.®^ In this method 2 to 4 calves of about the 
same age and vigor are kept in a box stall with a cow, competing for 
her milk. The calves should be taught to eat a dry calf meal and hay 
as soon as possible and may be weaned, if necessary, at 2 to 3 months 
of age. During her lactation one cow may thus raise several calves to 
the weaning age. Often a hard milker or low tester can well be used 
for this purpose. This system takes a minimum of labor and reduces 
the trouble from scours, if the number of calves is properly adjusted to 
the milk yield of the cow. 

968. Raising calves on dry calf meals and a minimum amount of 
whole milk. — When no skimmilk, buttermilk, or whey is available, a 
method often followed in raising calves is to give them a good start on 
normal amounts of whole milk and teach them to eat a dry calf meal 
and good hay as soon as possible. Then, if they are thrifty, the amount 
of milk is gradually reduced and they are weaned entirely from fluid 
milk at 7 to 9 weeks of age, after this being fed only the dry calf meal, 
or “calf starter,’^ with plenty of good hay and with water to drink. 
Such a method saves considerable labor in comparison with the feeding 
of reconstituted milk or of calf meal in gruel form, for there is no 
mixing and warming of a fluid food and washing and sterilizing of calf 
pails, after the calves are weaned. 

This method of raising calves has been studied at. several stations. 
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with the following general results and conclusions:®* The results are 
somewhat more variable with this method than when calves are raised on 
plenty of skimmilk or reconstituted milk. To secure the best results from 
this method, the calves must be well started on the dry calf meal and 
hay before they are weaned from milk. Excellent-quality legume hay or 
mixed hay high in legumes must be fed, and if a calf is delicate or sickly, 
whole milk feeding must be continued until it is strong and vigorous. 

Calves are sometimes weaned from whole milk before 6 weeks of 
age, but they then often gain poorly for a month or more and become 
scrawny and pot-bellied. Later they may make good gains and reach 
normal weight and height at 12 to 24 months of age. Holstein and 
Brown Swiss calves can usually be successfully weaned under this 
method at 7 weeks of age, but in the case of the smaller breeds — Guern- 
seys, Jerseys, and Ayrshires — it is best to continue whole milk feeding 
to 9 weeks of age or more. The total amount of milk per calf will be 
about the same, as calves of the smaller breeds do not require as much 
per head daily. 

Some such schedule as the following should be followed under this 
plan: Feed wSole milk as stated previously during the first 3 weeks, 
with a maximum of 10 lbs. a day for calves of the larger breeds and 
of about 8 lbs. for those of the smaller breeds. (964) Start feeding the 
dry calf meal and hay just as soon as the calf will eat them and reduce 
the milk allowance gradually, if the calf is thrifty. For example, feed 
calves of the larger breeds 9 lbs, of milk a day during the fourth week, 
7 lbs. during the fifth week, 6 lbs. during the sixth week, and then grad- 
ually wean the calf during the next 7 to 10 days. In the case of Guern- 
sey, Jersey, or Ayrshire calves, reduce the milk allowance more grad- 
ually and do not wean the calf until 9 weeks of age, unless it is doing 
unusually well. 

Until the calf is 3 months old, let it have all the dry calf meal it 
will eat, up to a maximum of 4 or 5 lbs. a day, along with plenty of 
good legume hay, preferably alfalfa or clover. If a calf meal is being 
fed which contains expensive animal by-products, supply a more simple 
mixture in addition, when the calf is 3 months old. Any of the mix- 
tures suggested for use with whole milk will be satisfactory that con- 
tain linseed meal, wheat bran, or other protein supplements. When the 
calf is 4 months old the more-expensive calf meal can be discontinued, 
and the cheaper mixture fed, along with the hay. 

969. Calf meals to use in minimum-milk method. — ^When calf meals 
are fed which do not include dried skimmilk or other animal by-products, 
calves can usually be raised successfully on not to exceed 400 lbs. of 
whole milk, including colostrum. If part of the protein in the calf meal 
is furnished by dried skimmilk, dried buttermilk, blood flour, or fish 
meal, the amount of whole milk can be reduced to 350 lbs., and com- 
monly the gains and growth will be slightly better.®® However, the 
use of the animal by-products often increases the cost of the calf meal 
considerably. 

A calf meal for use without fluid milk should contain 20 per cent 
protein and thus must include a rather large proportion of protein-rich 
supplements. It should not contain more than 5 per cent of fiber, and 
should be high in total digestible nutrients. For this reason, if consider- 
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able oats are to be included in a calf meal, rolled oats, not including the 
hulls, are often used, or most of the hulls are sifted out of the ground 
oats. However, mixtures containing 25 per cent or more of whole 
ground oats, including hulls, have been successfully used. 

Experiments during 6 years at the Wisconsin station show the re- 
sults that can be secured with proper care from a simple mixture that 
includes no animal by-product.®^ An equal number of Holstein and 
Guernsey heifer calves were fed each year a total of not to exceed 400 lbs. 
whole milk, including colostrum, with clover hay and a mixture of equal 
weights of ground yellow corn, ground oats, wheat bran, and linseed 
meal. They were weaned at 7 to 9 weeks of age, with an occasional 
exception, and but little trouble was experienced from scours. 

On the average these calves gained 1.30 lbs. per head daily to 6 
months of age, which would be considered a normal average for the 
combination of Holsteins and Guernseys. Up to this age they consumed 
an average of 369 lbs, whole milk (not including colostrum), 654 lbs. 
concentrates, and 353 lbs. hay, and drank 4,897 lbs. water. Similar 
calves fed not over 14 lbs. of skimmilk per head daily to 6 months of 
age gained 1.77 lbs. a day. Though the calves raised on the limited 
amount of whole milk did not make maximum gains up to 6 months, 
they would later make up all or most of this difference, if they were well 
fed up to calving time. 

Some other simple mixtures, not including animal by-products, 
which have been used with success under this method are : 

1. Ground yellow corn, 39 lbs,; ground oats, 40 lbs.; cottonseed meal, 20 lbs.; 
salt, 1 lb.°5 

2. Ground barley, 200 lbs.; ground oats, 150 lbs.; wheat bran, 150 lbs.; linseed 
meal, 50 lbs.; bone meal, 4 lbs.; and salt, 3 Ibs.^® 

Various modifications can be made in the mixtures to suit local con- 
ditions. In some of the trials in which such calf meals have been used 
with a small amount of whole milk, the gains have not been very satis- 
factory up to 6 months of age. Even in such cases, however, the heifers 
would probably reach normal size later, if well fed up to calving time. 

Unless it is essential to reduce the expense of raising the calves 
to a minimum, it is best to include some protein-rich feed of animal 
origin in the calf meal, as this will usually increase the gains somewhat. 
Experiments at the New York (Cornell) station indicate the results that 
can be secured on a calf meal containing a liberal amount of dried 
skimmilk.®*^ A total of 15 Holstein calves were raised on not to exceed 
350 lbs. whole milk, early-cut mixed clover-and-timothy hay, and a “calf 
starter'’ consisting of 25 lbs. ground yellow com, 30 lbs. rolled oats 
(without hulls), 15 lbs. wheat bran, 8 lbs. linseed meal, and 22 lbs. dried 
skimmilk. 

At 16 weeks of age the calves were changed to a mixture of 30 lbs. 
each of ground yellow corn, ground oats, and wheat bran, and 10 lbs. 
linseed meal. These calves gained 1.50 lbs. per head daily to 6 months 
of age and consumed, on the average, 340 lbs. of whole milk, 262 lbs. of 
calf starter, 277 lbs. of the other mixture, and 681 lbs. of hay. 

Some other calf meals for dry feeding recommended by various 
authorities are : 
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(1) 3255 lbs. ground yellow com, 28 lbs. rolled oats (not including hulls), 10 lbs. 
wheat bran, 5 lbs. linseed meal, 3 lbs. white fish meal, 20 lbs. dried skimmilk, 0.5 lb. 
salt, 0J5 lb. ground limestone, 0J5 lb. steamed bone meal, and 055 lb. cod-liver oil 
concentrate.58 

(2) 50 lbs. ground com, 15 lbs. rolled oats, 15 lbs. linseed meal, 10 lbs. dried 
skimmilk, 10 lbs. blood flour, 1 lb. salt.®® 

(3) 20 lbs. ground barley, 20 lbs. ground oats, 15 to 10 lbs. wheat bran, 7 lbs. 
linseed meal, 25 lbs. dried skimmilk, 10 to 5 lbs. blood meal, 2 lbs. bone meal, and 
1 lb. salt.®® 

(4) 34 lbs. ground yellow com, 35 lbs. ground oats, 20 lbs. cottonseed meal, 
10 lbs. dried skimmilk, 1 lb. salt.®i 

In these calf meals other grains can be substituted for the corn; 
fish meal for the blood flour or blood meal; and probably soybean oil 
meal or ground soybeans for the linseed meal. A calf meal containing 
much blood meal, or blood flour, may not be palatable to calves, and it 
may be necessary to force them to eat it at first by great hunger, as in 
the ‘‘New Jersey method. 

970. The “New-Jersey dry-fed calf mixture.*’ — A cheap method 
of raising, calves in which a total of only about 150 lbs. whole milk is 
fed has been developed by the New Jersey Station.®^ The calf is started 
on whole milk, limited to 3 quarts a day, and when it is a weelf old the 
following “calf mixture** is put into the feed box and some is rubbed 
on its muzzle after each feeding of milk: 25.0 lbs. yellow corn meal, 
37.5 lbs. ground oats, 12.5 lbs. wheat bran, 12.5 lbs. linseed meal, 12.5 lbs. 
soluble blood flour, 1 lb. steamed bone meal, 1 lb. pulverized limestone, 
and 1 lb. salt. If more than 3 quarts of milk are fed daily, the calf may 
not take readily to the calf meal. Good alfalfa, clover, or mixed hay is 
also supplied when the calf is a week old. 

When the calf is 3 weeks old, the milk allowance is gradually re- 
duced by diluting it with water, so that after 30 days of age the calf is 
fed only the dry calf meal, hay, and fresh water. At this time it should 
be eating about 1 lb. of the meal a day. Enough of the calf meal and hay 
should be fed each morning for the entire day, and the calf should have 
access to fresh water at all times. The calf should be allowed all the 
calf meal it will eat, up to a maximum of 6 lbs. a day. After 6 months 
of age the calf meal is discontinued, and the usual type of mixture for 
heifers fed in its place. 

Holstein calves thus fed usually reached normal weight and height 
by 6 months of age, though their gains were below normal for a time 
after they were weaned from milk. Calves raised by this method have 
developed into excellent cows. In experiments at other stations in which 
this system or a similar system has been compared with raising calves 
on more expensive calf meals containing dried skimmilk in place of the 
blood flour, the calves fed the skimmilk calf meals have generally been 
somewhat thriftier up to 3 or 4 months of age, but later there has been 
less difference, or no difference at all.®® 

971. Calf pellets. — There has recently been considerable interest 
in the use of “calf pellets** in place of dry calf meals. The pellets are 
made in machines which compress the dry concentrate mixture into pellet 
form by great pressure. In using calf pellets the same general method is 
followed as in raising calves on a dry calf meal. 

It is claimed that calves like the pellets better than a dry meal, and 
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therefore learn to eat them sooner and make better gains than on dry 
meals. The relative value of calf pellets and dry meals has not yet been 
studied sufficiently by the experiment stations to warrant definite con- 
clusions as to whether or not the pelleting of a calf meal increases its 
worth enough to justify the expense.®^ 

972. Raising calves on a limited amount of skimmilk. — If a limited 
amount of skimmilk is available, but not enough to continue its use until 
the calves are 5 or 6 months old, they may be started on whole milk and 
changed to skimmilk at the usual time. They are then weaned from 
skimmilk at 7 to 9 weeks of age, just as in raising calves by the limited- 
whole-milk method.®® The plan of feeding already described under that 
method should be followed and the same sort of calf meal used as is 
there suggested. Reconstituted skimmilk, made from dried skimmilk, 
may be fed in place of fluid skimmilk during the skimmilk period, to 
reduce the amount of whole milk needed. Calves may be raised by this 
method on only 200 lbs. whole milk or less and 400 to 600 lbs. skimmilk. 

973. Raising calves on gruels. — ^Until the development of success- 
ful methods of raising calves on dry calf meals in recent years, a more 
common method was to feed the calf meal in gruel form. In gruel feed- 
ing the calf meal is mixed with warm water at the rate of 1 lb. of the 
meal to 5 or more lbs. of water. When the calf is about 4 weeks old, the 
amount of whole milk is reduced very gradually and the gruel added to 
it, until after 20 days or more the milk is discontinued. Good hay is 
supplied and also such a concentrate mixture as 30 lbs. each of ground 
corn, ground oats, and wheat bran and 10 lbs. of linseed meal. The in- 
gredients in such a calf meal should be finely ground so they will not 
settle out of the gruel rapidly. There is no advantage in cooking the 
gruel before feeding it.®® 

A calf meal developed at the New York (Cornell) Station and used 
to a considerable extent in the northeastern states has the following 
formula : Yellow com meal, 250 lbs. ; oat flour, 150 lbs. ; malted barley, 
100 lbs. ; red dog flour, 220 lbs. ; linseed meal, 150 lbs. ; soluble blood 
flour, 100 Ib-s. ; precipitated bone meal, 10 lbs. ; precipitated calcium car- 
bonate, 10 lbs. ; salt, 10 Ibs.®^ In this formula ground barley can be sub- 
stituted for the malted barley; flour wheat middlings, for the red dog 
flour ; and ground oats with the hulls sifted out, for the oat flour. Many 
other formulas have been developed and used with more or less suecess.®® 
If desired, the calf meals recommended previously for feeding dry can be 
fed in gruel form, if ground to a sufficient degree of fineness. 

974. Commercial calf feeds. — There are on the market several 
brands of calf meals and calf pellets, which arc somewhat similar to the 
mixtures that have been recommended in the previous paragraphs, but 
which often arc more complex in nature. These should be fed in accord- 
ance with the recommendations of the manufacturers. (665) 

975. Self-feeding calves. — Because the self-feeder is used so successfully in 
swine feeding, experiments have naturally hcen conducted to find whether calves can 
be raised satisfactorily by self -feeding them concentrates in addition to supplying 
milk and roughage.69 These trials have shown that if calves or heifers are allowed 
access, free choice, to grains, such as corn and oats, and also to linseed meal, wheat 
bran, and other protein supplements, they will usually eat much more of the protein 
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supplements than is needed to balance their ration. This will make the cost unduly 
high. 

Also, even if the calves are self -fed a mixture containing the proper proportion 
of protein supplements, after 2 to 4 months they will often eat much more concen- 
trates than they need and less hay than they should take. This is expensive, but even 
more important, the amount of hay may be so small that the calves may become 
unthrifty, due to a lack of the vitamins and minerals good hay provides. They may 
suffer from rickets and even have fits and convulsions. 

By using a mixture of the proper proportions of chopped or ground legume hay 
and concentrates in a self-feeder this difficulty can be avoided, but the proportion of 
hay must be carefully adjusted, so that the calves will eat plenty of hay and yet 
make the desired gain.^o 


III. Dairy Heifers 

976. Proper development of heifers important. — Raising dairy 
heifers after they are 6 months old is an easy task, and perhaps for this 
very reason many are stunted for lack of suitable feed. Such animals 
never develop into as profitable cows as would otherwise have been the 
case. Also,. if a dairyman is raising surplus cattle for sale, he will find 
that buyers do*not want undersized heifers or cows, but that they are 
looking for well-grown animals which give indications of large and 
profitable production. The proper development of the heifers is there- 
fore an exceedingly important part of the dairy business. 

977. Nutrient requirements. — The nutrient requirements for grow- 
ing dairy cattle have been discussed in detail earlier in this chapter. In 
considering the feeding of heifers after 6 months of age the following 
points with reference to their nutrient requirements should be borne in 
mind. 

In order to provide the necessary nutrients and also to reduce the 
cost of raising heifers, it is very important that they be fed all the good 
roughage they will eat during the winter and that they have plenty of 
good pasture during the grazing season. Far too often, heifers are fed 
only fair or poor roughage in winter and are turned on pasture and 
allowed to shift for themselves in summer, with but little attention, even 
when the feed becomes scanty. Such neglect is perhaps due to the fact 
that the heifers are not bringing in any immediate cash income, and a 
lack of sufficient appreciation that the future income will depend on how 
the heifers are developed. 

If possible, at least half of the winter roughage, on the dry basis, 
should be well-cured legume hay, for it supplies needed protein, calcium, 
and vitamins A and D. If legume hay is not available, grass hay of the 
best quality should be fed, that is early-cut and well-cured. 

Normal growth cannot be made unless heifers receive a sufficient 
supply of total digestible nutrients in their rations. Since hay and other 
roughages are bulky and relatively low in digestible nutrients, young 
heifers fed roughage alone, without grain or other concentrates, cannot 
consume enough of the bulky feed to provide sufficient digestible nutri- 
ents for normal growth. After they are a year old, their digestive tracts 
are sufficiently developed so they can be wintered satisfactorily on rough- 
age with little or no concentrates, if the roughage is of satisfactory 
quality. 

Raising heifers on an abundance of good hay and other roughage. 
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with just enough concentrates to keep them growing properly, is nearly 
always much more economical than feeding them a large allowance of 
concentrates with less roughage."^^ Heifers fed liberally on concentrates 
will make rapid growth and be sleek and fat, but there is apt to be more 
difficulty in getting them in calf than in the case of heifers in moderate 
flesh. Also, such overfed animals will certainly not develop into better 
cows than those raised more economically, and perhaps they will not be 
as good producers. 

There is probably more apt to be a deficiency of phosphorus than of 
calcium in raising heifers. They will get sufficient calcium if they are 
fed a liberal amount of legume hay, mixed hay, or even early-cut, well- 
cured grass hay, unless the soil on which the latter is grown is very 
deficient in calcium. (960) 

Heifers will get ample phosphorus if their roughage is grown on 
soil well supplied with phosphorus or if they are fed a concentrate mix- 
ture which includes a reasonable proportion of phosphorus-rich feeds, 
such as wheat bran, linseed meal, or cottonseed meal. When fed roughage 
grown on phosphorus-deficient soil, with or without cereal grain, but 
with no phosphorus-rich concentrates, there may be a serious lack of 
phosphorus in the ration. Whenever there is danger of a lack of phos- 
phorus or of calcium, a suitable mineral mixture should be provided 
where the heifers can have access to it, or 1 or 2 per cent of such sup- 
plements as steamed bone meal or ground limestone should be included 
in the concentrate mixture. (181) 

If heifers are fed early-cut, well-cured hay in winter, especially 
legume hay, and are on good pasture in summer they will receive an 
abundance of vitamins. 

978. Raising heifers on roughage alone. — Numerous experiments 
have been conducted to find the minimum amount of grain or other 
concentrates required by dairy heifers and to determine whether they 
can be wintered satisfactorily on roughage alone.^^ These experiments 
show in general that if heifers are fed only roughage, even of excellent 
quality, before they are 10 to 12 months of age, they will not make nor- 
mal growth. They will make somewhat better gains on legume hay plus 
corn or sorghum silage than on legume hay alone, but even on this com- 
bination the gains will usually not be normal. 

They will make up their growth to some extent later, if well-fed, 
and may even reach normal size, if fed liberally after they freshen. How- 
ever, unless grain is unusually high in price in comparison with rough- 
age, it is advisable to feed heifers under a year of age sufficient 
concentrates, in addition to an abundance of good roughage, so that they 
will make normal growth. 

If heifers have made proper growth the first year, they may then 
be fed roughage alone up to 3 or 4 months before calving, if the roughage 
is of first-class quality. During this period before calving it is advisable 
to feed them enough concentrates to get them into good condition for 
calving and for their first lactation period. 

979. Feeding heifers from 6 to 12 months of age. — The feeding of 
milk or special calf meals is usually discontinued by the time heifers 
are 6 months of age. They should have an abundance of other feeds at 
this time, so that their growth will not be checked. Even if the heifers 
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are later to be raised on roughage alone, the feeding of concentrates 
should be continued in the winter until they are at least 10 to 12 months 
old. The amount of concentrates required will depend on the quality of 
roughage fed. With good roughage 2 to 3 lbs. of concentrates per head 
daily should be enough, while with that of only fair quality 4 to 5 lbs. 
may be needed to keep the heifers gaining properly. Heifers 6 to 12 
months of age should be fed 8 to 15 lbs. of hay a day, or 5 to 10 lbs. of 
hay and 8 to 15 lbs. of silage. 

Whether it will be necessary to feed grain or other concentrates to 
heifers of this age on pasture will depend on the amount and the quality 
of the pasture. If there is plently of good feed, they may make satis- 
factory growth on pasture alone, but it is often necessary to feed a small 
amount of concentrates to keep them growing well. Whenever the pas- 
ture becomes scanty, it is especially important to provide plenty of other 
feed, including concentrates and also hay, silage, or green soiling crops. 
In the spring when young heifers are first turned to pasture, it is best 
to continue feeding some hay until they get used to the lush, laxative 
green feed. ^ 

If the heifer^ are fed plenty of alfalfa, clover, or other legume hay 
as the only roughage, or if they are on excellent pasture which is kept 
well grazed, no protein supplements need be included in the concentrate 
mixture. Merely ground grain alone, even corn, is satisfactory. The 
mixture may then be any desired combination of the common cereals. 
If only about half the dry matter in the roughage is legumes, the con- 
centrate mixture should contain 12 to 14 per cent total protein. For 
example, such a combination of roughage would be 3 lbs. of corn or 
sorghum silage to each pound of alfalfa or clover hay. If little or no 
legume hay is fed, then the concentrate mixture should contain 18 to 2Q 
per cent protein. 

Appendix Table VII gives a considerable number of concentrate 
mixtures containing various percentages of protein which are excellent 
for dairy heifers and alsa for dairy cows. These mixtures will show the 
sort of combinations that are commonly used for feeding heifers. 

980. Feeding heifers over one year of age. — After heifers are a 
year old, their capacity to use roughage is well developed, and they need 
but little concentrates, if plently of high-quality roughage is provided. 
When on good pasture, no concentrates are required, but care should be 
taken to supply additional feed if the pasturage becomes scanty at any 
time. 

Heifers of this age may be wintered satisfactorily, up to 3 or 4 
months before calving, without concentrates, if fed either an abundance 
of good legume hay and com or other silage, or else all the well-cured 
legume hay they will eat. They will not carry as much flesh as some 
breeders desire, but if well fed before calving and during their first 
lactation period, will reach normal size and weight. With roughage of 
less excellent quality, it is necessary to feed a small amount of concen- 
trates ^0 keep them growing properly. If the roughage is fair in quality, 
not over 2 to 4 lbs. of concentrates should be needed up to 3 or 4 months 
before calving. At this time they should be fed more liberally in order 
to meet the need for nutrients in the development of the fetus and also 
so they will be in good condition for high production during their first 
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lactation. With plenty of good roughage 4 to 5 lbs. of .concentrates are 
sufficient for this purpose. 

The same concentrate mixtures may be used for heifers of this age 
as have been advised for those up to a year old. If desired, the pro- 
portion of protein supplement in the mixture may be reduced slightly, 
as heifers need somewhat less protein as they become older. 

981. Concentrates for heifers. — ^All the grains may be used satis- 
factorily, when ground or crushed, for feeding heifers, and their relative 
values for this purpose will be about the same as for dairy cows. The 
reader is therefore referred to Chaper XXV for further information. 

Though corn is somewhat lower in protein than barley, oats, wheat, 
or the grain sorghums, it may be used satisfactorily as the only concen- 
trate, if fed with plenty of good legume hay, especially alfalfa hay."^^ 
Hominy feed is equal to ground corn, and dried beet pulp may be used 
as a partial substitute for one-third the grain, when economical in price. 
Molasses, either cane or beet, may be useful in getting heifers to clean 
up unpalatable roughage, like straw, but such poor roughage should not 
form a large part of the ration except when necessary. 

Wheat bran and linseed meal are the most popular protein supple- 
ments for use in feeding heifers, but other supplements may be used with 
entire success. Soybeans and soybean oil meal arc about equal to linseed 
meal,^^ and cottonseed meal is a good supplement to use when there is 
plenty of well-cured legume or mixed hay in the ration. As has been 
shown previously, heifers over 3 to 4 months of age may even be fed 
cottonseed meal as the only concentrate without injury, if roughage is 
fed which supplies plenty of vitamins and if there is ample calcium in 
the ration. (583) The other protein supplements successfully used in 
feeding dairy cows may likewise be used for heifers. 

882. Roughages for heifers. — ^Early-cut, well-cured legume hay is 
the best roughage for heifers, and if possible such hay should be fed as 
part of the ration. Clover hay is a close second to alfalfa hay, if of 
equal quality.*^® Soybean hay and cowpea hay are also excellent, and the 
part actually eaten is probably equal to the same weight of alfalfa or 
clover.^® 

Timothy hay, prairie hay, or hay from other grasses is inferior to 
legume hay for heifers,^^ and is unsatisfactory as the only roughage if 
cut late or poorly cured. Early-cut hay is much better, but even such 
grass hay should be fed, if possible, along with some legume hay or with 
silage. 

Straw or chaff from the legumes, such as pea straw, may be fed as 
part of the roughage to heifers. Cut or shredded corn or sorghum fodder 
or stover, and even straw from the grains can be used satisfactorily, if 
fed along with better roughage. For example, in a Wisconsin trial heif- 
ers fed 7 lbs. oat straw and 26 lbs. com silage a head daily, with 3 lbs. 
of a concentrate mixture consisting of 2 parts cottonseed meal, 3 parts 
gluten feed, and 1 part wheat bran, made practically as large gains as 
othep fed alfalfa hay, com silage, and 2.5 lbs. of a concentrate mixture 
consisting chiefly of corn.^® The heifers actually ate but 4.5 lbs. straw a 
day, being allowed to pick it over and eat the finer parts. The rest was 
used for bedding. 

To get heifers to eat unpalatable roughage, diluted molasses may be 
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poured over it. Thus fed on cut com stover in a Wisconsin trial, molasses 
was worth as much as or even more per pound than ground corn."^® 

Oat feed may be used as a substitute for half the hay, on a pound 
for pound basis, in a ration for heifers.®® Cottonseed hulls may also be 
used satisfactorily, if fed with some legume or other hay, silage, or pas- 
ture to furnish the vitamins the hulls lack.®^ 

Silage, especially from com or the sorghums, is excellent for heifers 
when fed as part of the roughage, along with legume or mixed hay. 
However, silage is not at all necessary if an abundance of good hay is 
fed. For heifers, just as with dairy cows, it requires about 3 tons of 
corn silage to equal 1 ton of legume or mixed hay in feeding value.®^ 
Heifers may be wintered satisfactorily on corn or sorghum silage as the 
only roughage, if a concentrate mixture is fed which furnishes plenty of 
protein,®® but often they show a great desire for some dry forage. It is 
therefore wise to feed some hay or even dry fodder or stover from corn 
or the sorghums along with the silage. 

It must be borne in mind that silage, fodder, or stover from corn 
or the sorghums, and also grain straw, oat feed, cottonseed hulls, and 
the usual Kinds of grass hay are all low in protein. Therefore when 
most of the roughage is of this character, care must be taken to balance 
the ration by feeding a sufficient amount of protein supplements. If 
necessary, a calcium or a phosphorus supplement should also be supplied. 

983. Age for first calving. — ^Well-grown heifers may be bred to 
freshen at 24 months of age or soon thereafter, and they should be fed 
liberally during their first lactation period, so their growth will not be 
stopped.®^ Heifers calving at about 24 months of age will not produce 
quite as much milk in their first lactation as when calving is delayed a 
few months. However, considering the additional cost of carrying a 
non-producing heifer a longer time, it is generally more profitable to 
have them calve at this age. 

From studies of Advanced Registry and Register of Merit records 
of production. Turner of the Missouri Station concluded that the yield 
of milk in the first lactation would be within 5 per cent of the maximum 
possible for that lactation, when Guernseys, Jerseys, and Holsteins 
calved at 26 months and Ayrshires at 28 months of. age.®® If the first 
breeding is delayed beyond 16 to 18 months, it is often considerably 
more difficult to get a heifer in calf.®® 

984. Normal growth of dairy cattle. — In order to determine 
whether young dairy cattle are making the proper rate of growth for 
the particular breed, it is helpful to have a normal standard with which 
they can be compared. At several experiment stations the weight and 
also the height at the withers have therefore been recorded each month 
during growth for young heifers and bulls of the chief dairy breeds. 

The following table summarizes the available data of this kind for 
young cattle up to 2 years of age. Records are included from the Mis- 
souri, Iowa, Kansas, Nebraska, South Carolina, and West Virginia Sta- 
tions, and from the United States Department of Agriculture.®^ For 
each breed the averages represent data for a larger number of animals 
at early ages than later ages. The weights up to 1 year of age are 
averages of 387 animals or more for the Holstein heifers, 281 head or 
more for the Ayrshire heifers, 251 head or more for the Jersey heifers, 
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and 87 head or more for the Guernsey heifers. The average heights 
shown in the table are for smaller numbers of animals, and the number 
of bulls included in the studies was much less than of heifers. 


Normal growth in weight and height of dairy cattle 


Age 

Ayrshire 

heifers 

Guernsey 

heifers 

Holstein 

heifers 

Jersey 

heifers 


Weight 

Height 

Weight 

Height 

Weight 

Height 

Weight 

Height 

Months 

Lbs. 

Inches 

Lbs. 

Inche.s 

Lbs. 

Inches 

Lbs. 

Inches 

Birth . . 

73 

27.4 

65 

26.6 

91 

28.9 

54 

25.8 

1 

88 

282 

79 

28.4 

113 

30.5 

68 

26.9 

2 

115 

29.6 

105 

30.0 

150 

322 

92 

28.8 

4 

194 

33.4 

177 

33.7 

250 

362 

164 

32.7 

6 

287 

36.7 

267 

372 

365 

39.8 

250 

362 

8 

384 

39.5 

350 

39.9 

474 

42.4 

331 

39.1 

10 

467 

41.4 

427 

41.7 

568 

44.6 

402 

41.0 

12 

535 

43.0 

490 

43.3 

653 

462 

462 

42.3 

14 

598 

44.3 

556 

44.6 

725 

47.6 

518 

43.5 

16 

652 

45.4 

605 

45.3 

795 

48.8 

568 

44.5 

18 

709 

46.1 

663 

46.4 

861 

49.7 

615 

45.3 

20 

766 

47.0 

712 

47.0 

928 

50.6 

658 i 

46.0 

22 

815 

47.6 

763 

47.7 

999 

51.3 

702 

46.6 

24 

860 

48.0 

818 

48.0 

1075 

51.9 

750 

47.0 


Age 

.Ayrshire 

bulls 

Guernsey 

bulls 

Holstein 

bulls 

Jersey 

bulls 

Weight 

Height 

Weight 

Height 

Weight 

Height 

Weight 

Height 

Months 

Lbs. 

Inche.s 

Lbs. 

Inches 

Lbs. 

Inches 

Lbs. 

Inches 

Birth . . . 

80 

27.9 

71 

1 27.7 

96 

I 29.4 

60 

26.2 

1 

99 

28.9 

87 

29.3 

120 

1 30.9 

! 78 

27.9 

2 

131 

30.4 

113 

30.6 

157 

32.8 

104 

29.7 

4 

216 

34.0 

190 

342 

265 

36.4 

184 

33.6 

6 

320 

37.4 

291 

37.8 

401 

40.6 

282 

37.2 

8 

432 

402 

401 

40.3 

529 

43.4 

371 

39.5 

10 

532 

422 

494 

42.5 

649 

45.6 

452 

41.4 

12 

599 

43.3 

609 

44.5 

773 

47.8 

531 

43.0 

14 

670 

44.7 



906 

49.3 

613 

45.0 

16 

724 

45.6 



1063 

51.0 

679 

46.1 

18 

751 

46.4 



1216 

52.8 

745 

47.5 

20 

819 

47.0 



1320 

53.7 

856 

48.6 

22 

895 

47.6 



1376 

55.3 

904 

49.3 

21 

990 

48.1 



1452 

56.0 

969 

50.3 


At one year of age the Ayrshire heifers averaged 535 lbs. in weight ; 
the Guernseys, 490 lbs. ; the Holsteins, 653 lbs. ; and the Jerseys, 462 lbs. 
The gains during the first year averaged 1.54 lbs. per head daily for the 
Holsteins; 1.27 lbs. for the Ayrshircs; 1.16 lbs. for the Guernseys; and 
1.12 lbs. for the Jerseys. The gains during the second year were some- 
what less rapid, averaging 1.16 lbs. per head daily for the Holstein heif- 
ers ; 0.90 lb. for the Guernseys ; 0.89 lb. for the Ayrshires ; and 0.79 lb. for 
the Jerseys. 

The bulls made distinctly more rapid gains than the heifers of the 
same breed, and except in the case of the Ayrshires, the bulls w^re also 
decidedly taller at a given age. 
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986. Cost of raising heifers. — The cost of raising dairy heifers 
up to the time of first calving differs rather widely in various sections, 
the cost depending chiefiy on the prices of feeds and the method of feed- 
ing that is employed. Feed and bedding make up more than one-half of 
the total cost. To this expense must be added the initial value of the 
calf and the expenses for labor, shelter, interest, taxes, and miscellaneous 
items. From the gross cost should be deducted a credit for the manure 
produced. 

During the past few years the net cost of raising heifers to the age 
of first calving has generally ranged from $60 to $100 or more per head 
in the cost studies that have been conducted by various stations. Except 
in sections where feed is cheap, the cost of raising heifers is often greater 
than the selling price of grade dairy heifers of but ordinary quality. 

Care should therefore be taken to raise only heifers that are out of 
high-producing cows and that are sired by a good purebred bull. Such 
heifers are the best source of replacements for the milking herd, and if 
more of such heifers are raised than are needed for this purpose, they 
are the kind that will bring good prices. Heifer calves that are out of 
poor cows or tliose that are otherwise undesirable should not be raised, 
for they will not be worth the expense involved. 

In order to keep the cost of raising heifers as low as possible, great 
care is necessary to prevent scours and other calf diseases. Otherwise, 
the death losses will be heavy, or some of the calves will not develop into 
thrifty heifers of good size. 

The following table shows the amounts of feed that are required to 
raise dairy heifers either to 2 years of age or to the time of first calving, 
as found in various studies.®® 


Amounts of feed required 

to raise 

Ohio 

Jerseys 

dairy heifers 

Ohio Louisiana 

Holsteins Holsteins 

Oregon 

Various 

Whole milk, lbs 

465 

499 

844 

552 

Skimmilk, lbs 

3,015 

2,960 

2,724 

1,209 

Concentrates, lbs 

1,382 

1,526 

785 

230 

Hay and other dry roughage, lbs 

2,041 

2,448 

2,570 

3,260 

Silage and other succulent feeds, lbs 

2,884 

2,833 

2,386 

1,180 

Pasture, days 

•Number of days of pasture not stated. 

281 

281 


358 


In these studies most of the calves were raised on skimmilk, with a 
limited amount of whole milk during the first few weeks. The amounts 
of concentrates were low in the Louisiana and Oregon studies, chiefly 
because pasture could be provided over a longer season than is possible 
in the central and northeastern states. 

IV, The Bull 

-986. Selection of the bull. — Since improvement in the productive 
capacity and profitableness of the dairy herd depends fully as much on 
the sire as on the cows, the selection of a bull is one of the most im- 
portant problems every dairyman must meet. No improvement can be 
expected if nondescript scrub or grade bulls are used. Therefore eve*fy 
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dairyman who raises heifers for his replacements should breed his cows 
to a purebred sire, selected primarily on the basis of actual records of 
production of his immediate ancestors and their offspring. Due attention 
must also be given to the conformation and type of the bull and his 
ancestors. If a poor bull is used, it will take years of constructive breed- 
ing to undo the damage. 

As the average production of the cows in a herd increases, it be- 
comes more and more difficult to select a bull whose daughters will be 
better than their dams, or that will even maintain a high level of pro- 
duction in “the herd. In such herds it is especially desirable to use a 
'‘proved sire,’’ whose ability to transmit high production has been defi- 
nitely proved by the actual records of his daughters in comparison with 
the records of their dams. In the past most dairymen have preferred to 
use young bulls, because they are less apt to be vicious, they are often 
surer breeders, and they are increasing in weight and in salvage value 
for beef. In countless instances the real value of a bull is realized only 
a considerable time after he has been sold for slaughter, when his daugh- 
ters come into milk. 

Dairymen with good-sized herds of high-producing purebred cows, 
will find it highly advantageous to secure a sire proved for high pro- 
duction, if possible. Unfortunately, but few such sires are available and 
these are often high in price. The best substitute for a proved sire is 
a young bull* which is selected with the greatest care after making a 
detailed study of the production records of his ancestors and their direct 
offspring. Through belonging to a "bull association,^^ a dairyman can 
often greatly reduce the expense of using an excellent sire in his herd. 

After a bull has been carefully selected, it is then just as important 
to feed and care for him so that he will remain a sure breeder. 

987. The young bull. — The same principles apply to the rearing 
of the young bull as to the heifer, and the same methods of feeding can 
be used, except that it is wise not to limit the amount of milk so much 
as to check his growth. A young bull should always be fed so as to 
make good growth and reach normal size. One which has been stunted 
by insufficient feed may sire just as large calves, but a purchaser does 
not desire such an animal. He never Imows whether the small size is 
due to heredity or to scanty feed. 

After 5 to 6 months of age, when a bull calf should be separated 
from the heifers, he should be fed a somewhat larger amount of con- 
centrates than a heifer. This is because a young bull makes more rapid 
gains than a heifer and consequently needs more nutrients. ^ If well 
grown, a bull should be sufliciently mature for very light service at 10 
to 12 months of age, but not more than 1 or 2 services in any one week 
should be permitted until he is 2 years old. 

The bull should be halter broken as a calf, and at about 1 year of 
age should have a stout ring inserted in his nose. When he is about 2 
years old this should be replaced by a larger one and the ring should 
never be allowed to wear thin. He should be so handled from calfhood 
that he will recognize man as his master and he should never be given 
an opportunity to learn his great strength. Stall and fences should 
always be so strongly built that there is lio possibility of his learning 
how to break loose. 
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988. Feed and care of the bull in service. — The bull in service 
should be fed good legume hay or mixed legume-and-grass hay with 
sufficient concentrates to keep him in thrifty condition, but not fat. A 
limited amount of com or sorghum silage may also be fed, but the allow- 
ance should be limited to 10 or 15 lbs. a day. Feeding a large allowance 
of silage or even too much hay may make the bull paunchy, so that he 
will be clumsy and slow at service. Green soiling crops are excellent 
for the bull, when available. When hay is fed as the only roughage, 15 
to 20 lbs. will be required, depending on the size of the bull. When 
silage is fed, each 3 lbs. of silage will replace 1 lb. of hay. 

If good roughage is fed, from 4 to 6 lbs. of concentrates should be 
sufficient to keep the bull in the desired condition, depending on his size 
and the amount of service.®® A bull does not need nearly so much pro- 
tein in his ration as a high-producing cow in milk, and should therefore 
be fed the same sort of concentrate mixture as has been advised for dry 
cows or growing heifers. The percentage of protein needed in the mix- 
ture will depend on the kind of roughage that is used. 

Except* per];iaps in unusually cold climates, the best quarters for a 
bull are a well-built open shed with an adjoining roomy paddock where 
he may exercise. This should be constructed as a ‘‘safety bull pen,*^ 
with breeding chute and breeding rack so arranged that the necessity 
of handling the bull at time of service is eliminated. In such quarters 
a mature bull, even a vicious one, can be handled in safety. 

Though this open-air treatment is admirable for the health of the 
animal, it results in a heavier and rougher coat of hair, and hence breed- 
ers offering animals for sale usually prefer to keep the bulls in comfort- 
able box stalls, turning them out only on fair days. Rather than confine 
the bull in isolation, it is well to have his stall so located and built that 
he can see the other members of the herd. The hoofs of the bull spending 
most of his time in the stall need regular trimming. 

From the standpoint of safety it is always desirable to dehorn the 
bull. Often breeders dislike to do this, because in the opinion of some 
it detracts from the appearance of the animal. In reaching a decision 
on this point one should bear in mind that many men have been killed 
by bulls with horns, who might have otherwise escaped. 

A bull should always be handled with a strong, safe staff attached 
to the ring in his nose. Even with a quiet, peaceable bull, safety lies 
only in handling him without displaying fear and yet as if he were 
watching for an opportunity to gore his attendant. Nearly all the acci- 
dents occur with “quiet’’ bulls that have been too much trusted. 

To keep a bull healthy and a sure breeder it is essential that he have 
plenty of exercise. It was found in Washington trials that exercising 
bulls not only decreased the time required for service but also increased 
the motility and length of life of the sperm.®® Some breeders who have 
two or more dehorned bulls turn them into one paddock, where they get 
plenty of exercise mauling each other about. Others exercise the bull 
on a ttead power, where he may run the separator, pump water, do other 
useful work, or run the power for exercise only. Still others fix a long 
sweep on a post apd tie the bull to it, so he will walk around in a circle. 

Another device is a light cable stretched between two high posts, 
the bull being attached to it by a sliding chain so that he is able to walk 
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back and forth the length of the cable. A tractable bull may also be har- 
nessed and hitched to cart or wagon for such odd jobs as hauling manure 
or feed. Electric bull exercisers, which are motor-driven devices that 
lead bulls in a circular path, are convenient for breeders having several 
bulls. Whatever the plan adopted, it is essential that the bull receive 
ample and regular exercise, else he is almost certain to develop an ugly 
disposition and he may become impotent. 

After a bull is 2 years old, he may be bred to 50 or 60 cows a year, 
and even more if the services are well distributed throughout the year. 
The bull should not be permitted to run with the herd at pasture, and 
only one service should be allowed when a cow is bred. 

A good sire should be retained in the herd until it is necessary to 
make a change to prevent too close breeding. If ho has proved to be a 
desirable sire and if he is still potent, he should be sold to some other 
breeder. No commoner mistake is made than discarding a likely bull at 
3 to 4 years of age, before his heifers have come into milk to demonstrate 
how valuable a sire he may be. 

QUESTIONS 

1. State 5 essentials in satisfactory rations for raising dairy cattle. 

2. Discuss the protein requirements of dairy calves, considering both amount and 

quality of protein. 

3. State the importance of each of the following minerals for young dairy cattle: 

(a) Salt; (b) calcium; (c) phosphorus; (d) iodine; (e) iron and copper. 

4. Discuss the vitamin requirements of dairy calves, stating which vitamins may 

be deficient and the best ways of providing each of these vitamins. 

5. Discuss the importance of water for dairy calves. 

6. State the important points in caring for a calf after birth. 

7. Tell how a dairy calf is started on whole-milk feeding. 

8. What sort of concentrate mixtures should be used for calves fed whole milk ? 

9. Name 5 concentrates that are commonly fed to dairy calves in your section of 

the country, and tell how they are used. 

10. Discuss the importance of good-quality hay for calves. 

11. Discuss the use of silage for calves; of pasture. 

12. Describe the method of raising calves on skimmilk, stating the sort of concen- 

trate mixtures that are most economical for feeding with skimmilk. 

13. How may calves be raised satisfactorily on whey? 

14. Discuss the use of dried skimmilk and dried buttermilk in calf feeding. 

15. Describe the ‘‘nurse-cow method’’ of raising calves. 

16. Describe the raising of calves on a minimum amount of whole milk and dry 

calf meals. 

17. What sort of a concentrate mixture should be used in this method? 

18. What are the distinguishing features of the “New Jersey” method of raising 

calves ? 

19. State the most important points concerning the following: (a) Raising calves 

on a limited amount of skimmilk; (b) raising calves on gruels; (c) self-feed- 
ing calves. 

20. Discuss the nutrient requirements of dairy heifers. 

21. Discuss the raising of heifers on roughage alone. 

22. Describe; (a) The feeding of heifers from 6 to 12 months of age; (b) the feed- 

ing of heifers over one year of age. 

23. What concentrates and what roughages are used most commonly for heifers in 

your district? What improvements can you suggest in the usual methods of 
feeding heifers? 

24. Discuss the age for first calving of heifers. 
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25. About how much should a Holstein heifer weigh at 1 year of age; a Jersey heifer? 

26. Discuss the cost of raising heifers. 

27. How would you select a bull to head a herd of high-producing grade cows? 

28. State the most important points in the feed and care of a young bull. 

29. Discuss the feed and care of the bull in service. 
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CHAPTER XXIX 

GENERAL PROBLEMS IN BEEP PRODUCTION 

I. Nutrient Requirements of Beef Cattle 

989. Knowledge of nutrient requirements increasingly impor- 
tant. — The systems of beef production in this and many other coun- 
tries have undergone profound changes during the past score of years, 
and these trends are still continuing. Chief among these is the fattening 
of cattle for market at much younger ages than formerly. This change 
has made it even more necessary than before that the beef producer 
have a thorough knowledge of the nutrient requirements of his cattle, 
in order to secure from them the best possible returns. 

Until rather recently beef cattle were commonly raised to the age 
of 2 or 3 years, and then were fattened for market. They made most of 
their growth on cheap pasture and were carried through the winters on 
what roughage was available, usually without any concentrates whatso- 
ever. If the pasture was reasonably good, it took care of the require- 
ments of the .cattle for protein, minerals, and vitamins, under this system 
of moderate rate of growth and development. 

These well-grown cattle, 2 years old or more, were taken from the 
western ranges or other pasture districts to sections of the country where 
grain was cheaper, and there fed for market until they reached the 
desired degree of fatness. Since their protein tissues and their skeletons 
were already largely grown, the requirements for protein and minerals 
were materially less than with younger animals. Also, since the feeding 
period was not commonly so long as is needed for the fattening of calves 
and yearlings, there was less tendency for a deficiency of vitamins to 
produce injury, unless the lack was too serious. 

The desire of consumers for smaller cuts of beef that are tender but 
have a minimum of waste fat, has brought about the fattening of cattle 
for market at a much earlier age. As is shown in Chapter XXXI, the 
cattle raised for beef on farms in the corn belt and eastward are, to an 
ever-increasing extent, fattened as they grow. Such cattle are ready for 
slaughter as ‘‘heavy fat calves'^^ at weaning time or soon afterwards, or 
are fattened for marketing at 12 to 18 months of age as “baby beeves,/^ 
or “fat yearlings.^' 

A similar change has taken place in the case of cattle produced on 
the ranges. Instead of being grown under range conditions to 2 years 
of age or more, a large proportion of the calves are now sold as feeders 
in the fall of their first year. Most of the rest are sold as yearlings, after 
being -carried through one winter and the following summer on the 
range. To reach the desired degree of fatness these range calves must 
be fed liberal fattening ration^ for approximately 200 days or more, 
nearly doubling their initial weights during this time. 

Calves that are raised for baby beef on farms or range calves that 
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are fattened for jnarket are growing rapidly in protein tissues and 
skeleton, as well as laying on fat. Therefore to secure the cheapest gains 
it is much more necessary than in the case of older cattle that their 
rations fully meet their nutritive requirements. 

990. Nutrient requirements of various classes of cattle. — Before 
proceeding to a detailed discussion of the requirements of beef cattle 
for the various nutrients, it will be helpful to consider the differences 
in the general requirements for the different classes of cattle. 

The nutrient requirements of beef breeding cows are far different 
from those of dairy cows, for their milk yields are much lower. Also, 
they are usually dry during the winter feeding period and produce their 
milk while on pasture. Normally, beef cows need no supplementary feed 
during the pasture period. 

It is shown in Chapter XXXI that they may be wintered cheaply 
on roughage alone, if it is of fairly good quality and if sufficient legume 
hay is fed to meet their limited need for protein. (1104-1108) If no 
legume hay is fed, they can be wintered adequately on non-legume 
roughage, such as com or sorghum silage or fodder, with only 1 lb. per 
head daily of cottonseed meal, linseed meal, or some other high-proteiu 
supplement. It is wise to add 0.1 lb. per head daily of a calcium supple- 
ment to such non-legume rations to provide an ample supply of this 
mineral. 

When calves or yearlings are being carried through the winter to be 
fattened later, they may likewise be maintained entirely or chiefly on 
roughage, if it is of good quality. As is shown in Chapter XXXI, even 
-calves will make satisfactory growth and will improve in condition on a 
full feed of com or sorghum silage with 3 or 4 lbs. of alfalfa or other 
legume hay as a protein supplement. (1118) With no legume hay in the 
ration, 1 lb. per head daily of protein supplement is needed to balance 
the ration, and a calcium supplement is also advisable. 

The requirements of cattle that are being fattened rapidly are in 
strong contrast to those of beef breeding cows or of cattle that are 
merely being carried through the winter. To enable them to make rapid 
gains, they must receive rations rich in total digestible nutrients and 
net energy. The data summarized later in this chapter show that, except 
when grain is unusually high in price in comparison with roughage, it 
is generally* advisable to give a liberal allowance to cattle being fattened 
in dry lot. (1004-1006) Unless this is done, they will make less rapid 
gains and will not reach as good a flnish. 

Especially with calves and yearlings, good gains cannot be expected 
unless the ration provides ample protein, minerals, and vitamins. These 
needs are considered in detail in the paragraphs which follow. 

The nutrient requirements of beef cattle of the various ages and 
classes are shown in the Morrison feeding standards. These recommenda- 
tions are based chiefly upon extensive studies by the author and asso- 
ciates, of the many experiments that have been conducted during recent 
years by the American experiment stations. It is believed that rations 
computed according to these standards will amply meet the requirements 
of beef cattle, provided due attention is given to vitamins, minerals, and 
-quality of protein, and to the general suitability of the feeds for the 
particular class of stock to be fed. 
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991* Protein requirements. — ^Recent investigations have proved 
definitely that beef cattle do not need nearly as much protein as was 
recommended in the Wolfif-Lehmann and other older feeding standards. 
This fact is of great financial importance in beef production, for protein 
supplements ordinarily cost much more per ton than grain. Therefore, 
if farm animals are fed larger amounts of supplements than they actu- 
ally need, the profits will be materially reduced. 

Whether or not it will be advisable to add a protein supplement to 
a ration for fattening cattle which consists of farm-grown grain and 
roughage, will depend on the kind of roughage and also to some extent 
on the kind of grain. This is shown in the following paragraphs that 
review the results of the feeding experiments which have been conducted 
to study this problem. The protein requirements for wintering young 
stock and beef breeding cows are discussed in Chapter XXXI. 

When beef cattle are fed even a rather limited amount of legume 
hay, the ration will usually provide proteins of adequate kind or quality. 
(163) On the other hand, if little or no legume roughage is fed, then 
due attention should be given to the kind of protein supplied by various 
protein suppleifients. 

For example, com gluten meal or corn gluten feed should not be 
used as the only supplement to balance a ration of grain and non-legume 
roughage. These corn by-products should instead be combined with lin- 
seed meal, soybeans, soybean oil meal, etc., which will make good the 
deficiencies in the proteins of the cereal grains. The experiments reported 
in the following chapter show that, even with a small amount of legume 
hay in the ration, the value of gluten meal as a protein supplement for 
fattening cattle has been greatly increased by combining it with linseed 
meal or with both linseed meal and cottonseed meal. (1067) 

992. Amounts of protein required by fattening cattle. — It is highly 
important in fattening cattle for market to know definitely whether any 
supplement is required, and, if any is needed, just how much should be 
added to the ration. These questions have therefore been given much 
study by the author, and the recommendations given in the Morrison 
feeding standards are based upon a careful analysis of the experiments 
which bear upon this problem. Due to limitations of space, only certain 
typical experiments on this subject can be reviewed in the following 
paragraphs. 

As shown in Appendix Table III, it is the belief of the author that 
rations for fattening calves should have nutritive ratios not wider than 
1:6.5 to 1:7.3; for yearlings, not wider than 1:7.0 to 1:8.0; and for 
2-year-olds, not wider than 1:7.5 to 1:8.5. When rations contain less 
protein than provided by these nutritive ratios, the gains will usually 
be considerably less rapid and more feed will be required per 100 lbs. 
gain. Also, the cattle will generally sell for a lower price, on account of 
inferioi? finish. 

The net returns will therefore generally be increased when sufficient 
protein supplement is fed so that the ration is no wider than the limits 
here indicated. If care is taken to feed only enough protein supplement 
to balance the ration according to these recommendations, each 100 lbs. 
of such a supplement as linseed meal, cottonseed meal, or soybean oil 
meal wUl be equal in value to 250 to 300 lbs. of grain or grain equiva- 
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lent. This value considers not only the saving in amount of feed required 
per 100 lbs. gain, but also the higher selling price, due to better finish. 

993, Adding a supplement to grain and alfalfa hay. — Legume hay 
of good quality is so rich in protein that when fattening cattle are fed 
a liberal amount, along with com or other grain, the ration contains suf- 
ficient protein to produce good gains. Whether or not it will pay to add 
any protein supplement will depend on the amount of hay actually 
eaten, the protein content of the hay, and the age of the cattle. 

Good alfalfa hay is sufficiently high in protein to balance fully the 
ration for 2-year-old fattening cattle full-fed on corn grain and the hay. 
This is shown by Nebraska experiments in which 2-year-old steers ate an 
average of 16.6 lbs. com and 10.9 lbs. alfalfa hay per head daily, gaining 
2.41 lbs. a day, and requiring 695 lbs. com and 460 lbs. hay per 100 lbs. 
gain.^ The nutritive ratio of this ration was 1:7.1, which is even nar- 
rower than necessary for 2-year-old steers. The addition of linseed meal 
or cottonseed meal to this ration did not increase the rate of gain or 
decrease the amounts of feed required per 100 lbs. gain. Neither did it 
increase the selling price of the steers. 

Fattening calves require a larger proportion of protein than do 
older cattle, and it would therefore be expected that for them there 
would be more advantage in adding a supplement to a ration of com 
and alfalfa hay. In three South Dakota experiments in which fattening 
calves were fed liberally on alfalfa hay, with com as the grain, they 
received an average of 6.5 lbs. hay and 13.5 lbs. com per head daily and 
gained 2.42 lbs. a day.^ Adding about 1 lb. per head daily of linseed 
meal to the ration increased the daily gain only 0.04 lb., and each 100 lbs. 
of linseed meal saved only 64 lbs. corn plus 51 lbs. hay. It was therefore 
not profitable to add the supplement. 

Fattening calves that consumed somewhat less alfalfa hay in 3 other 
similar experiments, received 4.6 lbs. hay per head daily and gained an 
average of 2.27 Ibs.^ Adding linseed meal or cottonseed meal to the 
ration increased the gain to 2.45 lbs. and produced a somewhat better 
finish. The cattle fed the supplement sold for 30 cents more per hun- 
dredweight, on the average, and returned $2.82 more per head over cost 
of feed than those fed no supplement. 

From these trials it may be concluded that it does not usually pay 
to add a supplement to corn and a liberal feed of good alfalfa hay for 
2-year-olds and also for yearlings. The addition of a supplement to this 
ration will also not generally be profitable in the case of calves, if they 
consume a liberal amount of good-quality alfalfa hay. These statements 
apply also to soybean hay and cowpea hay, which contain even more 
protein, on the average, than does alfalfa hay. 

If the amount of alfalfa hay is nearly as large as this, it will require 
only a small amount of protein supplement to balance the ration. For 
example, a ration of 11 lbs. corn grain and 5 lbs. average alfalfa hay has 
a nutritive ratio of 1 :7.7, which is slightly too wide for fattening calves. 
Adding to this ration only 0.5 lb. of cottonseed meal of 41 per cent pro- 
tein grade will provide plenty of protein to meet the recommendations 
of the Morrison feeding standards, for the nutritive ratio will then 
be 1 :6.9. 

When the grain fed with alfalfa hay is barley, wheat, or oats, there 
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is obviously less advantage in adding a supplement than with com, 
owing to the higher protein content of these grains.^ 

994. Adding a supplement to grain and clover hay. — Since clover 
hay of average quality contains less protein than alfalfa hay, a ration 
of corn and clover hay does not provide quite enough protein for maxi- 
mum gains, even of 2-year-old cattle. This is shown by 5 experiments in 
which 2-year-old steers fed 18.7 lbs. shelled corn and 9.9 lbs. clover hay 
gained 2,08 lbs. per head daily and required 910 lbs. corn and 485 lbs. 
hay per 100 lbs. gain.® Adding 2.75 lbs. of linseed or cottonseed meal 
to this ration increased the daily gain to 2.38 lbs., and each 100 lbs. of 
supplement saved 130 lbs. corn, plus 70 lbs. hay. 

The saving in feed per 100 lbs. of supplement was hardly large 
enough to make the use of the supplement profitable, chiefly because 
much more supplement was fed than is now known to be necessary for 
cattle of this age. The nutritive ratio of the ration of corn and clover 
hay alone was 1 :9.0, which provides nearly enough protein for 2-year- 
olds. Adding merely 0.5 lb. per head daily of cottonseed meal (41 per 
cent protein grade) would provide sufficient protein, for the nutritive 
ratio would then be 1 :8.4. This is within the limits advised in the 
Morrison feeding standards. 

When no more supplement is fed than is actually needed, it will 
probably be profitable under usual conditions to add a protein supple- 
ment to com and clover hay for fattening 2-year-old cattle. There will 
be still more advantage in the case of yearlings, and with calves the 
proper amount of supplement should always be added. The amount of 
supplement needed with mixed clover-and-grass hay will depend on the 
proportion of clover actually present in the hay. 

996. Supplement needed with non-legume roughage. — When leg- 
ume hay forms only part of the roughage for fattening cattle, the 
amount of protein in the ration is correspondingly lessened and the need 
of a supplement increased. The amount of supplement required for any 
combination of roughages and grain can readily be found by computing 
a ration which is balanced according to the feeding standards. 

When fattening cattle are fed all the com or sorghum silage they 
will eat in addition to com or other grain, the silage is so palataWe that 
they will generally eat but 2 to 5 lbs. of hay a day, even when it is 
legume hay of good quality. This small amount of legume hay is insuffi- 
cient to balance the ration, and therefore the gains will be increased con- 
siderably if a supplement is added. 

The effect of adding a protein supplement to a ration of a liberal 
amount of corn silage, with com grain and clover hay, is shown in the 
following table, which summarizes the results of 14 comparisons in which 
2-year-old steers averaging 935 lbs. in weight were fed for an average 
of 161 days.® 

The steers in Lot II, fed 2.6 lbs. of protein supplement (cottonseed 
meal or linseed meal) in addition to shelled corn, corn silage, and clover 
hay, gained 0.4 lb. more per head daily than those in Lot I, which had 
no supplement. They also ate slightly less feed per 100 lbs. gain, but 
their feed cost per 100 lbs. gain was $0.65 higher, because the cost of 
the supplements was much more per ton than that of com. However, 
the selling price for the steers fed the supplement was enough higher to 
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more than offset the greater cost of the gains, and their net return per 
head over cost of feed was slightly greater. 


Adding a supplement to corn, corn silage, and clover hay 




Feed per 100 lbs. gain 

Feed 


Net 

Average ration 

Daily 

Concen- 

Hay 

Silage 

cost per 
100 lV>s. 

Selling 

return 

per 

gain 

Lbs. 

trates 

Lbs. 

Lbs. 

Lbs. 

gain 

Dollars 

price 

Dollars 

head 

Dollars 

Lot I, no supplement 

Shelled corn, 12.7 lbs. 
Corn silage, 28.6 lbs. 
Clover hay, 3.6 lbs 

... 2.1 

619 

177 

1,390 

13.19 

9,03 

9.62 

Lot II, fed a supplement 
Supplement, 2.6 lbs. 
Shelled corn, 12.4 lbs. 
Corn silage, 28.3 lbs. 
Clover hay, 3.5 lbs.... 

. . . 2.5 

612 

144 

1,186 

13.84 

9-36 

9.91 


Considerably more supplement was fed in these trials than is actu- 
ally needed, according to our present information. If only 1.25 lbs. of 
supplement had been used, instead of 2.6 lbs., the nutritive ratio would 
have been 1 :8.4, which is narrow enough for 2-year-old fattening cattle. 
The rate of gain and the selling price would then probably have been 
about as high as with the larger amount of supplement, and the net 
return would have been materially greater. 

On account of the high protein content of alfalfa hay, a ration of 
corn grain, corn silage, and alfalfa hay is more nearly balanced than 
when closer is fed. Therefore less supplement is needed. In 6 experi- 
ments 2-year-old steers fed this ration (4.0 lbs. of alfalfa hay being fed 
daily) gained 2.22 lbs. per head daily, in comparison with a gain of 
2.47 lbs. when 2.34 lbs. of cottonseed meal or linseed meal were added.^ 
However, there was not sufficient saving in the amount of feed required 
per 100 lbs. gain or enough increase in the selling price to make the use 
of the supplement profitable for cattle of this age. 

The nutritive ratio of the ration of com grain, corn silage, and 
alfalfa hay was 1 :9.0, which is nearly narrow enough for fattening 
2-year-old cattle. It would have required only 0.5 to 0.75 lb. of cotton- 
seed meal to provide as much protein as now advised in the Morrison 
feeding standards. If only this amount had been fed, the use of the 
supplement would probably have been profitable. 

996. Supplement more necessary for calves. — ^Because fattening 
calves need more protein than do older cattle, there is more benefit from 
feeding them a protein supplement in addition to corn grain, corn or 
sorghum silage, and legume hay. In 8 experiments the addition of 1.5 lbs. 
per head daily of linseed meal or cake to a ration of corn grain, corn 
silage, and alfalfa hay increased the daily gain from 2.01 lbs. to 2.29 lbs. 
and raised the selling price 42 cents per 100 lbs.® (In 6 of the trials the 
calves were fed a mixture of corn and oats while they were being started 
on feed.) The average net return per head over feed costs was $2.60 
more for the supplement-fed calves, being greater than for those fed no 
supplement in all except one of the tests. In these experiments each 
100 lbs. of linseed meal were worth as much as 230 lbs. of com grain, 
considering all factors. 
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Similar results were secured in three Kansas trials in which calves 
were fed com grain and sorghum silage^ with only 2 to 3 lbs. of alfalfa 
hay.® The addition of 0.9 lb. cottonseed meal to the ration increased the 
net returns in each test, and each 100 lbs. of cottonseed meal were worth 
as much as 287 lbs. of corn grain. 

997. Mineral requirements. — ^Beef cattle should always be sup- 
plied re^larly with salt, as shown in the following paragraphs. Whether 
there will be any need of furnishing additional mineral supplements 
to provide either calcium or phosphorus will depend entirely on the 
amounts in the ration, as is shown in later paragraphs. 

Wherever there is trouble from goiter, or ‘‘big neck,’’ in calves at 
birth, iodized salt should be supplied the breeding cows during the latter 
part of the pregnancy period. (172) In a few districts, the soil is so 
deficient in iron or in both iron and copper that poor results follow 
unless cattle on pasture are provided a mineral mixture containing these 
minerals. (173) 

There is no need of adding to the usual rations for beef cattle any 
other minerals, such as sulfur, potassium, sand, or dirt.^® (182) Also, 
the addition of kelp to well-balanced rations is not usually profitable. 

(671) 

998. Salt. — Salt should be supplied regularly to all beef cattle. 
(158) The best plan is to provide it where they can have access to it 
and can take what they wish, instead of salting them only once or twice 
a week. 

For feeding where the salt is not exposed to the weather, loose salt, 
rock salt, and block salt are all satisfactory, but flake salt is not desirable 
for feeding in the open, on account of the great loss through weathering. 
Cattle prefer the softer kinds of block salt to that which is very hard. 
In Iowa tests with fattening cattle fed under shelter, tliere were no dif- 
ferences in rate or economy of gain when salt was fed in flake form or 
in blocks.^^ Cattle usually eat somewhat more salt when fed flake salt 
than when supplied with block salt. 

In Iowa experiments in which a record was kept of the amount of 
block salt consumed by cattle fattened in dry lot with shelter, it was 
found that the average for 2-year-olds was 0.022 lb. per head daily in 
14 tests and the average for calves 0.021 lb. per head daily in 10 tests.^'** 
The salt consumption was thus about two-thirds pound per month. 
Where salt is fed in the open, about twice this amount must be fed, to 
allow for wastage. 

Cattle on pasture consume much more salt than those fed in dry 
lot on harvested feeds, and they eat more in spring and early summer 
when the forage is abundant and succulent than later in the season. In 
a Kansas test yearling and 2-year-old steers on pasture consumed about 
2.8 lbs. of block salt per head in July, 1.8 lbs. in August, and 1.2 lbs. in 
September and in October.^® Nearly equal amounts were lost by weather- 
ing of the salt blocks. In another Kansas test, when a salt mixture was 
fed, which was advertised as repelling flies from cattle, no such effect 
was noted.^^ 

Under range conditions a total of about 20 lbs. of salt is provided 
for each cow during the year.^® The salt allowance should be from 2.0 to 
2.5 lbs. per head a month when the feed is succulent or when the cattle 
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are subsisting largely on browse. Later in the season 1.0 to 1.5 lbs. per 
month are usually sufficient. 

999. Calcium. — ^When beef cattle are fed a sufficient amount of 
legume hay or other legume roughage (as silage containing considerable 
legumes), there will be no lack of calcium in the ration. Consequently, 
there is no advantage in adding a calcium supplement like ground lime- 
stone to such rations.^® (161) 

Experiments conducted several years ago, which are summarized in 
the next chapter, showed that fattening cattle did not make as rapid 
gains or reach as good a finish when fed only non-legume roughage of 
good quality, as when they received some legume hay. (1071) This was 
true even when care was taken to furnish plenty of protein in the non- 
legume ration, by the use of sufficient amounts of protein supplements. 

Extensive experiments by McCampbell and associates at the Kansas 
Station and also later studies by others have shown conclusively that 
the poor results on non-legume roughage of good quality are due to a 
lack of calcium.^^ For example, in the Kansas tests fattening cattle made 
decidedly smaller and less economical gains on rations of grain, protein 
supplement, and either sorghum silage or sorghum silage and prairie 
hay for roughage, than they did when fed a limited amount of alfalfa 
hay. 

However, when 0.1 lb. ground limestone or similar calcium supple- 
ment was added to the non-legume ration, the results were as good, or 
nearly as good, as when alfalfa hay was fed. This does not mean that 
prairie hay or other grass hay would then be equal to legume hay in 
value per ton, for a greater amount of protein supplement is needed to 
balance the ration when no legume hay is fed. (993-996) 

When only non-legume roughage is used, there is more apt to be a 
lack of calcium for fattening cattle than for cattle that are being carried 
through the winter for later fattening. This is because even non-legume 
hay, fodder, or silage contains considerably more calcium than the 
grains. Therefore fattening cattle that are liberally fed on grain, and 
consequently eat only limited amounts of roughage, receive much less 
calcium than stock cattle being wintered on roughage with little or no 
grain. 

However, especially in the case of calves, it is wise to add 0.1 lb. 
per head daily of ground limestone or other calcium supplement to a 
wintering ration that contains no legume roughage, unless the roughage 
has been raised on soil rich in calcium. In Nebraska trials there was 
a marked benefit for wintering calves from adding ground limestone to 
a ration of corn silage or sorghum silage plus 1 lb. per head daily of 
cottonseed meal.^® Similarly, in a Wyoming test it was profitable to add 
ground limestone to a ration for wintering beef cattle which was com- 
posed of native grass hay, sunflower silage, and 1 lb. cottonseed cake per 
head daily.^® 

If good-quality non-legume roughage, such as grass hay or corn or 
sorghum fodder or silage, is grown on calcium-rich soil, there may be. 
no lack of this mineral in the ration when these feeds are the only 
roughages for beef cattle. There will then be no benefit from adding 
a calcium supplement.^® However, since ground limestone and other 
calcium supplements are cheap, it is advisable to add to such rations the 
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small amount needed as an insurance against any deficiency, unless 
there is definite knowledge that the calcium supply is ample. 

When fattening calves eat only 2 lbs. or less of legume hay per head 
daily, along with a full feed of grain and corn or sorghum silage, it may 
be wise to add 0.05 to 0.10 lb. calcium supplement per head daily to the 
ration.*^ Such a small amount of legume hay may not provide quite 
enough calcium for them, since their calcium requirements are consider- 
ably higher than for older cattle. 

1000. Phosphorus. — The recent investigations that are summarized 
in Chapter VI have shown that throughout many districts in this and 
other countries the soil is so deficient in phosphorus that the forage 
produced on it provides insufficient of this mineral for cattle or other 
stock. (163) As a result, the animals become unthrifty and fail to make 
normal gains. They may even die as a result of the phosphorus de- 
ficiency, or because of disease contracted through chewing decomposed 
and putrid bones in an effort to get the needed phosphorus. Under such 
conditions there is a striking benefit from providing bone meal or other 
safe phosphorus supplements. (166) 

It is of interest to note that a serious lack of phosphorus in pasture 
forage may even impair the quality of beef from cattle fattened on such 
pastures. In a Kansas test beef from cattle fattened on phosphorus- 
deficient pasture hs^d a higher shrinkage loss in storage and did not stand 
ripening for so long a period as beef from normal animals.^^ 

Recommendations are made in Chapter VI concerning suitable 
methods of furnishing phosphorus. (181) But little information is yet 
available to show the minimum amounts of phosphorus or calcium re- 
quired by beef cattle of various ages. The requirements for young beef 
cattle are probably about the same as for young dairy cattle. (950) In 
New Mexico experiments yearling steers were able to store phosphorus in 
their bodies when their ration contained 14.8 grams (about one-half 
ounce) per head daily 

When fattening cattle are fed rations which include 1.0 lb. or more 
per head daily of cottonseed meal, linseed meal, soybean oil meal, soy- 
beans, or other protein supplements rich in phosphorus, they will have 
an ample supply of this mineral. There is therefore no need of adding 
a phosphorus supplement to such rations. In some experiments there 
has been no improvement whatsoever from adding to good rations of 
this kind either bone meal or a mineral mixture containing bone meal 
or other phosphorus supplements.** In other tests the improvement has 
been but slight.*® 

When no protein supplement that is rich in phosphorus is included 
in a ration for fattening cattle, there may be a marked advantage in add- 
ing bone meal or some other phosphorus supplement. This is especially 
the case when a considerable part of the ration consists of wet beet pulp, 
beet molasses, or other feeds very low in phosphorus. In Utah experi- 
ments, summarized in the next chapter, the gains of fattening cattle 
were' doubled when 0.1 lb. per head daily of bone meal was added to a 
ration of wet beet pulp, beet molasses, and alfalfa hay. (1064) 

In contrast to these results, there was no advantage in an Idaho 
experiment with fattening cattle from adding bone meal to rations con- 
sisting of only alfalfa hay or of a liberal amount of alfalfa hay, fed 
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with barley and dried beet pulp.^® The difference between the Utah and 
Idaho results was probably due to the larger amount of alfalfa hay 
eaten in the Idaho test, and to the fact that barley contains much more 
phosphorus than does beet pulp or beet molasses. Also, if feeder cattle 
come from a range where the forage is rich in phosphorus and in cal- 
cium, they may make good gains during the usual fattening period on 
a ration rather low in these minerals. 

Whenever there is any probability that there is insufficient phos- 
phorus in a ration for fattening cattle, a phosphorus supplement should 
be added as insurance. If there is a decided lack of phosphorus, 0.1 
lb. per head daily of bone meal or the equivalent amount of another safe 
phosphorus supplement should be used. When the feeds probably 
supply nearly enough phosphorus, half this amount of phosphorus sup- 
plement is ample, 

1001. Vitamin requirements. — The only vitamin that is of im- 
portance in feeding beef cattle under any usual conditions is vitamin A. 
Even when they receive no feeds rich in vitamin D, they are generally 
protected against any lack because they are commonly outdoors most 
of the daytime throughout the year, in all usual methods of commercial 
beef production. (191) So far as is known, there is no lack of the other 
vitamins in feeding beef cattle. (195-200) 

Beef cattle will receive plenty of vitamin A when they are on 
green pasture and also when they are fed a reasonable amount of well- 
cured hay or corn or sorghum fodder. Good silage will also provide 
sufficient of this vitamin under most conditions. On the other hand, if 
they receive only such roughage as cottonseed hulls, straw, or hay of 
very poor quality, they will sooner or later be seriously affected by the 
deficiency of this vitamin. (186) 

For a limited time fattening cattle that have previously been 
properly fed may make normal gains on a ration low in vitamin A. For 
instance, cattle will usually not show evidences of a lack of vitamins 
for 2 to 3 months when fattened on a ration consisting only of cotton- 
seed hulls, fed with cottonseed meal or other usual concentrates. How- 
ever, if they do not have a good store of vitamin A in their bodies, they 
will be affected sooner. In a Georgia trial, steers began to show the 
effects of such an inadequate ration before the end of the second month 
of fattening.2^ 

Care should be taken not to feed beef cattle for any long period 
on a ration that does not include at least 3 to 5 lbs. per head daily of 
good-quality roughage, which will supply the necessary amounts of 
vitamin A. While beef breeding cows are often wintered in the wheat- 
growing districts of the West on nothing but straw plus 1 lb. per head 
daily of protein supplement, such a ration cannot be advised except 
under emergency conditions. (1107) There should be added a limited 
amount of well-cured hay or other roughage high in vitamin A, and also 
a calcium supplement. 

California investigations have shown that when range cattle are 
forced to subsist for long periods on mature and weathered grass or 
similar forage, they may suffer from a serious deficiency of vitamin A.*® 
This is due to the fact that the carotene has been nearly all destroyed 
in suck forage. Fumishipg a limited amount of well-cured alfalfa hay 
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or other hay rich in vitamin A will prevent the injury that may other-^ 
wise result. 

If the roughage fed to beef cattle contains sufficient vitamin A, 
there will be no difference in the value of yellow com and white corn. 
On the other hand, yellow corn is superior to white com when fed with 
vitamin-deficient roughages.^® 

1002. Need of roughage for fattening cattle. — Good roughage is 
the chief source of vitamin A and of calcium in most rations for cattle. 
It is therefore not surprising that fattening cattle have not made good 
gains when such roughage has been omitted from the ration. 

In two Nebraska tests yearlings fed nothing but ground ear corn 
and cottonseed cake for only 65 days made decidedly less rapid gains 
than others fed alfalfa hay as roughage.^® In an Illinois trial cattle fed 
for 112 days, only a mixture of ground oats, wheat, and corn, with cot- 
tonseed meal as a protein supplement, gained but 1.63 lbs., in compari- 
son with 2.45 lbs. for others fed alfalfa hay in addition.^^ 

1003^ Water. — It is important that beef cattle have an abundant 
supply of good* water at all times. During winter in the northern states, 
water in tanks or troughs should be kept from freezing by using suit- 
able heaters, but there is no need otherwise of warming the water.®® 
Separate water troughs should be provided for pigs running with the 
steers. While it is best to have water before beef cattle at all times, 
they readily adapt themselves to taking a fill once daily. 

The water provision should be not less than 10 gallons per head 
daily for 2-year-old steers or breeding cows. In Ohio tests beef calves, 
averaging about 800 lbs. in weight, drank 6.5 to 7.1 gallons of water per 
head daily during the latter part of the fattening period.®® In summer 
the average daily consumption of various groups was 6.8 to 8.0 gallons 
per head. 

1004. Amount of concentrates for fattening cattle. — One of the 
most important problems in cattle feeding is deciding how much grain 
or other concentrates to feed during the fattening period. Upon a wise 
decision of this problem depends in no small measure the financial out- 
come of the feeding operations. 

In early years when com and other grains were usually very cheap 
in price, fattening cattle were’ ordinarily fed all the grain they could 
be induced to eat, after they had been gotten on feed. Commonly 
2-year-old steers were fed an average of over 20 lbs. of corn per head 
daily, in addition to hay and other dry roughage. Later, when com 
silage came into wide use for fattening cattle, it was found that when 
steers are fed all they will eat of silage from well-eared corn, they will 
not consume so much com grain in addition to the roughage. 

Usually 2-year-old steers full-fed shelled corn in addition to corn 
silage, hay, and enough protein supplement to balance the ration will 
not average throughout the fattening period over 15 to 16 lbs. of corn 
pen head daily, not including that in the silage. Full-fed yearlings will 
average about 3 lbs. less com per day than 2-year-olds, and calves 
about 5 to 6 lbs. less. 

Many experiments have been conducted to determine the most 
profitable amounts of grain for the dry-lot fattening of cattle of the 
various ages under different conditions. In these tests the feeding of a 
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very limited amount of grain, either throughout the entire feeding period 
or only during the first part, has been compared with the full-feeding 
of grain. Other trials have been conducted to find what results could 
be secured when fattening cattle were fed only all the well-eared corn 
silage they would clean up, with legume hay and just enough protein 
supplement to balance the ration. 

These extensive investigations have shown that it is most profitable 
to feed grain liberally throughout the entire fattening period, unless 
the price of grain is unusually high in comparison with the prices of 
hay or other roughage, or unless the local market pays no premium for 
well-fattened cattle. It is shown in the next chapter that in certain 
sections of the West where alfalfa hay is very cheap and but little pre- 
mium is paid for thoroughly-finished cattle, the best returns are secured 
when 2-year-olds or yearlings are fed little or no grain. (1076) Also, 
the price of grain occasionally rises so high in comparison with that of 
roughage, as during the World War, that it pays to limit the amount 
of grain, even in the com belt. The feeding of concentrates to cattle 
that are being fattened on pasture is discussed in Chapter XXXII. 
(1128) 

While 2-year-olds and yearlings will reach a fairly satisfactory 
degree of fatness on a very limited allowance of grain or other concen- 
trates, liberal grain feeding is required to make calves really fat. If 
fed only good roughage, even including an abundance of well-eared 
silage, they will make fair gains in weight, but will merely grow and 
will not put on much fat. Experiments have shown that unless ^ain 
is extremely high in price in comparison with roughages, it is practically 
always most profitable to give calves a liberal allowance of grain 
throughout the entire fattening period.^* 

1005. Feeding no grain except that in silage. — It was found in 
several experiments that when first placed on feed 2-year-old steers 
would make excellent gains for some time on only corn silage or sorghum 
silage, hay, and 2 to 3 lbs. of linseed meal or cottonseed meal.^® Trials 
were then conducted to find whether 2-year-olds could be made fat 
enough for the large markets when fed such rations throughout the 
entire fattening period. The following table presents the results of 16 
tests in each of which one lot of 2-year-old steers, averaging 979 lbs. in 
weight, was fed for an average of 125 days only well-eared corn silage, 
legume or mixed hay, and a limited amount of protein supplement, while 
another lot received a full feed of corn grain in addition.^® 

The steers fed no corn grain except that in the well-eared corn 
silage made the surprisingly good average gain of 2.1 lbs. per head daily. 
Before the introduction of the silo and the use of modern, well-balanced 
rations this would have been considered a good rate of gain on a liberal 
feed of grain. However, the steers full-fed corn made considerably more 
rapid gains, averaging one-half pound more a day. As a result, they 
were much better finished at the end of the fattening periods than the 
steers fed no com grain except that in the silage. 

Some of these tests were carried on during the World War when 
com was as high as $1.50 per bushel, while others were conducted when 
com was cheap in price. The feed costs per 100 lbs. gain accordingly 
varied widely in the individual trials. On the average, the feed cost 
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per 100 lbs. gain was $1.93 higher for the steers full-fed on com than 
for the no-corn ration. 

Feeding no grain except that in corn silage 


Average ration 

Corn grain, lbs 

Supplement, lbs 

Hay, lbs 

Corn silage, lbs 

Average daily gain, lbs 

Feed per 100 lbs. gain 
Com grain, lbs 

. Supplement, Iba 

Hay, lbs 

Com silage, lbs 

Feed cost per 100 lbs. gain 

Selling price per 100 lbs. . . 

Net retufn^ per head 



Other factors are fully as important as the cost of the gains in 
deciding the financial outcome. Much more pork is produced by pigs 
following full-fed steers than when no shelled corn is fed the cattle. 
Furthermore, full-fed steers reach a better finish and hence bring a 
higher price on the market. There was not, however, as much difference 
in the actual selling price in these trials as many experienced cattlemen 
would predict. In fact, the “no com'' steers brought only 70 cents 
less per hundredweight than the others. 

Because of the higher selling price and the greater pork credit, the 
full-fed steers made a much better average financial showing than those 
fed no com except that in the silage. While the full-fed cattle returned 
an average of $2.55 per head over cost of feed, the no-com cattle did not 
quite pay for their feed. However, in some of the experiments con- 
ducted when com was extremely high in price, the cost of gains was 
so much lower for the no-com cattle that they returned the greater 
profit. 

In other similar experiments with yearling or 2-year-old cattle the 
results have generally been similar to those here summarized.^’' It is 
not possible to fatten calves satisfactorily without feeding considerable 
grain in addition to that in corn or sorghum silage. 

1006. Feeding limited amounts of com. — ^When it seems problemat- 
ical whether it will be more profitable to feed 2-year-olds or yearlings 
no com except that in the silage, or on the other hand to feed a liberal 
allowance of com, a middle course may be taken and a limited amount 
of com grain may be supplied the cattle. This method has been tested 
in a number of trials in which various amounts of com grain have been 
fed. 

The following table summarizes the results of 11 trials in each of 
which one lot of 970-lb. 2-year-old steers has been full-fed on shelled 
com in addition to com silage, legume or mixed hay, and a small allow- 
ance of cottonseed meal or linseed meal. In each trial another lot has 
been fed about half as much com grain throughout the feeding period 
which averaged 131 days in length.*® 




Cftampionshtp Yearling Fat Steers at the International 
Yearlings usually make less expensive gains than older steers, but require a some- 
what longer feeding period to reach the same finish. The f)rof)ortion of steers mar- 
keted as yearlings has increased considerably in recent years. 



A Fine Bunch of Baby Beeves 

Blocky calves of good type and conformation must be selected for baby beef pro- 
ductiom as others will not usually reach the desired maturity and finish at this early 
age. (From U. S. Department of Agriculture.) 




Self-feeding Ear Corn to Steers on Pasture 
Self-feeders are sometimes used for fattening cattle after they are on full feed. 
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Full feed of corn versus half allowance for fattening steers 



Daily 


Feed for 100 lbs. gain 


Average ration 

gain 

Corn 

Supple- 

ment 

Hay 

Silage 

Lot I, juLl feed of corn 

Lbs. 

Lbs. 

Lbs. 

Lbs. 

Lbs. 

Shelled corn, 13.8 lbs. 

Supplement, 2.6 lbs. 






Corn silage, 285 lbs. 

Hay, 2.4 lbs 

Lots II, half feed of com 

Shelled corn, 6.9 lbs. 

2.66 

521 

98 

95 

1,103 

Supplement, 25 lbs. 






Com silage, 41.0 lbs. 

Hay, 2.7 lbs 

2.31 

306 

114 

128 

1,825 


In these trials the steers fed only a half allowance of shelled com 
made the very satisfactory gain of 2.31 lbs. a head daily at a feed cost 
of 67 cents Jess per 100 lbs. gain than those full-fed on shelled corn, 
and they sold for only 44 cents less per hundredweight. The difference 
in selling price and the difference in the amount of pork produced by 
the pigs following the steers more than offset the cheaper gains, and 
the full-fed steers returned $3.35 more profit per head on the average. 

When it seems desirable to limit the amount of com grain for year- 
lings or 2-year-olds, it is best during the first part of the period to feed 
them only silage and hay, with enough linseed meal or cottonseed meal 
to balance the ration. They will make excellent gains on such a ration 
for some time, and then about 40 to 60 days before they are to be sold, 
they should be started on com grain and finished on a full feed. 

Trials at the Indiana and Missouri Stations show that this method 
takes less com than where a half allowance of corn is fed throughout 
the entire feeding period.^® Yet it produces fully as large gains and as 
good a finish. Consequently the profit is greater than where a limited 
amount of com is fed over the entire period. 

II. General Factors Influencing Beef Production 

1007. The necessary margin. — Under usual conditions the cost per 
100 lbs. of the gains made by feeder cattle that are being fattened for 
market is greater than the selling price of the finished animals per hun- 
dredweight. Therefore, in order to make a profit or even to prevent 
loss on the fattening process, a higher price per 100 lbs. must be secured 
for the fat cattle when marketed than their original cost per 100 lbs. as 
feeders. This is also generally the case in the fattening of feeder lambs 
or older sheep for the market. 

The difference between the cost per hundredweight of the feeder 
animals and the selling price per hundredweight of the same animals 
when fattened is called the margin. The term necessary margin means 
the margin that is required for any particular lot of animals to avoid 
loss. 

To determine the margin that will be necessary in feeding a par- 
ticular class of cattle, the other expenses must be taken into considera- 
tion, in addition to the cost of feed for each 100 lbs. of gain. Where 
full value can be secured from the manure, this and the credit for the 
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pork produced are commonly assumed to cover the cost of labor, housing, 
taxes, interest, incidental expenses, and the mortality risk. 

However, one must include in his financial estimates the expenses 
incident to the purchase of the feeder cattle and of bringing them to 
the feed lot, and also the expenses of marketing them after they are 
fattened. These marketing expenses include the cost of transportation, 
the loss through the shrinkage in live weight during shipment, and the 
expenses at the central stockyards, such as yardage fees, commission, 
and cost of feed supplied at the stockyards. 

1008. Factors affecting necessary margin. — The following factors 
have an influence on the margin that is necessary for any particular 
lot of cattle: 

1. Other conditions being equal, the more the animal weighs when 
placed on feed, the less is the necessary margin. This is because the 
increased selling price is obtained on a greater number of pounds of 
initial weight. This factor may be offset, however, if the heavier cattle 
are older and therefore make more expensive gains. 

2. The higher the initial cost is of the feeder cattle per hundred- 
weight, the smaller is the necessary margin. This is because the initial 
cost of the animals per 100 lbs. will then more nearly equal the cost of 
the gain per 100 lbs. 

3. The greater the cost of the gains, the higher will be the neces- 
sary margin. Thus, a large margin is necessary when feeds are high 
in price. Also, a much greater margin is needed when animals are 
carried to a high degree of fatness. 

4. The larger the total amount of gain made per head by the 
cattle, the greater will be the margin needed to prevent loss. This is 
because the margin on the initial weight of the animal must cover a 
greater number of pounds of expensive gains. 

5. Obviously, a greater margin is needed when the expenses are 
heavy for getting the steers to the feed lot and then to the market, 
after fattening. 

Since these factors all have an influence at the same time on the 
necessary margin, computations are necessary to find approximately 
how great a margin will be needed to prevent loss under any particular 
set of conditions. One can estimate the necessary margin by computa- 
tions based on the cost of feeders at any given time; the prices of the 
available feeds; the average amounts of feed required for 100 lbs. of 
gain (as shown in this and the following chapter) ; and the other ex- 
penses that must be considered. 

The effects of the various factors upon the necessary margin are 
shown by the following examples: 

Let us suppose that 700-lb. yearling steers cost $8.00 per hundredweight when 
put in the feed lot. They are to be fed 180 days, and it is expected that they will 
gain 2.0 lbs. per head daily at a feed cost of $11.00 per 100 lbs. gain. Assuming 
that the pork produced by pigs following the steers and the value of the manure 
will ‘offset the labor and miscellaneous expenses, what will be the necessary selling 
price and the necessary margin, after deducting the marketing expenses? 

The steers will make a total gain per head of 360 lbs., and the total feed cost 
of this gain will be $39.60 at $11.00 for each 100 lbs. gain. Adding this to the 
total initial cost of the cattle per head, which was $56.00, we will have $95.60 as 
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the total cost per head of the fat cattle. Dividing this total by the final weight 
of the cattle, which is 1,060 lbs. (700 lbs. plus 360 lbs.), we find that the cattle 
must bring $9.02 per hundredweight in the feed lot to break even. 

To determine the necessary margin, we subtract the initial cost per hundred- 
weight from this necessary selling price. This gives us $1.02 as the necessary margin 
under these particular conditions. 

In general, it may be stated that the necessary margin is usually 
smaller for fattening calves than for older cattle. This is because they 
make much cheaper gains and also because their initial cost per 100 lbs. 
is commonly higher than for yearlings or 2-year-olds. 

1009. Yield of dressed carcass. — According to the United States 
Census the average live weight of cattle slaughtered at wholesale slaugh- 
tering and meat packing plants was 946.5 lbs. for the period 1922- 
1929. The average weight of dressed carcass was 504.0 lbs., making 
the average dressing percentage 53.2 per cent. Because of the increas- 
ing demand for smaller cuts of beef, the average weights are now 
probably less. 

Good to choice fat steers will range from 56 to 59 per cent in 
dressing percentage, and show steers, which are of extra good type and 
in high condition, will usually dress 59 to 63 per cent.^° Pat cows dress 
about 56 per cent, and canners from 35 to 43 per cent. 

The veal calves slaughtered at wholesale slaughtering plants 
averaged 173.2 lbs. in live weight and yielded 103.2 lbs. dressed carcass 
for the period 1923-1929. The average dressing percentage was 59.6 
per cent, being higher than for cattle because the hide is left on the 
veal carcass to protect the flesh. 

1010. Value of beef blood for beef production. — All those with 
considerable experience in the cattle business know that “blood tells 
in beef production, just as it docs in other types of stock farming. Good 
returns cannot be expected when calves are raised for beef out of scrub 
or inferior cows, sired by a scrub bull or one lacking in the desired 
beef characteristics. This has been shown conclusively by careful tests 
at the experiment stations and by the results secured on a host of 
farms where scrub cattle have been replaced by well-bred beef animals. 

The greater earning capacity of purebred or high-grade beef cattle 
over scrubs was well shown in an inquiry conducted by the United 
States Department of Agriculture among 2,000 farmers in 36 states 
who had improved their herds in a national “Better Sires — Better 
Stock campaign.**^ These men estimated that purebred beef cattle had 
an average earning power 37 per cent gre^jter than that of common 
or scrub stock, based on utility alone and not considering the, greater 
pride and pleasure in caring for well-bred cattle. Those who had re- 
placed scrub bulls with purebred sires reported an average increase of 
48.0 per cent in returns traceable to the use of the purebred sires. These 
figures show clearly that no stockman who persists in keeping scrubs 
can expect a profit. 

In comparison with scrubs, well-bred beef cattle have the following 
advantages; (1) They make more rapid gains and are therefore heavier 
at a given age; (2) the gains are usually cheaper; (3) the animals ma- 
ture earlier; (4) they furnish a higher percentage of dressed carcass; 
(5) they produce a greater proportion of the more valuable cuts of 
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meat; (6) their carcasses have less internal fat; and (7) their beef is 
superior in quality. 

1011. Rapidity and cost of gains. — When they are raised and 
finished for market under the same conditions, beef-bred cattle will 
make appreciably more rapid gains than most scrubs. Also, they will 
usually require a little less feed for 100 lbs. gain. This has been the 
case in experiments conducted by the Georgia, North Carolina, Okla- 
homa, and South Carolina Stations in which scrub calves have been 
compared with better-bred calves.*^ 

In 6 Oklahoma tests, for example, calves from scrub dams gained 
only 1.67 lbs. per day on the average during the fattening period, and 
their feed cost of 100 lbs. gain was $8.58. Calves from purebred sires 
and scrub dams gained 1.88 lbs., with a feed cost per 100 lbs. gain of 
$8.32. Well-bred beef calves from a purebred sire and high-grade beef 
cows gained 1.97 lbs. and required only $7.72 worth of feed per 100 
lbs. gain. 

On the other hand, in Arkansas experiments calves from a scrub 
sire and sorub dams gained fully as rapidly to market age as purebred 
beef calves or ^calves from the scrub sire and grade beef cows.^^ In 
considering these results, it must be borne in mind that the scrub 
cattle in aU these tests were vigorous, thrifty animals and were fed and 
cared for as well as the well-bred beef cattle. Commonly, it is found 
that on farms where scrub animals are raised, the methods of feeding 
and management are no more improved than are the stock. 

In all of the tests the chief difference in the results between the 
well-bred beef calves and the scrubs has been in the value of the animals 
on the market. Thus, in the Oklahoma trials the scrub steers sold for 
$1.71 less per 100 lbs. than the steers from purebred bulls and high- 
grade cows, and for 92 cents less per 100 lbs. than the steers from 
purebred bulls and scrub cows. Likewise, in the Arkansas tests the 
purebred steers sold for $1.26 more per 100 lbs. than the scrubs. Second- 
cross calves from purebred bulls and the scrub cows sold at nearly as 
high a price as the purebreds, while first-cross steers were intermediate 
in value. 

Occasionally the claim is still made that well-bred beef cattle eat 
less than scrubs. The very opposite is true. They are heartier eaters, 
for they have greater ability to digest feed and convert it economically 
into meat. It is for this very reason that they make more rapid and 
more economical gains than scrubs. 

It is shown later in this chapter that dairy-bred steers of the larger 
dairy breeds may make as large and as cheap gains as beef -bred steers. 
However, their carcasses are of considerably lower value for beef. 

1012. Early maturity of well-bred beef cattle.— It is well known 
that well-bred beef steers mature, or reach the degree of fatness 
demanded by the market, earlier than scrubs or dairy-bred steers. In- 
deed, only calves of good beef type are suited for fattening at an early 
age as baby beeves. Though dairy steers may grow rapidly, they do 
not become well fleshed at a sufficiently early age. 

1018. Superior carcasses of well-bred beef cattle. — ^Well-fattened 
steers of good b^f type have a somewhat higher dressing percentage 
fhan scrub or dairy steers that have been fattened equally. Also, the 
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beef steers have a higher percentage of loins and ribs, which are the 
most valuable cuts, and a smaller proportion of the cheap cuts. The 
actual differences in dressing percentage and in percentage of different 
cuts is not large, however. 

There is a more marked difference between beef -bred steers and 
either scrubs or dairy steers in the distribution of fat in the body. In 
the carcass of a well-bred beef steer more of the fat is distributed 
throughout the muscular tissues, and less is deposited about the internal 
organs, where its only value is for tallow. Fat distributed throughout 
the lean meat makes it tender, juicy, and toothsome. On the other hand^ 
when it is deposited in separate masses anywhere about the body, it has 
but low value. 

One of the most important differences between beef cattle and scrub 
or dairy-bred cattle is in the quality of beef produced. The thick- 
fleshed cuts from well-fattened beef cattle command a much higher 
price on discriminating markets than the thin-fleshed cuts from scrubs 
or dairy animals. Due to these differences in (quality of the carcass, 
fat cattle of good beef type sell for a considerably higher price on the 
market and therefore bring a much larger return to the man who has 
raised them. 

1014. Fattening cattle of the various market grades. — The preced- 
ing paragraphs show clearly that for the beef producer who raises the 
animals he fattens or for the man who raises cattle for sale as feeders, 
well-bred animals of the beef breeds are the most profitable. The 
matter is more complicated for one who fattens feeder cattle that he 
purchases on the market. He must consider not only the cost of the 

gains he can expect from cattle of the various grades, but also the 

differences in their initial cost per hundredweight and the probable 

differences in their selling prices when fattened. 

Fortunately, the results from feeding cattle of the various market 
grades have been carefully compared in several experiments. The 
results of these studies are of much importance to those who make a 
business of the fattening of purchased feeders for the market. The 
table on page 640 summarizes the data secured in 15 trials in each of 
which a group of 'good or choice western feeder steers has been fed a 
good ration in direct comparison with a group of medium feeder steers 
and also with a group of common steers, all being fed the same ration.^* 
A total of 423 steers were fed in these tests for feeding periods averag- 
ing 173 days. 

The good to choice groups of cattle in these experiments were high- 
grade beef animals of good type and conformation. The medium steers 
were of less desirable type and were usually somewhat thinner, but 
were of the beef breeds. Many of the common feeders were of dairy 
breeds or showed admixture of dairy blood. Although the common 
steers were thrifty, they were thinner and averaged lighter in weight 
than the better grades. 

There was but little difference in the rate of gain by the steers of 
the different grades in these trials. Because the medium and common 
feeders were thinner at the start than the better steers, their average 
gains were a trifle more rapid. For the same reason, the feed cost per 
100 lbs. gain was slightly the lowest for the common grade and was a 
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trifle less for the medium grade than for the choice to good grades of 
cattle. 

These trials therefore show that common feeder cattle will gain as 
rapidly, provided they are equally thrifty, as the cattle of the higher 
grades. Also, there will be a tendency for them to require slightly less 
feed per 100 lbs. gain, because they usually carry somewhat less flesh 
when purchased. 


Comparison of various grades of feeder cattle 



Good to 

Medium 

Common 


choice 

feeders 

feeders 

feeders 

Initial weight, lbs 

624 

607 

550 

Daily gain, lbs 

2.31 

2.37 

2.35 

Feed cost per 100 lbs. gain 

S8.37 

$823 

$8.03 

Initial cost per 100 lbs 

S7.54 

$6.30 

$5.20 

Selling price per 100 lbs 

$8.30 

$7.82 

$7.14 

Actual margin per 100 lbs 

$0.76 

$1.52 

$1.94 

Net return per head over feed cost. . 

$2.75 

$6.32 

$5.17 

Dressing percentage, per cent 

•Average of 5 experiments. 

60.6* 

68.7* 

56.9* 

The table shows that the 

average initial weight of the 

common 


feeders was considerably less than that of the better grades. Since they 
were fully as old or even older, this means that they had made con- 
siderably less rapid gains than the better animals up to the time they 
were sold as feeders. 

The average initial cost of the good to choice feeders in these tests 
was $2.34 more per 100 lbs. than for the common feeders, and $1.24 
more than for the medium feeders. While the better cattle also sold 
for higher prices when fat, there was much less difference in the selling 
price than there was in the initial cost. The good to choice steers sold 
for only $1.16 more per hundredweight than the common grade, and 
the medium steers for only 68 cents more than the common cattle. 

The average actual margin per 100 lbs. between initial cost and 
selling price was only 76 cents for the best grade, while it was $1.52 
for the medium feeders and $1.94 for the common feeders. As a result 
of their cheaper gains and the greater margin, the net return per head 
over cost of feed was decidedly greater for the medium and for the 
common feeders than it was for the cattle of the better grade. The 
average dressing percentage, in 5 experiments where this was deter- 
mined, was only 56.9 per cent for the common feeders, while it was 
58.7 per cent for the medium group and 60.6 per cent for the best cattle. 

Computations from the data in the table will show that if the 
good to choice feeders had been bought for $6.97 per hundredweight, 
instead of $7.54, the net return from them would have been the same 
as from the medium feeders, which were purchased at the average price 
of $6.30. Thus, the good to choice feeders were actually worth only 67 
cents more per 100 lbs. than the medium feeders, while they cost $1.24 
more. 

To make the same net return per head from the common feeders 
as from the medium grade, it would have been necessary to buy them 
for $4.99 per 100 lbs. instead of at the actual cost of $5.20. There was. 
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therefore, a difference of $1.31 per 100 lbs. in the real value of the 
common and the medium feeders, while the difference in the actual cost 
was only $1.10. 

1015. Choosing between the grades of feeder steers.— One should 
not conclude from the foregoing summary that the best profits are 
always made from buying the lower grades of feeder cattle. The finan- 
cial outcome from the various grades will depend primarily on the 
margin that can be secured between their purchase price as feeders and 
their selling price as fat cattle. 

The spread in price between the prices for good to choice fat cattle 
and for those of the lower grades is usually the greatest in summer and 
fall. This is because there are fewer such cattle then coming on the 
market. The spread is apt to be smallest in late winter and spring, 
when a large number of well-fattened cattle are coming to market from 
the feedlots. 

In purchasing feeders one should not base his decision on the spread 
in price between the various grades at that time, but upon the difference 
there will probably be, based on average prices, when he has them fat- 
tened and ready for market. If one has access to a special market that 
pays an unusually large premium for thoroughly fat cattle of high 
quality, obviously he can not hope to secure the premium unless he 
fattens animals of the best grades. 

In purchasing feeders of the lower grades it is especially important 
that they be carefully selected and that only thrifty animals are bought. 
Otherwise the results may be disappointing. Some experienced feeders 
specialize in fattening cattle that do not even come up to the common 
grade. Such animals are in disfavor on the market, for most good 
stockmen doi not want them on their premises. Therefore, they can 
often be bought for a price that offers good possibilities of profit. Many 
such animals are unthrifty, and therefore the death losses during the 
fattening process are higher than for good cattle. Also, more skill is 
necessary in feeding these cheap cattle. The fattening of such cattle 
should therefore be undertaken only by an expert who knows cattle and 
market conditions. 

1016. Dairy steers vs. beef steers vs. cross breds. — The question 
is often asked as to the value for beef of steers from the dairy breeds, 
especially Holstcins, in comparison with steers of the beef breeds. Three 
Wisconsin experiments supply information on this question and also 
on the value of cross-bred steers from Holstein cows bred to a beef bull.^® 

In fhese trials Holstein calves fed for an average of 217 days gained 
2.37 lbs. per head daily, in comparison with 2.19 lbs. for Aberdeen- 
Angus calves and 2.05 lbs. for cross-bred Holstein- Angus calves. The 
feed cost per 100 lbs. gain was also slightly the lowest for the dairy 
steers. These differences were probably due to the fact that they did 
not carry quite so much flesh when the fattening period began. 

The average selling price was $13.00 for the Angus steers, in com- 
parison with $12.16 for the cross-breds and $10.08 for the Holsteins. 
Though the dairy steers made excellent gains, they were not well covered 
with flesh over the back and ribs, the forequarters were rough, and they 
lacked thickness of flesh over the shoulders. These faults were much 
more noticeable in the live animals than in the carcasses, for the well- 
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fattened Holstein steers made a desirable grade of medium beef. In 
fact, there was no outstanding difference in the quality of the cooked 
beef from the three lots. 

1 he cross-bred steers in these tests made very desirable baby beeves, 
both on foot and when slaughtered, though they were not quite so 
smoothly covered with fat as the Angus steers. The cross-breds and the 
Angus steers both had an average dressing percentage of 62 per cent, 
while that of the Holsteins was only 59 per cent. 

These and also other experiments show that young steers of the 
larger dairy breeds make acceptable beef when well fattened.^® How- 
ever, such steers usually sell at a considerably lower price on the market 
and therefore are worth much less as feeders than are beef steers. 

1017 . Relation between conformation and gains. — ^It is well known 
that there are great differences in the rate of gain and in the economy 
of gain made by individual cattle of the same breed. Relatively few 
experiments have yet been conducted to determine just what points of 
conformation are of importance as indications that an animal will make 
rapid and cheap gains. In the studies thus far reported there has been 
much difference* in the results secured.^^ 

In considering this question it must be borne in mind that steers 
of dairy type which lack the desired beef conformation may make just 
as rapid and economical gains as beef steers. However, their carcasses 
will be less valuable. Experienced judges of cattle are generally much 
more successful in picking out young cattle that will rank high when 
fattened than they are in predicting just which animals will make the 
largest gains or will require the least feed per pound of gain. They 
prefer animals that are low-set, deep, broad, and compact, with roomy 
digestive tracts and evidences of strong constitutions. Cattle feeders 
also know that temperament is of great importance in determining gains 
in the feed lot. The calm, quiet animal which eats its fill and then lies 
down is almost sure to outgain the nervous, restless beast. 

Studies at the Minnesota Station indicate that there may be possi- 
bilities for great improvement in the efficiency of beef production by 
selection of breeding animals on the basis of a record of performance 
of their offspring in the feed lot.^® 

1018 . Influence of age on economy of gains. — It is well known that 
young animals require less feed per pound of gain in live weight than 
do older ones of the same kind, and that their gains are therefore much 
cheaper. The reasons for this marked difference, which is of much 
practical importance in beef production, have been fully explained in 
Chapter VII. ( 204 - 200 ) 

Studies conducted by Haecker at the Minnesota Station over a 
period of several years well show the effect of age upon the amount 
of feed and of digestible nutrients required per 100 lbs. gain in weight.^® 
In these experiments a careful record was kept of all feed eaten by grade 
beef steer calves from birth to two years of age or over. So that all the 
feed consumed could be accurately determined, the calves were raised 
by hand, instead of nursing their dams. 

During the various periods the steers were allowed all the roughage 
(com silage and prairie hay) they would eat, but the amount of concen- 
trates was somewhat smaller than is commonly fed to cattle that are 



GENERAL PROBLEMS IN BEEF PRODUCTION 


643 


being fattened for market. When the steers reached a weight of 1,200 
lbs. they were sufficiently well fleshed for the market, but some were 
continued on trial until they reached 1,500 lbs. and were very fat. The 
following table presents certain of the most important data for the 
steers that were not on pasture during the experiments. 


Feed required for 100 lbs, gain by steers of various ages 


Period 

Av. 

daily 

gain 

L 

Skim 

and 

whole 

milk 

oed for 1C 

Concen- 
t rates 

0 lbs. gair 

Hay 

Silage 

Total 

dig. 

nutrients 
per 100 
lbs. gain 

Feed 
cost of 
100 lbs. 
gain 


Lbs. 

Lbs. 

Lbs. 

Lbs. 

Lbs. 

Lbs. 

Cents 

100- 200 lbs 

0.93 

1,252 

91 

103 

6 

225 

7.50 

200- 300 lbs 

1.33 

575 

196 

232 

126 

319 

4.90 

300- 400 lbs 

1.44 

160 

251 

291 

326 

376 

5.00 

400- 600 lbs 

1.51 


291 

322 

481 

429 

5.50 

500- 600 lbs 

1.85 


283 

314 

438 

426 

5.30 

600- 700 lbs 

1.71 


362 

440 

327 

529 

6.50 

700- 800 lbs 

1.79 


425 

480 

135 

553 

7.50 

800- 900 lbs 

1.53 


558 

550 

364 

708 

9.50 

900-1,000 lbs 

1.62 


550 

455 

715 

731 

9.30 

1,000-1,100 lbs 

1.53 


623 

449 

876 

808 

10.00 

1,100-1,200 lbs 

1.48 


714 

455 

899 

885 

1150 

1,200-1,300 lbs 

.... 


821 

774 

1,050 


14.40 

1,300-1,400 lbs 

• • • « 


870 

785 

1,200 


15.20 

1,400-1,500 lbs 

.... 


911 

563 

1,746 


15.40 

From calf to 600 lbs. . . 

1.39 

433 

232 

264 

279 


6.30 

From calf to 1,200 lbs... 

1.52 

194 

407 

385 

423 


7.80 

From calf to 1,500 lbs... 


153 

506 

454 

618 


9.30 


The daily gains of the steers increased until they reached 600 lbs. 
in weight, after which they decreased slightly. The amount of feed 
required for 100 lbs. gain rose steadily as the steers grew and fattened. 
While only 225 lbs, total digestible nutrients were required for 100 lbs. 
gain between the weights of 100 to 200 lbs., over 800 lbs. total digestible 
nutrients were required for 100 lbs. of gain after the steers reached 
the weight of 1,000 lbs. 

The feed cost of 100 lbs. gain was higher for the first period than 
for those immediately following, due to the whole milk that was fed. 
The cost then rose gradually from $4.90 per 100 lbs. gain between 200 
and 300 lbs. live weight up to $15.40 between the weights of 1,400 and 
1,500 lbs. The feed cost of the gains was especially high after the 
steers had reached 1,200 lbs., at which time they were sufficiently well 
fleshed for the market, but not fat enough for “ prime beef. 

Some steers were turned to pasture the second summer and then 
returned to the bam and fattened the next winter. These animals made 
niuch more rapid and economical gains than those that had not been 
on pasture. This was because they carried less flesh, and also possibly 
owing to a greater supply of vitamins or unknown nutritive essentials 
which they secured from the green forage, that put them in the best 
condition to make profitable gains. 
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In these investigations it was found that the older steers actually 
stored as much energy in their bodies for each 100 lbs. of total digestible 
nutrients in the feed they ate, as did the younger steers. However, as 
the body gains made by the young steers were high in water and low in 
fat, while those of the older steers consisted chiefly of energy-rich fat, 
much more feed was required by the older steers per 100 lbs. of gain 
in weight, as has already been pointed out. 

In a previous comparison of the economy with which the various 
farm animals convert their feed into human food, it has been shown 
that beef cattle rank along with sheep in the economy with which they 
produce edible meat, but are greatly excelled by swine. (231) In these 
Minnesota investigations it was found that well-flnished 1,200-lb. steers 
yielded in their carcasses 10.95 lbs. of edible meat and fatty tissues, 
containing 6.02 lbs. dry matter, for each 100 lbs. total digestible nu- 
trients they had consumed during their growth and fattening. 

During the entire lives of these steers they converted about 10 per 
cent of the gross energy in the feed they ate into the energy stored in 
their body tissues.®^ Thus the ‘‘over-air^ efficiency of the steers was 
10 per cent. 

1019. Calves vs. yearlings vs. older cattle. — On account of the 
great practical importance of the matter, many experiments have been 
conducted to compare the costs of gains and the net returns from fat- 
tening cattle of various ages. The table on page 645 presents an average 
of the results secured in 17 experiments in which calves, yearlings, and 
2-year-olds were directly compared.®^ In these trials special efforts were 
made to secure feeder cattle of equal quality for the different ages. 
Cattle of good beef type and conformation were used in practically all 
the tests. 

The cattle were fed grain (corn in all except one experiment) and 
legume or mixed hay. In addition they received a small allowance of 
cottonseed meal or linseed meal in certain of the tests and had silage 
in addition to hay for roughage in 6 of the trials. Similar results 
have been secured in several other experiments in which not all the 
age-groups of cattle were used, or in which somewhat different rations 
have been fed.®^ 

An average feeding period of 197 days was needed to fatten the 
calves sufficiently to meet market demands, while the feeding period was 
only 174 days for the yearlings and 162 days for the 2-year-olds. Often 
it will take 225 days or more to fatten calves properly, if they are thin 
when put on feed. 

When young cattle are fed liberally from calf -hood, the daily gains 
will reach their maximum during the first year, and then the rate of 
gain will gradually decline. However, in the case of feeder cattle which 
are in thin condition when fattening begins, yearlings and 2-year-olds 
will make slightly more rapid gains than calves. 

In these experiments the average daily gains were 2.40 lbs. for the 
2-yeer-olds, 2.26 lbs. for the yearlings, and 2.19 lbs. for the calves. 
These are somewhat larger gains than are secured, on the average, in 
commercial cattle feeding. In these experiments cattle of good quality 
were fed excellent rations under cafeful supervision.. Therefore the 
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data in the table show the results that can be secured by experienced 
stockmen and under favorable conditions. 


Comparison of calves, yearlings, and 2-year-olds 


Av. initial wt., lbs 

Length of feeding period, days 

Calves 

Yearlings 

2 -year-olds 

414 

638 

840 

197 

174 

162 

Av. daily gain, lbs 

2.19 

2.26 

2.40 

Av. total gain, lbs 

431 

393 

389 

Av. ration: 

Grain, lbs 

10.1 

13.1 

15.8 

Supplement, lbs 

1.1 

1.1 

1.1 

Hay, lbs 

i2 

6.4 

6.8 

Silage, lbs 

4.1 

5.8 

7.5 

Total feed consumed per head: 

Grain, lbs 

1.990 

2,279 

2,552 

Supplement, lbs 

217 

188 

170 

Hay, lbs 

827 

935 

941 

Silage, lbs 

808 

1,014 

1,221 

Feed per 100 lbs. gain by steers : 

Grain, lbs 

462 

586 

667 

Supplement, lbs 

47 

45 

41 

Hay, lbs 

198 

241 

246 

Silage, lbs 

186 

258 

308 

Feed cost per 100 lbs. gain 

$ 9.14^ 

$10.98* 

$1207* 

Initial cost per 100 lbs 

$ 8.78^ 

$ 8.21^ 

$ 8.24* 

Selling price per 100 lbs 

$10.32* 

$10.08* 

$10.14>*' 

Net return per steer 

S 9.39 

$ 4.08 

$ 325 

Dressing percentage, per cent 

58.9t 

59.8t 

60.7t 


•Average of 16 experiments, 
t Average of 11 experiments. 


There was not a great difference in the total gains, though a total 
of about 40 lbs. more gain was necessary to finish the calves properly 
than for the yearlings or 2-year-olds. Often the total amount of gain 
needed to finish calves properly will be somewhat more than was made 
by the high-quality calves in these experiments. 

The amounts of feed eaten per head daily by the calves were 
considerably less than for the older cattle. However, since the calves 
were fed for a longer period, there was much less difference in the 
total amount of feed consumed by the cattle of the different ages. 

The economy of the younger cattle is shown by the amounts of 
feed required per 100 lbs. gain and by the feed cost per 100 lbs. gain. 
While the feed cost of each 100 lbs. of gain made by the calves was 
only $9.14, it was $10.98 for the yearlings and $12.07 for the 2-year-olds. 

Calves usually cost more per 100 lbs. as feeders than do yearlings 
or 2-year-olds, and this is shown in these experiments. While the 
average initial cost of the yearlings and 2-year-olds was approximately 
the same, the cost of the calves was 57 cents per 100 lbs. higher than for 
the yearlings. 

This greater cost of the calves was more than offset by their cheaper 
gains and by the further fact that they sold for an average of 24 cents 
more per hundredweight than the yearlings and for 18 cents more per 
hundredweight than the 2-year-olds. As a result, the average net return 
over the cost of feed, after allowing credit for the pork produced by 
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the pigs following the cattle, was $9.39 per head for the calves, in 
comparison with $4.08 for the yearlings and $3.25 for the 2-year-olds. 
The table shows that the dressing percentager was distinctly higher for 
the older cattle, averaging 58.9 per cent for the calves, 59.8 per cent 
for the yearlings, and 60.7 per cent for the 2-year-olds. 

Three-year-old cattle will usually require even more feed per 100 
lbs. gain than 2-year-olds. Old cows generally do not make as rapid 
gains as yearlings or 2-year-olds, and their gains cost considerably 
more.®* 

, 1020. Which age of feeders should be purchased? — One should 
not conclude from the preceding summary that it is always more profit- 
able to feed calves than older cattle. Whether or not this will be the 
case depends on the conditions at any particular time. In deciding 
which age of feeders to purchase, the following factors should be 
considered : 

If the cost of yearling or 2-year-old feeders per 100 lbs. is enough 
below that of calves to offset fully the cheapness of the gains by calves, 
then the profit may be greater from feeding the older cattle. Somewhat 
more care is necessary in feeding calves than in the case of yearlings 
or 2-year-olds. 

Calves are not well suited to utilize roughage of poor quality. There- 
fore, if one wishes to use considerable low-grade hay, corn stover, or 
straw, he will prefer older cattle. Also, calves must have a liberal 
amount of grain to fatten properly, while 2-year-olds will reach a fair 
market finish on nothing but good corn silage, a little hay, and enough 
protein supplement to balance the ration. 

Some people decidedly prefer the beef from well-finished older 
cattle of good quality to that from baby beeves, as it has more flavor. 
Therefore, there still is, without question, a definite demand for such 
carcasses. At certain times the supply is not sufficient to meet this 
demand, and then the price for fat yearlings or 2-year-olds of choice 
quality may be higher than that for baby beeves. 

Calves have another advantage that is sometimes of importance, in 
addition to their cheaper gains and higher average selling price per 
hundredweight when well fattened. They will continue to make good 
gains for some time after the end of the ordinary feeding period, and 
if not continued on feed too long their carcasses will not be wastefully 
fat. Therefore if the prices for fat cattle happen to drop at the time 
when it has been planned to market them, and one believes the prices 
will be better a few weeks later, calves can successfully be continued on 
feed for a reasonable length of time. 

On the other hand, when 2-year-olds are already well fattened, 
further gains are very expensive. Also, the cattle will soon become 
so fat and heavy that they will not bring a satisfactory price, even if 
there is improvement in the general level of cattle prices. 

1021. Excessive fattening does not pay. — Experienced cattle 
feeders know that it never pays to carry fattening cattle to an un- 
necessarily high I ^finish.’’ After an animal is already well fattened, any 
further gains are much more expensive. 

This is because the gains in weight then consist chiefly of fat and 
contain but little water. Also, after an animal has become fat, its 
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appetite is less hearty, and consequently it eats less feed in proportion 
to its weight than does one in moderate condition. As a result, it has a 
smaller proportion of its food available for making body tissue, after the 
maintenance requirements have been met. 

Not only are the gains exceedingly expensive when cattle are carried 
to extreme fatness, but also the carcasses from such animals do not meet 
the desires of most consumers. The lean meat will, it is true, be of 
the highest quality, but too large a proportion of the various cuts will 
consist of masses of fat which are not usually eaten. It has been 
pointed out in Chapter VII that the primary object of fattening stock 
for slaughter is the improvement of the quality of the lean meat through 
the depositing of fat between the bundles of muscular fibers. This gives 
the meat from well-fleshed animals the characteristic marbled appear- 
ance. The accumulation of the separate masses of fat in the carcass 
is only a necessary accompaniment in the process. (218) 

Any excess fat beyond that which is required to make the meat 
attractive, juicy, and well-flavored is waste, because the consumer will 
generally not eat it, though it has been a heavy expense to the producer. 
In former years, when cattle were usually fattened after they were 
well grown, it was necessary to carry them to a high finish to make the 
meat tender and juicy. Now, however, with our changed methods of 
beef production in which cattle are fattened while yet young and grow- 
ing, such extreme finishing is no longer needed to produce beef of good 
quality. 

The demand for highly-fattened steers is limited, even on the large 
central markets, for most consumers cannot afford this wasteful class 
of beef. Often such steers will bring some premium over those which 
are well fattened, but not ^^ripe.^^ However, unless one is so fortunate 
as to have a special market outlet for highly-fattened cattle, the differ- 
ence in price is commonly so small that it fails to offset the high cost 
of carrying the steers to this degree of finish. 

The wise beef producer will therefore keep posted with reference 
to the market prices of the various grades of cattle and will sell his 
steers just as soon as they are sufficiently well fleshed to return the most 
profit. While it would be a source of pride to him to sell a load of 
steers that would “top the market/' he knows that often this reduces 
rather than increases the net return. 

An experienced stockman can easily tell the degree of fatness of 
an animal. On thin cattle the flesh on the back and over the ribs and 
shoulders is relatively hard and unyielding, while after proper fattening 
the flesh feels mellow, yet firm and springy. Other indications that a 
steer is well fattened are a well-filled flank, and a full “twist" and 
“cod." If a steer is carried to an extreme degree of fatness, as is 
sometimes done in fitting for shows, the flesh will be soft and blubbery, 
due to the large accumulation of fat. 

1022, Wastefulness of excessive fattening. — The wastefulness of 
capying cattle to an extreme degree of fatness is well shown by a 
Missouri experiment in which one steer was slaughtered before fatten- 
ing, at a weight of 756 lbs., and the entire carcass analyzed.®^ Another 
was slaughtered after being fed a fattening ration for 153 days, when 
it weighed 1,266 lbs. and would have graded as a choice steer but lacked 
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40 to 50 days of feeding of being in prime condition. A third was fed 
until it reached the weight of 1,805 lbs., when it was extremely fat. 

Compared with the animal slaughtered before fattening, it was 
found that the 1,266-lb. steer had stored in its body 152.6 lbs. lean meat 
and 151.7 lbs. fatty tissue. From this stage the gains are chiefly fatty 
tissue. Compared with this 1,266-lb. steer, the 1,805-lb., very fat steer 
had stored 255.5 lbs. more fatty tissue and only 89.5 lbs. more lean 
meat. Furthermore, for each pound of gain in weight the 1,266-lb. 
steer had required only 4.51 lbs. digestible organic nutrients in its 
feed, while the very fat steer had consumed 8.16 lbs. 

1023. Heifers vs. steers. — On the large markets in the United 
States fat beef heifers commonly sell for a definitely lower price than 
steers of similar quality and condition. However, recent investigations 
have shown conclusively that when young heifers are properly fattened, 
but are not over-fat, they yield carcasses that are equal to those from 
steers.®® In these experiments there have been no appreciable differ- 
ences due to sex in the dressing percentage, in the retail value of the 
carcasses, in the color of the meat, or in its tenderness and palatability 
when cooked. * 

Heifers become fat sooner than steers and therefore do not require 
so long a feeding period. If fed for the length of time needed to finish 
steers properly, they become wastefully fat and do not meet the market 
demands. They should therefore be marketed just as soon as they 
become sufficiently fat, which will be fully 30 to 40 days earlier than 
in the case of steers of the same age. If properly-finished heifers are 
sold at weights not over 700 to 750 lbs., they will generally bring a 
better price than if fattened to a weight of 900 lbs. or more. 

The lower selling price of fat heifers in this country is probably 
due for the most part to the fact that many of them are pregnant when 
marketed. This lowers the dressing percentage and may affect the value 
of the carcass. This situation is due to the unwise practice sometimes 
followed of breeding heifers during the fattening period, so they will 
be more quiet and make a trifle larger gains. Unless a buyer on the 
market can be certain that none of a particular lot of heifers is preg- 
nant, he must discount the price he offers, in order to be safe. It is of 
interest to note that in England there is no discrimination in price 
against well-finished heifers. 

Many experiments have been conducted to compare the results from 
fattening heifers and steers of the same age and quality. Most of these 
tests were carried on before it was fully realized that heifers should 
not be fed for as long a period as is required to fatten steers. In the 
great majority of the trials the feeding periods have therefore been the 
same length for the two sexes. 

In 6 experiments in which heifer calves have been fattened for an 
average of 165 days in comparison with steer calves fed for an average 
of 233 days, the daily gains have been the same for both sexes, 2.24 lbs. 

J )er.head daily.®® The average feed cost of 100 lbs. gain was 19 cents 
ess for the heifers than for the steers. 

On the other hand, in 19 experiments in which heifer calves and 
steer calves have been fattened for periods of the same length, the 
heifers have gained only 1.99 lbs. per head daily on the average, in 
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comparison with 2.14 lbs. for the steers.®^ In these trials the feed cost 
per 100 lbs. gain averaged 63 cents more for the heifers, because they 
were fatter at the close of the experiments. This is shown by the fact 
that in the tests in which the dressing percentages were determined, 
the average was 59.9 per cent for the heifers and only 58.0 per cent 
for the steers. 

Including the results of all the 25 experiments, the initial cost 
was 86 cents less per 100 lbs. for the heifers than for the steers, but 
the selling price was also 69 cents less per 100 lbs. The more expensive 
gain and the lower selling price more than offset the lower initial cost 
in these trials, and as a result the net return per head over cost of feed 
was $4.92 less for the heifers than for the steers. In these experiments 
it would have been necessary to buy the heifer calves at $2.15 less per 
100 lbs. than the steers to make an equal net return per head. This 
is probably a somewhat more unfavorable result for the heifers than 
there will be if care is taken not to carry them to an undue degree of 
fatness before they are marketed. 

In 4 experiments in which yearling heifers were compared with 
yearling steers, fed for the same length of time, the gains were slightly 
more rapid, the cost of gains less and the selling price 81 cents more 
l)er 100 lbs. for the steers.®® However, these factors were more than 
offset by the fact that the initial cost of the heifers was $1.66 less per 
100 lbs. than for the steers. The net return per head was therefore 
greater from the heifers. 

Spayed heifers may make slightly better gains than open heifers 
after they have recovered from the effects of the operation, but the 
difference is not sufficient to make up the gain lost until they recover, 
and to cover the expense and risk.®® 

If possible, heifers should be fed apart from steers, to lessen the 
disturbance at the heat periods. However, in a Minnesota test about as 
good results were secured from a mixed lot of heifers and steers as 
from the two sexes fed separately.®® 

1024. Preparation of feeds. — The general principles which deter- 
mine whether any particular method of feed preparation for stock will 
prove profitable have been fully discussed in Chapter IV. (97-104) 
Information is presented in the following chapter on whether or not it 
pays to grind each of the grains for beef cattle. 

In general, the small grains should all be ground for beef cattle. 
In the case of com, there is usually not enough saving through grinding 
to warrant the expense, if pigs follow the cattle to utilize any un- 
masticated grain. 

Statements are sometimes made that rolling small grain is prefer- 
able to grinding it. However, a mixture of ground wheat and oats 
proved better for fattening cattle in an Illinois test than rolled wheat 
and oats.®^ The bulkiness of the rolled grain decreased the amount eaten 
and therefore lessened the gains. 

1025. Chopping or grinding dry roughage. — There has been con- 
siderable discussion as to whether it pays to chop or grind hay or other 
dry roughage for beef cattle. Under certain conditions, as is shown 
later, chopping hay, fodder, or stover will increase its value sufficiently 
to warrant such preparation. 
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Grinding of hay or other dry roughage into a meal is much more 
expensive than chopping it. In experiments to study the effect of 
grinding roughage for beef cattle, such preparation has generally made 
no more saving than chopping it or has not been profitable, except in 
the case of sorghum fodder, which is mentioned later.®^ 

Grinding com stover and alfalfa hay for fattening calves produced 
no better results than chol)ping it in an Ohio trial.®® Likewise, in a 
test at the University of Alberta, Canada, grinding oat sheaves, prairie 
hay, and legume hay for fattening cattle was not profitable, while 
chopping the roughage was justified.®^ Grinding hay for fattening cattle 
in Arizona, North Dakota, and South Dakota experiments did not pay.®® 

It is pointed out in the next chapter that grinding fodder from the 
sorghums in a machine that grinds or cracks the seed increases its value 
considerably more than merely chopping the fodder. However, the 
ground fodder has a much lower feeding value per acre than sorghum 
silage. In a Colorado test it was not profitable to grind sweet sorghum 
fodder having fine to medium-sized stalks for calves being carried 
through thQ winter.®® 

Whether if will pay to chop or cut hay or other dry roughage for 
beef cattle will depend on the quality and on the price of the roughage, 
and also on the manner in which it is fed. If the forage is consumed 
with but little waste when fed uncut, chopping it will generally not be 
advisable. On the other hand, where the wastage is considerable, chop- 
ping the roughage may make sufficient saving in feed to justify the 
expense. 

In the West, where alfalfa hay is usually cheap, it is commonly 
fed to fattening cattle in very liberal amounts and the wastage is hence 
greater than when only as much is supplied as will be cleaned up 
reasonably well. Chopped alfalfa hay was compared with uncut hay 
in 25 Idaho and Oregon comparisons in which fattening cattle were 
fed alfalfa hay and usually a limited amount of grain or silage in 
addition.®’^ On the average the cattle fed chopped hay gained 0.17 lb. 
more per head daily. From the standpoint of the amount of feed 
required per 100 lbs. gain, chopping the hay increased its value about 
25 per cent- 

Chopping soybean hay for fattening cattle in a Louisiana test in- 
creased its value 25 per cent.®® In three Wisconsin tests chopped alfalfa 
hay was compared with uncut hay for beef cows nursing calves during 
the winter.®® The cows and calves were fed com silage and grain and 
other concentrates in addition to the hay. Chopping the hay for the 
cows made possible a saving of about 10 per cent of the concentrates 
fed. With the concentrate mixture at $30 per ton, this saving amounted 
to $1.82 for each ton of hay fed. In an Ohio trial and in Wyoming 
experiments chopping hay for beef cattle was not profitable.^® 

When cattle are fattened chiefly on alfalfa hay, as in some sections 
of the West, more care is necessary in starting them on chopped hay 
than*on long hay. As the chopped hay is much less bulky, the cattle 
may at fltast over-eat if they are fed an unlimited amount. 

It is pointed out in the next chapter that when cattle are fattened 
on alfalfa hay alone it is not wise to chop low-quality hay in order to 
force them to eat the poorer parts that they would otherwise discard. 
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1026. Mixing chapped or ground hay with grajn. — It is shown in 
Chaper XXXIV that for fattening lambs heavily fed on grain it is 
sometimes advisable to mix chopped or ground hay with the grain, in 
order to lessen digestive troubles. In the case of fattening cattle, how- 
ever, experiments have shown that there is no advantage from the use 
of such combinations, in place of feeding the grain and hay separately.*^^ 

1027. Self feeding. — When it is desired to feed fattening cattle 
all the grain they will eat, self-feeders are often used. As the hopper 
which holds the grain can be of considerable capacity, it requires less 
labor to keep it filled than to feed the grain by hand twice a day. Also, 
self -fed cattle generally gain a trifle more rapidly than when hand-fed, 
even by experienced men. With an inexperienced person doing the 
hand-feeding, the difference is more marked. 

There is also probably less tendency for self-fed cattle to ‘‘go off 
feed’’ than with those that are hand-fed. This is because each animal 
soon learns he can eat what he wishes at any time, and therefore there is 
not the tendency for greedy steers to gorge, as they sometimes do at 
feeding time when fed by hand. 

These advantages are offset to some extent by the fact that more 
grain and less roughage are consumed per 100 lbs. gain by self-fed ani- 
mals, and generally the gains are slightly more expensive than those of 
cattle hand-fed by good stockmen. The greater expense of the gains is 
offset, as a rule, by a higher selling price of the self-fed cattle, due to 
better finish. Ear com is not well suited to self-feeding, as it tends to clog 
the feeder. Therefore corn must be shelled or ground for self-feeding. 

Cattle unaccustomed to grain feeding can not be self-fed grain 
separately until they have been brought to full feed, and then the change 
must be made with care, or some animals will overeat and “founder.” 
Sometimes chopped or ground hay is mixed with the grain in starting 
the cattle on the self-feeder, but this is not a common practice. The 
grain in the self-feeder should be protected from rain and snow, and 
care is necessary to avoid clogging, as an abundance of feed must be 
available at all times. 

Self -feeding of grain has been compared with hand-feeding in 13 
experiments in each of which one lot of cattle has been self-fed grain 
after they were safely on feed, while another lot was given the same 
grain by hand twice a day.^^ The roughages (hay or hay and silage) were 
hand-fed in the usual manner. In most of the trials the grain was shelled 
com, but in three tests a mixture of equal parts shelled com and whole 
oats was fed at first, the oats being decreased later and entirely omitted 
during the last part of the fattening period. 

In these trials the self -fed cattle gained 0.13 lb. more per head daily 
than the hand-fed animals, but their feed cost per 100 lbs. gain was 
26 cents greater. This was more than offset by a slightly higher selling 
price, and on the average the net return per head over cost of feed was 
48 cents per head more for the self-fed cattle, not considering the saving 
in labor. In these tests self -feeding was just as well suited to the fatten- 
ing of calves as of older cattle. 

1028. Shelter. — An important advantage of beef production is 
that expensive buildings are not required. Several experiments have 
shown that, even in climates like that of the northern United States, 
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cattle make fully as rapid and economical gains when fattened during 
winter in an open shed with an adjacent exercise lot, as when more 
warmly housed in a bam.^^ 

With such animals ample heat is unavoidably produced in the body 
through the mastication, digestion, and assimilation of their food to 
keep them warm under all ordinary conditions, without diminishing at 
all the amount of nutrients available for fattening. A reasonable degree 
of cold is a benefit rather than a detriment to liberally-fed fattening cat- 
tle, for in warm weather they have an excess of heat which they must 
get rid of. (119-125) 

111 cold climates where there is considerable rain or snow during 
winter, it is advisable, however, to provide a shed for shelter. Other- 
wise, the loss of heat in the evaporation of water from a wet skin, coupled 
with the loss by radiation, may be so great that food nutrients must be 
oxidized merely to keep the animal warm. 

Unless the winters are unusually severe, there is probably no great 
advantage in providing warmer winter shelter than an open shed for 
beef breeding cows or for young stock, except young calves. For cattle 
being fed little* more than a maintenance ration, warmer shelter will 
save a small amount of feed in cold climates, but it is doubtful if the 
saving will be sufficient to justify much additional expense.*^^ 

The feeding of fattening cattle in open yards, with no shelter other 
than windbreaks, is common in western sections with little rainfall, even 
in regions where the winters are severe. Furnishing shelter in an open 
shed or barn, did not appreciably increase the gains of fattening cattle, 
even of calves, in tests conducted in eastern Oregon and Washington and 
in Manitoba.^® Neither was there sufficient saving of feed to justify the 
expense of such shelter. 

In humid sections with mild winters it may likewise not pay to 
provide shelter for beef cattle. In Mississippi trials shelter was not 
necessary for wintering beef cows, yearlings, or weanling calves, provid- 
ing that they were in good condition in the fall and if they were 
properly fed.^® The small saving of feed through providing shelter was- 
not enough to warrant the expense. Likewise, in Alabama experiments 
steers fattened in the open during winter made practically as rapid gains 
as those allowed access to an open shed.^^ Shelter reduced the feed cost 
of 100 lbs. gain by only 6 cents. 

When cattle are fattened in a dry lot during the summer it may be 
advisable to confine them to a bam or open shed, merely so that their 
coats do not become harsh and sunburned. Otherwise, the buyers at the 
central market may think that they have been fattened on grass and 
not be inclined to offer the premium for them that cattle well fattened 
in the dry lot generally command.^® 

1029. Confinement and exercise. — Beef breeding cattle and young 
stock being wintered should be allowed plenty of exercise in outside 
paddocks during the winter. Not only does the exercise itself aid in 
keeping them thrifty, but also the exposure to sunlight will prevent any 
deficiency of vitamin D. (191) 

On the other hand, too much exercise for fattening cattle will make 
the gains less rapid and more expensive. This is shown in three Kentucky 
experiments in which fattening steers confined in winter to a bam with 
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covered barnyard were compared with others which had the run of a 
similar barn and were allowed to range at will on a 20-acre bluegrass 
pasture.^® The steers confined to the barn gained an average of 0.16 lb. 
more per head daily and also sold at a slightly higher price. Including 
credit for the pork produced by the hogs following the steers, the con- 
fined steers returned $6.86 more profit per head. 

The ordinary method of feeding fattening cattle in which they are 
fed as a group, having access to a common feed bunk and hay rack, is 
decidedly preferable to confining them in stanchions. Not only is there 
a saving of labor and equipment, but also the group-fed cattle will eat 
more feed, due to competition at the feed bunk, and will make more 
rapid gains. 

For example, in an Ohio test steers fed in a group gained 0.4 lb. 
more per head daily than others fed the same ration, but confined to 
stanchions.®® Similar results were secured in Canadian experiments.®^ 

1030. The paved feed lot. — Where the soil and the climate are 
such that a feed lot will otherwise become a sea of mud and mire in win- 
ter, paving the lot will pay. It will make the cattle more comfortable and 
will increase their gains, and also the pigs following the steers will be 
able to utilize the grain in the droppings more completely. In addition 
there will be much less waste of manure. 

In an Iowa test steers with a paved lot and adjacent open shed 
gained slightly more and sold for a trifle higher price than where the 
feed lot was unpaved.®® Due chiefly to the greater amount of pork pro- 
duced by the pigs following the steers in the paved lot, the net returns 
per head were $4.49 greater for this group of cattle. The profit was 
also greater in a similar Illinois trial from the steers in the paved lot.®® 

It is not necessary to have a large outside lot for fattening cattle. 
For cattle 2 years old or older, 60 square feet of space per head in an 
outside lot and 30 square feet in an adjoining open shed are ample.®* 

1031. Dehorning. — Horned cattle are at a distinct disadvantage 
in the feedlot. They require more room than dehorned or polled cattle, 
they make less rapid gains, and they commonly sell at a lower price on 
the large markets, due to the damage caused to hides and carcasses. 
Therefore it pays well to dehorn feeder cattle before they are fattened 
for market.®® 

1032. Variations in weight. — Cattle show surprising variations in weight from 
day to day, and from week to week. Even when weighed at the same time on con- 
secutive days and under apparently similar conditions, the weight of a steer or a 
cow on any particular day may vary 20 to 40 lbs., and sometimes even more, from 
the weight on the previous day. 

These variations show how difficult it is to know the true weight of an animal 
at any given time. Experiment stations now generally weigh all experimental 
animals for 3 successive days at the beginning and end of feeding trials, taking 
the average as the true weight of the animal on the second day. These variations 
in weight are due chiefly to irregularity in voiding of feces and urine and to dif- 
ferences in amount of water drunk or amount of feed consumed shortly before the 
animals are weighed. 

QUESTIONS 

1. Why is it more necessary than formerly that beef cattle being fattened for mar- 

ket be fed well-balanced rations? 

2, Compare the nutrient requirements of beef cows with those of dairy cows. 
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3. Under what conditions may the kind of protein in the concentrates be of im- 

portance in feeding beef cattle? 

4. About how much will 100 lbs. of protein supplement, such as linseed meal or 

cottonseed meal, be worth for fattening cattle, in comparison with grain, when 
added to a ration that has insufficient protein? 

5. Discuss the addition of a protein supplement to grain and alfalfa hay for fatten- 

ing cattle. 

6. Does it pay to add a supplement to a ration of corn and clover hay in fatten- 

ing: (a) 2-year-olds ; (b) calves? 

7. Discuss the use of protein supplements with non-legume roughage for fattening 

cattle. 

8. Discuss the requirements of beef cattle for: (a) Salt; (b) calcium; (c) phos- 

phorus; (d) vitamin A; (e) water. 

9. Under what conditions and for what ages of cattle is it economical to limit the 

amount of concentrates fed fattening cattle? 

10. Define margin and necessary margin. State the effect of each of 5 factors on the 

necessary margin. 

11. Discuss the value of beef blood for beef production, considering: (a) Rapidity 

and cost of gains; (b) early maturity; and (c) value of carcass. 

12. How would you decide which grade of feeder steers to purchase? 

13. What results liave been secured in trials in which beef -bred steers have been 

compared with dairy-bred steers? 

14. Discuss the influence of age upon the economy of gains by beef cattle. 

15. Upon what factors would you base your decision concerning the age of feeder 

cattle to buy? 

16. Why is it important both for beef producer and for consumer not to carry fat- 

tening cattle to an excessive degree of fatness? 

17. Discuss the results secured from the fattening of heifers. 

18. Discuss the chopping of hay and other dry roughage for beef cattle; the grind- 

ing of roughage. 

19. When would you recommend the self -feeding of grain to fattening cattle? 

20. Discuss the needs of beef cattle for shelter under various climatic conditions. 

21. Contrast the requirements of breeding cattle and of fattening cattle for exercise. 
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CHAPTER XXX 

FEEDS FOR BEEF CATTLE 

I. Grains and Other Concentrates Low in Protein 

Much information concerning the value of the various feeding stuffs 
for beef production has been furnished by the many feeding experi- 
ments, conducted chiefly by the American experiment stations. This 
chapter, which discusses the most important feeds for beef cattle, is 
based largely upon an extensive study of the results of these investi- 
gations. 

For further information on the composition and general character- 
istics of these feeds, the reader is referred to the respective chapters of 
Part II. Detailed information is also presented in Part II concerning 
the feeds of lesser importance that are not considered in this chapter. 

Most of the experiments to determine the relative value of feeds 
for beef cattle have been conducted with fattening animals. Therefore 
the discussions in this chapter are concerned chiefly with the use of 
feeds for this purpose. Further information on feeds and rations for 
breeding cattle and for raising beef cattle is given in the next chapter. 

1033. The cereal grains. — In most grain-growing sections, the 
cereal grains are the chief concentrates fed to beef cattle, these grains 
being combined, if necessary, with protein supplements to balance the 
ration. All of the grains can be used satisfactorily for beef production ; 
the choice between them will depend on the price and availability. In all 
sections where com is a leading grain crop, it is commonly fed as the 
only grain or at least as the chief grain to fattening cattle. In the 
sorghum belt the grain sorghums take the place of corn, and in the 
northwestern states the small grains — ^barley, oats, wheat, and rye — are 
widely used. 

To secure good returns from beef cattle it is imperative that one 
not only appreciate the merits of the cereal grains, but also that he 
understand thoroughly their limitations. For a full discussion on this 
subject the reader is referred to Chapter XVII. (608) It must be 
remembered that all of the cereals are low in protein, com and some of 
the grain sorghums containing somewhat less than barley, oats, wheat, 
or rye. Also, the cereals are very low in calcium and are lacking in 
vitamin D. All except yellow corn are deficient in vitamin A. 

1034. Correcting the deficiences of the cereals. — Experiments con- 
ducted many years ago showed clearly that, even for fattening cattle, 
v^hich do not need large amounts of protein, poor results are secured 
when the cereal grains are fed with only protein-poor roughages, like 
timothy or prairie hay or forage from corn or the sorghums. Such 
rations are not only deficient in protein, but also they are apt to contain 
insufficient calcium and they may be rather low in phosphorus. An 
abundance of legume hay of good quality will largely or entirely make 
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good this deficiency of protein and will supply an abundance of calcium 
for beef cattle. 

The value of legume hay for supplementing the grains is well shown 
by the results of 8 experiments in each of which one lot of steers, 2 years 
old or older, was fed a ration consisting of only corn and protein-poor 
roughage (timothy hay, prairie hay, corn stover, or kafir stover), while 
another lot was fed com and good legume hay.^ The steers fed the well- 
balanced ration of corn and legume hay gained 2.3 lbs. daily, on the 
average, and required only 689 lbs. corn and 575 lbs. hay for each 100 
lbs. gain. On the other hand, those fed the unbalanced ration gained 
only 1.7 lbs. a day and consumed 930 lbs. corn and 832 lbs. hay per 
100 lbs. gain, thus requiring 36 per cent more corn and 44 per cent more 
hay for each 100 lbs. of gain. 

Similar results were secured in experiments where a protein supple- 
ment, such as linseed meal, cottonseed meal, or gluten feed, was added 
to a ration of only corn and protein-poor roughage.^ It was found that 
cattle fed unbalanced rations not only made slow and expensive gains, 
but also they were apt to go off feed and to suffer from digestive dis- 
turbances. Even when fed for a long period, they did not reach as good 
a finish as those receiving balanced rations, and therefore they sold for a 
considerably lower price. 

It should be borne in mind that these great differences occurred with 
cattle that were 2 years old or older. With calves or yearlings the results 
from feeding unbalanced rations would have been even worse. For 
example, in an Illinois trial fattening calves gained only 1.5 lbs. per 
head daily on an unbalanced ration of shelled corn, com silage, and oat 
straw (with a small amount of bone meal added to supply calcium and 
phosphorus.)® Similar calves gained 2.4 lbs. a day on a well-balanced 
ration, and gave a net return over cost of feed more than double that of 
those on the poor ration. 

Since barley, oats, wheat, rye, and kafir usually contain appreciably 
more protein than does com, it is not necessary to use so large an amount 
of protein supplement to balance rations of these grains, fed with non- 
legume roughage, as in the case of com. However, the use of the proper 
amount of supplement is very important. The amount of supplement 
needed with the various grains for fattening cattle of the various ages 
can readily be found by computing balanced rations according to the 
Morrison feeding standards, as has been explained in the previous chap- 
ter. (991-992) When no legume hay is included in the ration, care 
should be taken to add a calcium supplement, except perhaps when the 
roughage has been grown on soils that are well supplied with this min- 
eral. (999) 

1035. Adding a supplement to grain and legume hay. — If fatten- 
ing cattle are fed all the good-quality legume hay they will eat in addi- 
tion to a full feed of com or other grain, they will consume sufficient 
of the protein-rich hay to provide enough protein for satisfactory gains. 
Whether or not it will pay to add a protein supplement to such a ration 
has been discussed in detail in the preceding chapter. (993-994) If 
legume hay is used as only part of the roughage for grain-fed cattle and 
it is fed in combination with such protein-poor feeds as silage or fodder 
from com or sorghum, then it will commonly pay well to add sufficient 
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protein supplement to balance the ration according to the recommenda- 
tions of the Morrison feeding standards. (Appendix Table III.) 

1036. Indian com. — Of all the concentrates, Indian corn is by far 
the most important feed for fattening cattle in the United States. (512) 
It excels not only because of its richness in starch and oil, but also 
because no other grain is so palatable to cattle. Corn is therefore gener- 
ally taken as the standard with which the values of other grains for 
fattening cattle are compared. 

Com is also entirely satisfactory for breeding cattle, if it is wisely 
fed. The prejudice that is often encountered against the use of much 
corn for such stock is due chiefly to poor results secured when com has 
been carelessly fed, without attention being given to its composition. 
Breeding stock should not be fed so much corn that they will become too 
fat. Also, care must be taken to provide plenty of protein and minerals, 
and, if available, some legume hay should be included in the ration. If 
other feeds in the ration furnish sufficient vitamin A, there will be no 
difference in the value of white corn and yellow com. On the other 
hand, if this is not the case, then yellow com will be superior, because 
it supplies this vitamin.'* 

Whether to feed fattening cattle all the corn or other grain they 
will cat or to limit the amount of grain, is a problem of the utmost 
importance. This has been fully discussed in the preceding chapter. 

(1004-1006) 

1037. Preparation of com for beef cattle. — If pigs follow beef cat- 
tle to consume the com grains that escape mastication and digestion, 
corn is most commonly fed as ear com or shelled corn. Numerous experi- 
ments have shown definitely that in such cases there is not sufficient 
saving through grinding the grain to warrant the expense. On the other 
hand, it pays to grind shelled corn or ear corn for cattle that are not 
followed by pigs. Coarse or medium-fine grinding is preferable to fine 
grinding, for such grain is more palatable and also less apt to cause 
heavily-fed fattening cattle to go off feed. (99) Ear corn should be 
ground finely enough so that the cattle will eat the fragments of cobs. 
Up to 6 or 8 months of age, calves chew corn and oats so thoroughly 
that it does not pay to grind these grains for them. 

Cattle that are being fitted for show or sale are generally fed ground 
corn, instead of shelled com or ear com, because the gains are usually 
somewhat more rapid on ground corn. For the same reason, the expense 
of grinding is warranted when one wishes to force cattle to make maxi- 
mum gains, so as to be ready for market before an expected decline in 
the price of fat cattle. 

The use of shock com for beef cattle is discussed later in this 
chapter. (1085) 

1038. Ear corn. — Where corn is raised on the farm for cattle feed- 
ing, it is most commonly fed as broken ear corn. Experiments have shown 
that this is generally the most profitable manner in which to feed farm- 
raised corn during the fall, winter, and spring to fattening cattle that 
are followed by pigs.® 

Ear com is usually broken into pieces before being fed, so that the 
grain can be more readily eaten. The ears are broken over the edge of 
the manger, or are sliced by means of a corn knife or a special machine. 



660 


FEEDS AND FEEDING 


While breaking the ears into two or three pieces is sufficient for older 
cattle, the best results are secured with calves when the pieces are not 
over an inch to an inch and one-half long.® 

Because of the bulk furnished by the cobs, broken ear corn is 
especially good in starting cattle on feed. Ear com is best suited to 
feeding in winter and early spring, before the ears dry out and become 
hard. For summer feeding, shelled corn and ground corn are more 
popular. Unless a special machine is used to slice the ear com, it takes 
more time to break the ears by hand before feeding than to shell the 
corn in large quantities by machinery. 

1039. Snapped corn. — Snapped corn, which is ear corn with some 
husks adhering, that has been snapped from the corn stalks, is often fed 
to beef cattle during the fall and early winter. It gives good results in 
the fattening of older cattle, especially during the first part of the feed- 
ing period.^ Due to the bulky nature of the husks, it is less well suited 
to calves.® Even for yearlings and 2-year-olds it had best be replaced by 
broken ear com or shelled corn during the latter part of the fattening 
period. „ . 

1040. Shelled com; ground com. — Next to ear corn, shelled corn 
is the most common form in which corn grain is fed to beef cattle. In 
nearly all of the experiments in which shelled corn and ground corn 
have been compared for fattening cattle that were followed by pigs, 
shelled com has proved more economical.® 

As shelled corn is the form in which corn is sold on the large mar- 
kets, it is ordinarily the manner in which the grain is fed by those who 
purchase corn for fattening cattle. 

1041. Com-and-cob meal; ^ound snapped com. — Unless there is 
a lack 0 ^ roughage on the farm, it does not usually pay to grind ear corn 
into corn-and-cob meal for fattening yearlings or older cattle, if pigs 
follow them.^® The results of experiments in which corn-and-cob meal 
has been used for fattening calves have differed somewhat. 

It was concluded from Minnesota tests with fattening calves that 
the full-feeding of com-and-cob meal was preferable to the full-feeding 
of shelled corn, because the ground cobs slightly limited the amount of 
grain the calves atc.^^ As a result, they showed less tendency to bloat or 
to go off feed, and they returned a greater profit than those full-fed on 
shelled corn. With pigs following the calves, still better results were 
secured when the calves were fed somewhat less shelled com than they 
would clean up. 

In Ohio tests in which com-and-cob meal was compared with shelled 
corn, any benefit from using corn-and-cob meal was hardly sufficient to 
cover the additional cost of grinding.^^ 

Ground snapped corn is too bulky for feeding throughout the fat- 
tening period, especially in the case of calves. Some beef producers use 
ground snapped com during the first of the feeding period, then change 
to ground ear com, and perhaps finish the cattle on ground com. From 
Nebraska experiments it seems doubtful whether this method is prefera- 
ble to feeding shelled corn or broken ear corn throughout the fattening 
period.^® 

1042. Soft com; ear-corn silage. — Soft corn that has not fully matured before 
frost is well utilized by fattening cattle. The various ways of using such corn have 
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been discussed in Chapter XVII. (516) In Illinois experiments with fattening cattle 
the highest value has been secured from soft corn when fed in the form of ear-corn 
silage.14 Other good methods were to feed the crop as shock corn or to husk the 
corn from the standing stalks As needed for the cattle. 

A given weight of dry matter in soft corn is about equal to the same amount of 
dry matter in mature corn. The gains will usually be somewhat less rapid on the soft 
corn, because the cattle will consume less actual dry matter. For example, it will take 
30 to 60 days longer to fatten calves thoroughly on ear-corn silage than on shelled 
corn. 

1043^ **Cattling down** com. — Particularly in the corn belt fattening cattle 
are sometimes turned into standing corn to harvest the crop. Cattle that are 2 years 
old or older are much better for this purpose than younger animals. The cattle should 
always be brought to a full feed of grain before they are turned into the field, or they 
may overeat and suffer from indigestion. In using this method it is important to feed 
sufficient protein supplement to balance the ration, and to have about twice as many 
pigs following the cattle as would be needed in dry-lot feeding. 

1044. Barley. — In the sections of the western and northern states 
where com does not thrive, barley is of great importance in beef produc- 
tion, for it closely approaches corn in feeding value. (661) Barley is 
not only an excellent grain for fattening cattle, but it is also well suited 
to breeding cattle. 

Though barley usually gives entirely satisfactory results when fed 
as the only grain to fattening cattle, sometimes they tire of it during a 
long fattening period. Also, there is sometimes a tendency for cattle to 
bloat when fed barley as the only grain. In either of these conditions it 
is helpful to mix com or ground oats with the barley. Except in such 
instances, there is no advantage in mixing oats with barley for fattening 
cattle, after they are on full feed, unless the cost of oats per ton is con- 
siderably less than that of barley. 

Barley should be ground or rolled for cattle, but should not be 
ground into a very fine meal. (99) In Minnesota and South Dakota 
trials cattle fattened on whole barley made fairly satisfactory gains, 
but the amount of grain required per 100 lbs. gain was much higher 
than with ground barley.^® These trials show that grinding barley will 
increase its value 20 to 40 per cent for fattening cattle. 

Many experiments have been conducted to determine the value of 
ground barley in comparison with that of corn for fattening cattle. In 
24 experiments in which ground barley has been fed as the only or the 
chief grain in direct comparison with corn, the average gains of the 
barley-fed cattle have equalled those of the corn-fed cattle.^® This aver- 
age of these many experiments shows that the opinion, often expressed, 
that cattle will gain faster on com than on ground barley is incorrect. 

Ground barley also fully equalled com in these experiments so far 
as the amount of feed required per 100 lbs. gain by the cattle was con- 
cerned. However, the selling price of the barley-fed cattle was generally 
a little lower than for those fed corn, in the experiments in which the 
selling prices were reported. Also, where pigs followed the fattening 
cattle, considerably more pork was produced in the corn lots than in the 
barley lots. 

The best measure of the relative value of these grains, when pigs 
follow the fattening cattle, is furnished by the results of 14 of these 
experiments in which ground barley was directly compared with shelled 
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com, pigs following the cattle on each ration. In these trials the barley- 
fed cattle gained 2.27 lbs., on the ‘average, and those fed corn 2.25 lbs. 
On the barley ration a trifle less feed was required per 100 lbs. gain by 
the cattle, but much more pork was produced by the pigs following the 
eom-fed cattle, and the corn-fed steers sold for 13 cents more per hun- 
dredweight than those fed barley. Due to the smaller pork credit and 
the slightly lower selling price on the barley ration, ground barley was 
actually worth only 88 per cent as much as shelled com in these trials. 

The cost of grinding barley must be deducted from this value of 
ground barley, to find the relative value of whole barley (to be ground 
before feeding) in comparison with that of com. If the cattle are not 
sold on a discriminating market and if no pigs follow the cattle in the 
feed lot, then the value of ground barley per ton will be as high as that 
of shelled com, or probably even as high as that of ground com. 

There was no appreciable difference in the value of Trebi barley 
and of ordinary barley in North Dakota tests.^^ Hull-lcss barley is similar 
to wheat in composition, and when ground is about equal to ground 
wheat for fattening cattle.^® Scabbed barley gives satisfactory results 
when fed to bebf cattle. (603) 

1045. Oats. — Due to the hulls, oats are less concentrated than corn 
or barley and are lower in total digestible nutrients. (628) Hence they 
are generally worth correspondingly less per ton for fattening cattle, if 
they form any large part of the concentrates. On account of the bulky 
nature of oats, if fattening cattle are fed oats as the only or the chief 
grain, their consumption of nutrients will be less than on corn, and 
their gains will therefore frequently be somewhat slower. 

Oats are often included in the grain mixture when cattle are being 
started on feed, being omitted when they are safely on feed or at least 
during the latter part of the fattening period. Oats are popular as part 
of the concentrates for breeding cattle, for they have somewhat more 
protein and minerals than corn, and their bulk is no disadvantage for 
such cattle. 

Experiments have shown that, except for calves, it pays to grind 
oats for beef cattle, even when they are followed by pigs. It was found 
in 3 Indiana experiments, in which 2-year-old steers were fattened on a 
mixture of 1 part oats by weight and 2 parts shelled corn, that grinding 
the oats to a medium or a coarse degree of fineness slightly increased 
the gains and resulted in greater net returns.^® On the other hand, finely- 
ground oats were not as valuable as whole oats. 

For calves, there was no benefit in grinding oats in a Kansas trial 
when they were fed as the only grain during the first half of the fatten- 
ing period.*® Likewise, in a Minnesota test with fattening calves it did 
not pay to grind a mixture of shelled corn and oats.*^ 

The relative value of ground oats and shelled com for fattening 
cattle, when each is fed as the only grain, is shown by 3 Michigan experi- 
ments with calves and 3 Indiana trials with 2-year-old steers.** In each 
series of tests either ground oats or shelled corn was fed with legume 
hay, com silage, and either linseed meal or cottonseed meal. Pigs fol- 
lowed the cattle in all cases. 

In these comparisons there was practically no difference in the rate 
ot gain on the two rations. However, the oat-fed cattle were not quite 
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so well finished and consequently sold for a slightly lower price than 
those fed com. Also^ the credit for pork produced was much less for 
the oat-fed cattle. Considering all the factors, ground oats were actually 
worth only 89 per cent as much as shelled com in the experiments with 
calves and 79 per cent as much in the trials with 2-year-old cattle. 

In some experiments ground oats have had a higher value than this 
when they have been used to replace not more than one-third of the com. 
For example, in 4 Indiana trials 2-year-old steers were fed, throughout 
the fattening period, a mixture of one-third ground oats and two-thirds 
corn, by weight, in comparison with others fed shelled com.^^ Substi- 
tuting oats for part of the com slightly increased the rate of gain and 
improved the finish of the cattle. When thus fed, ground oats were 
worth even more per ton than shelled com. 

On the other hand in Iowa experiments with calves and with 2-year- 
old steers and in a Minnesota trial with calves it was uneconomical to 
substitute ground oats for part of the corn throughout the fattening 
period.^* In these trials oats were worth less per ton than com. 

In experiments in which ground oats have been directly compared 
with ground barley as the only feed for fattening cattle, the gains on 
oats have been nearly as rapid, on the average, but ground oats have 
been worth only about 86 per cent as much as ground barley.^® 

1046. Wheat. — ^When wheat is unusually low in price, it is often 
fed to beef cattle in the western states. (637) Even when fed as the 
only grain, it usually gives very satisfactory results, if it is coarsely 
ground, or cracked, or else rolled. Finely-ground wheat is less palatable, 
apparently because it tends to form a sticky mass in the mouth, and 
cattle are apt to tire of it. Sometimes it is difficult to keep cattle on feed 
when wheat is fed as the only grain, and occasionally there is a tendency 
for them to bloat. 

In 13 recent experiments where ground wheat was directly com- 
pared with ground or shelled corn, the cattle fattened on wheat gained 
2.14 lbs. per head daily, in comparison with 2.20 lbs. for those fed com, 
and they usually required somewhat less feed per 100 lbs. gain.^® In 
these trials ground wheat would have produced gains at an equal cost, 
even if priced 12 per cent higher per ton than corn. In some of the 
tests the wheat-fed cattle were not quite so well finished as those fed 
corn, and consequently they sold for a slightly lower price. This would 
correspondingly reduce the relative value of wheat in comparison with 
corn. 

These trials show a surprisingly high value for wheat in comparison 
with com, especially when we consider that in the experiments with fat- 
tening lambs, summarized in Chapter XXXIII, wheat has been worth 
considerably less than corn and has been about equal to barley. The high 
value of wheat for fattening cattle is corroborated by the results of 6 
experiments in which ground wheat has been compared with ground 
barley as the only grain.^^ The wheat-fed cattle made fully as rapid 
gains as those fed barley and required less feed for 100 lbs. gain. Con- 
sidering the amounts of grain and roughage needed per 100 lbs. gain, 
ground wheat was worth about 18 per cent more than ground barley. 

In comparing the values of com and wheat for beef cattle it should 
be borne in mind that there is no need of grinding com if pigs follow 
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the cattle, while wheat is not utilized well unless ground. The cost of 
grinding must obviously be deducted to find the value of whole wheat 
per ton, before being ground, in comparison with shelled com. Some- 
times this will be partly offset by the fact that wheat is richer than corn 
in protein. Therefore no supplement may be required with wheat, while 
it may be needed with corn. 

Considering all the data available, it may be concluded that whole 
wheat (which is to be ground before feeding) is worth about as much 
per ton as a good grade of shelled corn for beef cattle. Frosted or 
shrunken wheat may be fully equal in feeding value to wheat of good 
milling grade. 

By feeding ground wheat mixed with shelled or ground corn, or 
with ground barley or oats, any difficulty in keeping fattening cattle on 
feed can be avoided. Several experiments have shown that on such mix- 
tures as one-half wheat by weight and one-half of these other grains the 
gains are generally fully equal to those on corn.^® Also, the cattle have 
good appetites throughout the fattening period, are not apt to bloat, and 
do not tend ta go off feed. Therefore when other grain is available, it 
is well to mix it with wheat, especially toward the end of the feeding 
period. 

1047. ByOb — ^When not appreciably contaminated with ergot, rye is a satis- 
factory feed for beef cattle. (661) Like wheat, it should be ground coarsely, cracked, 
or rolled. Since rye is often not so palatable as other grains, it is best to mix it 
with corn, oats, or barley. Doubtless some of the poor results secured with rye have 
been due to the presence of ergot in the grain. 

Steers fed only ground rye and alfalfa hay in 4 experiments gained 2.31 lbs. per 
head daily on the average and required 451 lbs. rye and 334 lbs. hay per 100 lbs, 
gain.29 Others fed shelled corn and alfalfa hay gained 2.44 lbs. a day and required 
520 lbs. corn and 241 lbs. hay per 100 lbs. gain. On the basis of the amount of feed 
for 100 lbs. gain, ground rye was fully equal to corn in these trials. 

1048. Grain sorghums. — In the sorghum belt the grain sorghums 
largely take the place of corn for feeding beef cattle. (666) Ground 
grain sorghum is well liked by fattening cattle, produces nearly as rapid 
gains as does corn, and is not far below corn in feeding value. 

The grain sorghums should commonly be fed to cattle either in the 
form of the ground heads or as the ground threshed grain, because the 
seeds are so small that they are poorly utilized unless ground. In 3 Texas 
experiments with fattening calves that were followed by pigs, grinding 
threshed milo increased its value 41 per cent, on the average, and grind- 
ing milo heads increased the value 62 per cent.®® Though these large 
savings were made through grinding, the calves fed the whole threshed 
milo or the whole milo heads made satisfactory gains. 

Few experiments have been conducted to determine the relative 
value of the various grain sorghums, or their value in comparison with 
com. However, judging from the available data, the grain sorghums 
probably do not differ much in feeding value. 

" Ground kafir has been directly compared with com in 9 experiments 
with fattening steers.®^ The cattle fed kafir gained 2.18 lbs. per head 
daily on the average, in comparison with 2.24 lbs. for those fed com. 
The kafir-fed steers required for each 100 lbs. gain 572 lbs. kafir, 51 lbs. 
supplement, 410 lbs. hay or other dry roughage, and 238 lbs. silage. 
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Those fed com required 534 lbs. corn, 51 lbs. supplement, 404 lbs. hay, 
and 217 lbs. silage. Considering the slightly greater amounts of feed 
required per 100 lbs. gain, ground kafir was worth about 92 per cent as 
much as corn in these trials. 

Ground milo was about equal to ground kafir for fattening calves 
in an Oklahoma test,^^ and cracked hegari was equal to rolled barley in 
2 Arizona trials.®^ Steers fed ground darso in 2 Oklahoma trials gained 
0.33 lb. less per head daily than those fed ground com and required 
considerably more feed per 100 lbs. gain.^^ 

Ground feterita heads were about equal to ground snapped corn, 
including husks, in a Texas experiment, while ground hegari heads were 
worth somewhat less, on the average, than ground snapped corn in 2 
other trials.^® 

1049. Sweet sorghum seed. — When ground, the seed from the sweet sorghums, 
or sorghos, is satisfactory for beef cattle, though it is somewhat less valuable than 
the grain sorghums. (666) In a Kansas trial beef calves fed ground sweet sorghum 
seed made nearly as rapid gains as others fed shelled corn, but they required con- 
siderably more feed per 100 lbs. gain.-^^e Considering this, the sorghum seed was worth 
only about 60 per cent as much as shelled corn. 

1060. Hominy feed. — Though hominy feed is not extensively used for beef 
cattle, it is entirely satisfactory for them. (619) It may be used as a substitute for 
corn, and in Kansas and Nebraska experiments with fattening cattle was about equal 
to shelled corn or ground corn in value per ton.37 

1051. Cane molasses. — Cane or blackstrap molasses is widely used 
for feeding beef cattle in the sugar-cane districts of the South, as it is 
often considerably lower in price per ton. than com or other grains. 
(641) It should be used to replace not more than about one-half the con- 
centrates ordinarily fed and is commonly diluted and poured over silage 
or over hay or other dry roughage. If the roughage is not of very good 
quality, this will frequently induce the cattle to consume more of it than 
they would otherwise. 

Molasses can be self-fed to fattening cattle by placing a barrel of 
it in a tight feed-bunk and opening the bung, so the molasses will fill 
the feed-bunk to the level of the bung. It will then gradually flow out 
as it is eaten by the cattle. 

The value of cane molasses when added to southern rations is shown 
by the results of 12 tests in each of which one lot of cattle was fat- 
tened on cottonseed meal as the only concentrate, with silage or Johnson 
grass hay for roughage, or else a combination of silage and hay.^® In 
each trial molasses was added to the ration of a second lot of cattle. The 
molasses-fed cattle, which were given 3.5 lbs. molasses per head daily, 
gained an average of 1.99 lbs., in comparison with 1.81 lbs. for the cattle 
receiving no molasses. 

In these experiments 100 lbs. of molasses replaced an average of 
20 lbs. cottonseed meal plus 88 lbs. hay and 79 lbs. silage, in addition to 
the increase in the rate of gain. From these data, the value of molasses 
with feeds at local prices can readily be estimated. The molasses was 
diluted and poured over the cottonseed meal or silage in these trials, 
and not over hay. Perhaps molasses would have had an even higher 
value if it had been used to induce the steers to eat more hay or coarse 
dry forage. 
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1062. Adding molasses to an excellent ration. — Cattle feeders in 
other sections of the country have been much interested in knowing 
definitely whether it would pay to add a small amount of molasses to 
an already excellent ration for fattening cattle, such as grain, legume 
hay, com silage, and protein supplement. The statement is often heard 
that the addition of molasses will appreciably increase the gains and the 
selling price of the cattle, and that molasses, thus fed, will be worth 
more per ton than corn. 

This question has been studied in 19 experiments, in each of which 
one lot of steers has been fed a well-balanced ration, usually consisting 
of com and legume hay, with or without silage, and in nearly all cases 
with a protein supplement.^® Another lot has received a small amount of 
cane molasses in addition, the average being 2.0 lbs. per head daily. 

Including molasses in the ration made only a trifling increase in the 
rate of gain (an increase of only 0.04 lb. per head daily). The molasses- 
fed cattle sold for a slightly lower price than the others, and they re- 
quired more concentrates for 100 lbs. gain. Considering all factors, 
molasses was actually worth only 53 per cent as much per ton as grain 
in these experiments. 

To find whether there was an advantage in adding a small amount 
of molasses to a good ration during only the latter part of the fattening 
period 2 Iowa tests were conducted with beef calves.^® In neither of the 
trials did the addition of molasses to the ration increase the gains or 
the selling price, and the molasses was worth considerably less per ton 
than com. 

The effect of using a larger amount of cane molasses to replace part 
of the grain in a good ration for fattening cattle has been tested in 
7 similar experiments.*^ The molasses-fed cattle, which received an 
average of 5.1 lbs. molasses in place of part of their corn, gained 0.08 lb. 
less per head daily on the average than those fed no molasses, and they 
sold at only 5 cents more per hundredweight. To make the same profit 
per head on the molasses-fed cattle as on the others, it would have 
been necessary to buy the molasses at only 56 per cent of the price of 
corn per ton, on the average. 

These numerous experiments show definitely that there is no advan- 
tage in adding molasses to a palatable ration for fattening cattle, unless 
the cost of molasses is very much less per ton than that of grain. Similar 
results have been secured in experiments where molasses has been thor- 
oughly mixed with the other concentrates or with the concentrates and 
chopped hay.** 

In considering the results of these trials in which molasses has had 
a relatively low value for fattening cattle when added to an already 
excellent ration, it must be borne in mind that the no-molasses rations 
were made up of feeds of high quality and that the feeding was done 
by experienced stockmen. Under less favorable conditions it seems prob- 
able that the value of cane molasses in comparison with grain would at 
leaift be proportional to the amount of digestible nutrients supplied. 
This is a^ut 70 per cent of the amount furnished by com grain. 

loss. Beet molasses. — ^In the beet-sugar districts of the West beet 
molasses is extensively used for fattening cattle. (6^) It is usually 
poured over hay or other roughage, either undiluted or thinned with 



Silage Is Fast Revolutionizing Beef Making 
Wherever corn or the sorghums thrive, silage from these crops has proved of 
great value in cheapening the cost of beef production. 



Meal Time in a Corn-belt Feed Lot 

The steers are being fattened on an efficient well-balanced ration, including corn 
grain, corn silage, and a protein-rich supplement. Where cattle are fed ear corn, 
shelled corn, or well-eared corn silage, pigs should follow them to utilize the waste 
grain. 
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water. Because of the laxative effect of beet molasses, not more than 
4 to 8 lbs. should be fed per head daily to cattle. 

When fed in limited amounts, beet molasses is worth about as much 
per ton as cane molasses for beef cattle.^^ In 3 Colorado experiments 
in which 2.3 to 5.0 lbs. of beet molasses were fed per head daily to 
fattening cattle, 100 lbs. of molasses saved 79 lbs. of barley plus 33 lbs. 
of hay.^* 

1054. Sugar beet pulp. — In the vicinity of the western beet-sugar factories 
many thousands of cattle are fattened annually on wet sugar-beet pulp. (643^ This 
is usually fed with alfalfa hay, which makes good the lack of protein and calcium in 
the pulp. Generally, a limited amount of grain or of beet molasses is also fed in 
addition. If the cattle are not supplied with a liberal amount of alfalfa hay, suffi- 
cient cottonseed cake or meal or some other protein supplement should be added to 
balance the ration. 

Because beet pulp and beet molasses are very low in phosphorus, care should be 
taken to supply this mineral when these beet by-products form a large part of the 
ration. The importance of this has been recently shown in 3 experiments by Maynard 
and Greaves of the Utah Station.^s Steers fed wet beet pulp, beet molasses, and all 
the alfalfa hay they would eat gained only 1.07 lbs. per head daily on the average. 
Adding 0.1 lb. daily of bone meal to this ration doubled the gains and reduced the 
feed cost per 100 lbs. gain by 44 per cent. The addition of either cottonseed cake or 
wheat mixed feed (which are rich both in protein and phosphorus) produced no more 
rapid gains than the bone meal, and the gains were more expensive. 

The value of wet beet pulp is well shown by 4 Colorado trials in each of which 
one lot of calves was fattened on a ration of ground barley, alfalfa hay, and 1.0 lb. 
of cottonseed cake per head daily.^s Another lot was fed beet pulp in addition, eating 
an average of 27 lbs. The beet-pulp ration produced slightly more rapid gains in each 
trial and on the average 1 ton of beet pulp replaced 148 lbs. of barley and 344 lbs. of 
hay. In addition, the pulp-fed calves sold for an average of 10 cents more per hun- 
dredweight, due to better finish. 

The relative value of siloed beet pulp and corn silage is shown by the results of 
7 experiments in which cattle have been fattened on concentrates, alfalfa hay, and 
either beet pulp or corn silage.^r The pulp-fed cattle gained 0.28 lb. more per head 
daily and each ton of wet pulp replaced 1,040 lbs. of silage plus 34 lbs. grain and 
other concentrates. From the values shown for wet beet pulp in these tests there 
must be deducted any losses in hauling pulp from the sugar factory and also any 
spoilage. 

Sometimes cattle are fattened on only wet beet pulp and alfalfa hay, but the 
gains are much slower than when a limited amount of concentrates is fed, and also 
the cattle do not reach as good a finish.^s Cattle should be accustomed to the pulp 
gradually, but later they may be allowed to eat all they will clean up, if there is a 
plentiful supply. 

1055. Dried beet pulp; dried molasses-beet pulp. — When cheaper per ton than 
grain, dried beet pulp and dried molasses-beet pulp are economical substitutes for 
not over one-half of the grain in a ration for fattening cattle. (644) When thus 
used, these beet by-products are about equal to ground barley in value per ton and 
produce good gains.^» Less satisfactory results are secured when they are fed as a 
substitute for all of the grain in a ration for fattening cattle. so 

1056. Molasses feeds; alfalfa-molasses meal. — Many different brands of com- 
mercial mixed feeds containing various proportions of cane or beet molasses are 
manufactured for beef cattle. (647) The better grades of these feeds are well liked 
by fattening cattle and are often used as part of the concentrate mixture in fitting 
cattle for show or sale. Most molasses feeds are not high in protein, and therefore 
should be used chiefly as substitutes for grain, rather than to replace protein supple- 
ments. 
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In several trials at corn-belt stations rations ineliuling various brands of com- 
mercial molasses feeds have been compared with such standard rations as the com- 
bination of corn grain, corn silage, legume hay, and a small amount of linseed meal 
or cottonseed meal.si In nearly all of these tests the gain was lower instead of 
higher on the molasses feed, and the profit was less than on the standard rations. 
These trials show that in the commercial fattening of cattle in the corn belt, corn 
grain must commonly be used as largely as possible in order to secure the greatest 
net returns. 

Alfalfa-molasses meal, composed of a mixture of alfalfa meal and molasses, is 
sometimes fed in the western states as a substitute for alfalfa hay or grain. Its 
value per ton is not greatly different from that of alfalfa hay.52 Since alfalfa- 
molasses meal is not rich in protein, it should not be used as a substitute for cotton- 
seed meal or linseed meal. 


II. Protein Supplements 

1067. Cottonseed meal or cake. — In the United States cottonseed 
meal or cake is used more extensively for beef cattle than any of the 
other protein supplements. (681-684) This is due to the good results 
secured witlf this high-protein supplement and also to the fact that in 
this country a much larger supply is available than of linseed meal or 
soybean oil meal. 

The popularity of these cottonseed by-products is also due to tlie 
fact that they are well liked by cattle, and that they are so rich in 
protein that only relatively small amounts are needed to balance rations 
low in this nutrient. In addition, cottonseed meal and cake are unusu- 
ally high in phosphorus. They therefore serve as phosphorus supple- 
ments, as well as protein supplements. 

In the southern states cottonseed meal is often cheaper per ton than 
com or other grain, and under these conditions is then frequently fed 
to fattening cattle as the only concentrate. On the other hand, in the 
North cottonseed meal generally costs considerably more per ton than 
grain. It is accordingly used distinctly as a protein supplement, only 
sufficient being fed to balance the ration in protein content. 

To avoid wastage, cottonseed cake is generally used instead of cot- 
tonseed meal for beef cattle under ranch conditions and for fattening 
cattle- in western feed lots where little or no shelter is provided. In 
feeding cottonseed cake as a winter supplement for range cattle, a com- 
mon practice is to distribute it on the ground, the larger sizes of cake 
being preferred. It makes little difference whether cake or meal is used 
when it is fed under shelter and in feed bunks. In these chapters the 
term ^‘cottonseed meaU^ is frequently used for both the meal and 
the cake. 

1068. Value of cottonseed meal as a supplement. — The experiments 
summarized in the preceding chapter show that when cottonseed meal 
is added to a ration deficient in protein, each 100 lbs. will usually equal 
in value 250 to 300 lbs. of corn or other grain, provided that no more 
cottonseed meal is fed than is needed to balance the ration. (992-996) 
Not only will less feed be required for each 100 lbs. gain on the properly 
balanced ration, but also the cattle will reach a better finish and con- 
sequently sell for a higher price. 

In several experiments cottonseed cake has been compared with al- 
falfa hay as a supplement for calves that were being wintered on non- 
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legume roughages. In these tests each 100 lbs. of cottonseed cake, fed 
at the rate of 1 lb. per calf daily, have equalled 300 to 400 lbs. of 
alfalfa hay in actual feeding value. (1118) Where cottonseed cake or 
meal has been compared with grain as a supplement to non-legume 
roughage for wintering cattle in similar experiments, it has required 
about 2 lbs. of grain to take the place of 1 lb. of cottonseed meal. 

While cottonseed meal or cake is satisfactory as the only protein 
supplement for fattening cattle, it is shown later in this chapter that 
even better results are secured if it is fed in combination with linseed 
meal. As is there shown, in most of the experiments where cottonseed 
meal has been fed as the only supplement to fattening cattle in direct 
comparison with linseed meal, the value of linseed meal per ton has been 
considerably higher. (1062) On the other hand, a mixture of one-half 
cottonseed meal and one-half linseed meal has produced as good results 
as when linseed meal has been fed as the sole supplement. 

Under certain conditions, however, cottonseed meal or cake is defi- 
nitely superior to linseed meal as the supplement for fattening cattle. 
This is because it tends to counteract the laxative effect of such feeds 
as wet beet pulp, beet molasses, or early-cut alfalfa hay. For example^ 
in Colorado tests cottonseed cake produced better results than linseed 
meal with cattle fed liberal amounts of wet beet pulp and also beet 
molasses.®^ Similar results were secured in an Idaho trial in which fat- 
tening calves were fed alfalfa hay as the only roughage with ground 
barley and oats.®^ 

In rations that tend to be too constipating, linseed meal will be 
preferable to cottonseed meal, as it helps to correct this condition. 

1059, Correcting deficiencies in cottonseed meal and hulls. — Be- 
cause cottonseed meal is often cheaper than grain in the cotton belt, it 
is frequently fed to fattening cattle as the only concentrate, along with 
such roughages as cottonseed hulls, corn or sorghum silage, or hay. Some 
years ago the most common ration for fattening cattle in the South was 
cottonseed meal and cottonseed hulls, without any hay or silage. When 
cottonseed meal was low in price, 10 lbs. or more per head daily were 
frequently fed to cattle a year old or more. 

On this restricted ration cattle usually make satisfactory gains for 
about 2 to 3 months. Later they generally become unthrifty and show 
marked symptoms of ‘‘cottonseed meal injury. The recent investiga- 
tions summarized in Chapter XVIII have shown definitely that the in- 
jurious effects of such a ration for cattle are due to the lack of vitamins, 
especially vitamin A, and of calcium. This trouble is therefore caused 
by deficiencies in the ration and not by a toxic effect of cottonseed 
meal for cattle. (583) 

When care is taken to provide an ample supply of vitamins and of 
calcium, cattle can ordinarily be fed large amounts of cottonseed meal 
with good results, and without any injury whatsoever. The best sources 
of vitamins, especially vitamin A, are well-cured hay, particularly leg- 
ume hay, and green pasture or forage crops. Good silage also aids in 
supplying vitamin A, but probably varies too much in this vitamin to 
be as reliable a vitamin supplement as green-colored hay. Unless a rea- 
sonable amount of legume hay is fed, a calcium supplement should also 
be added to the ration. 



670 


FEEDS AND FEEDING 


For breeding cattle or for fattening cattle that are to be fed for 
several months, it is of the utmost importance that vitamin-rich rough- 
age be fed with a ration of cottonseed meal and cottonseed hulls, or 
disaster may result. Even in the case of cattle that are to be fattening 
for only 100 days or less, better results will usually be secured if a 
limited amount of good hay or silage is supplied. 

1060. Feeding large amounts of cottonseed meal. — The relative 
prices of cottonseed meal and of grain will determine whether it will be 
more economical to use cottonseed meal as a substitute for grain in feed- 
ing fattening cattle, or to feed only enough meal to balance the ration. 
Several experiments have shown conclusively that the gains of cattle are 
not increased by feeding more cottonseed meal than is necessary to bal- 
ance the ration. Also, when cottonseed meal is thus used as a grain 
substitute it is definitely worth less per ton than grain. 

For example, in each of 8 experiments one lot of cattle was fed 
corn with just enough cottonseed meal to balance the ration, along with 
good hay or silage, or both hay and silage. This amount of cottonseed 
meal was 1.3* lbs. per head daily, on the average.*^® In each trial other 
cattle were fed similarly, except that they received 4.4 lbs. of cotton- 
seed meal per head daily, which was much more than was needed to 
supply sufficient protein. The amount of grain they received was re- 
duced so that they had the same total amount of concentrates as the 
first lot. 

There was no appreciable difference in the gains made on the two 
rations, the cattle fed the smaller amounts of cottonseed meal gaining 
0.03 lb. more per head daily, on the average. The cattle receiving the 
larger amounts of cottonseed meal as a grain substitute required some- 
what more feed per 100 lbs. gain, and did not sell at any higher price 
than those on the other ration. In these trials each 100 lbs. of cotton- 
seed meal fed as a corn substitute, beyond the amount needed to balance 
the ration, was only worth about as much as 87 lbs. of corn. 

Similar results were secured in 6 Arizona experiments in which 
cottonseed meal was used as a substitute for ground barley.®® In these 
trials 100 lbs. of cottonseed meal were equal in value to about 95 lbs. 
of barley. These experiments show that it does not pay to use cotton- 
seed meal as a grain substitute for fattening cattle, unless the price of 
the meal is decidedly below that of grain. 

In some experiments in which different amounts of cottonseed meal 
have been fed, the gain has been much more rapid on the larger allow- 
ances. However, in these trials the total amount of concentrates (grain 
plus cottonseed meal) has been greater. The increase in the rate of gain 
has thus been due to the larger amount of total concentrates, and not 
to any superiority of cottonseed meal over grain, when fed merely as a 
grain substitute. 

lOdl. Whole-pressed cottonseed; cottonseed feed. — Whole-pressed cottonseed, 
often called ^‘cold-pressed cottonseed cake," is well liked by cattle and may be used 
in the same manner as cottonseed meal. Since it contains the hulls, the value is 
correspondingly lower per ton than that of cottonseed meal. In 3 experiments where 
whole-pressed cottonseed has been compared with high-grade cottonseed meal, it has 
required 138 Ibcu.of the whole-pressed cottonseed to replace 100 lbs. of cottonseed 
meal' for fattening eattle.sr 



FEEDS FOR BEEF CATTLE 


671 


Cottonseed feed, a mixture of cottonseed meal and hulls^ was compared with 
cottonseed meal in a Pennsylvania trial as a protein supplement for fattening cattle.«» 
Due to the lower protein content of the cottonseed feed, considerably more was needed 
to balance the ration than of cottonseed meal. With cottonseed feed costing 19 per 
cent less per ton than cottonseed meal, the latter was much more economical. Rarely 
is it economical for northern farmers to buy cottonseed feed instead of cottonseed 
meal. 


1062. Linseed meal or cake. — Throughout the northern states lin- 
seed meal or cake is used extensively as a protein supplement for beef 
cattle. (691) In referring to these feeds, the term ‘‘linseed meaP' will 
commonly be used for both the meal and the cake form. Linseed meal 
is of particularly high value for fattening cattle, as it produces rapid 
gains and also tends to give excellent finish. Cattle fed linseed meal 
usually have a trifle sleeker coats than those fed other common protein 
supplements. ' On account of this more attractive appearance, they tend 
to sell for a slightly higher price on the large markets, though the actual 
value of their carcasses may be no greater. 

This ability of linseed meal to produce excellent finish and sleek 
coats is the reason why this supplement is commonly included in con- 
centrate mixtures for cattle that are being fitted for show or for sale. 
Linseed meal is also excellent as part of tlie concentrates for young stock 
or breeding cattle, on account of its conditioning effect, its mild laxative 
property, and its richness in phosphorus. 

Linseed meal or cake is appreciably lower in protein content than 
is cottonseed meal of the higher grades. Since cottonseed meal is a very 
satisfactory protein supplement for fattening cattle, we would naturally 
expect that the actual feeding value of cottonseed meal per ton would 
be fully as high or even higher than that of linseed meal. Many experi- 
ments have been conducted in which these two important protein sup- 
plements have been directly compared, when each has been fed as the 
only supplement. 

A careful analysis of the data from 36 such experiments shows that 
the results have been somewhat surprising.^® On the average, the cattle 
fed linseed meal as the only supplement gained 2.30 lbs. per head daily 
while those fed cottonseed meal averaged 2.21 lbs. This difference is 
only slight and not especially significant, for the cottonseed-meal-fed 
cattle gained fully as rapidly as those fed linseed meal in 10 of the 
trials. 

There was also a slight advantage in favor of the linseed-meal-fed 
cattle in the amount of feed required per 100 lbs. gain. Considering 
only this factor, cottonseed meal would have been worth about 90 per 
cent as much as linseed meal in these trials. 

However, in nearly all of the experiments the cattle that had been 
fed linseed meal sold for a slightly higher price, either because of better 
finish 0 ^ a sleeker appearance. On the average, there was a difference 
of 18 cents per hundredweight in selling price in favor of the linseed- 
Rieal-fed cattle. Though this difference may seem small, it is of impor- 
tance, because it applies to the entire weight of the cattle when they 
are marketed. 

Primarily because of this difference in average selling price, the 
average net return per head over cost of feed was ^stinctly higher for 
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the cattle fed linseed meal, even though the cost of the linseed meal was 
$1.86 per ton higher than that of the cottonseed meal. 

To ascertain the relative actual values of these supplements in the 
36 experiments, there has been computed for each experiment the price 
at which it would have been necessary to purchase the cottonseed meal, 
in order to make the same net return per head as with the cattle fed 
the linseed meal. These computations show that it would have been 
necessary to buy cottonseed meal at only 60 per cent of the price of 
linseed meal to make equal profit, on the average, in these many ex- 
periments. 

These experiments do not mean at all that cottonseed meal is not 
efficient when fed as the only supplement to fattening cattle. They show 
that good results are secured with cottonseed meal, but that the gains 
are usually a little more rapid and the selling price appreciably higher 
with linseed meal. When the cattle are sold on a discriminating market, 
w^here small differences in the appearance or the finish of the animals 
affect the selling price, the latter fact should be considered. 

As stated earlier in this chapter, cottonseed meal is superior to lin- 
seed meal as a supplement when the ration would otherwise have too 
laxative an effect. For example, cottonseed meal gives better results 
than linseed meal where steers are fed liberal amounts of wet beet pulp 
and beet molasses. 

1063. Combining cottonseed meal and linseed meal. — Some years 
ago, after the author and associates had compared cottonseed meal and 
linseed meal in experiments with fattening steers, it occurred to him 
that a mixture of one-half linseed meal and one-half cottonseed meal 
might be fully equal to linseed meal alone. Accordingly 3 experiments 
were carried on at the Wisconsin Station to study this matter, and the 
same comparison was made in 6 later trials at the Iowa and Kansas 
Stations.®^ 

In these 9 experiments the gains were fully as rapid, on the aver- 
age, on the combination of cottonseed meal and linseed meal as on 
linseed meal fed as the only supplement. Though the selling price aver- 
aged 13 cents higher on the latter ration, slightly less feed was required 
per 100 lbs. gain on the mixed supplement. Considering all factors, the 
average value per ton of the cottonseed-linseed meal mixture was 97 per 
cent that of linseed meal. 

These trials show that although under most conditions linseed meal 
is considerably superior to cottonseed meal as the only supplement for 
fattening cattle, a mixture of these two supplements is practically equal 
to linseed meal in value per ton. It is pointed out later that similar 
excellent results were secured when gluten meal was combined with lin- 
seed meal, although gluten meal was inferior to linseed meal when fed 
as the only supplement. 

1064. Soybeans. — ^Where soybeans thrive, the beef prodtcer can 
provide in the seed of this legume an excellent protein supplement for 
his cattle. (694) Even in the South, soybeans far excel cowpeas for this 
purpose.®^ Soybeans may be used satisfactorily to balance rations for 
fattening cattle and are also excellent for breeding cattle and young 
stock. 

Probably because of the high oil content, fattening cattle sometimes 
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tire of soybeans when fed as the only supplement for more than about 
100 days. This is especially apt to be the case when more than 1.5 to 
2.0 lbs. are fed per head daily. Large allowances are also apt to be 
too laxative and to cause scouring. Only a sufficient amount of soybeans 
should therefore be used to balance the ration in protein content, and 
if there is a tendency for the cattle to go off-feed, it is best to reduce 
the amount of soybeans and mix them with cottonseed meal, linseed meal, 
or some other protein supplement. 

There is no need of grinding soybeans for beef cattle which are fol- 
lowed by pigs. In fact, in Illinois tests whole soybeans gave better 
results than ground soybeans.®^ Cooking soybeans does not apparently 
increase their value for beef cattle, as it does for swine, for roasted soy- 
beans were not superior to uncooked soybeans in Indiana trials.^® Other 
Indiana experiments show that there is no benefit from adding a mineral 
mixture supplying calcium and phosphorus, when soybeans are used as 
the supplement for fattening cattle, provided the cattle are fed a rea- 
sonable amount of legume hay.®^ 

Soybeans have been directly compared with cottonseed meal in sev- 
eral experiments, when used as the protein supplement for fattening 
cattle fed corn, with hay or silage or with both these roughages. The 
results of 13 such comparisons are summarized in the following table 

Soybeans vs. cottonseed meal as the protein supplement 

Cottonseed 
Soybean meal 


ration ration 

Average initial weight, lbs 646.1 643.6 

Average daily gain, lbs 2.21 222 

Average ration 

Corn, lbs 10.4 10.6 

Supplement, lbs 1.9 1.9 

Clover or alfalfa hay, lbs 2.8 3.0 

Cora silage, lbs 17.0 17.9 

Peed for 100 lbs. gain 

Corn, lbs 466 477 

Supplement, lbs 84 . 85 

Clover or alfalfa hay, lbs 127 134 

Corn silage, lbs 752 798 

Selling price per cwt., dollars 10.07 10.13 

Return per head over feed cost, dollars 16.81 14.96 


The table shows that the rates of gain on the two rations were 
almost identical. The soybean-fed cattle required a little less feed per 
100 lbs. gain, but their average selling price was 6 cents lower. The net 
return over cost of feed, including credit for the pork produced by the 
pigs following the steers, was $1.85 higher for the soybean-fed cattle, 
chiefly because the average price of soybeans per ton was considerably 
lower than that of cottonseed meal. Considering all factors, soybeans 
were about equal in feeding value per ton to cottonseed meal in these 
experiments, except that there was sometimes a tendency for the steers 
to go off feed on the soybean ration. 

Soybeans have been compared with linseed meal in 7 similar experi- 
ments with fattening cattle.®® In these trials the soybean-fed steers 
gained 0.14 lb. less per head daily, on the average, and sold for 22 cents 
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less per' 100 lbs., than those fed linseed meal. Therefore, although no 
more feed was required per 100 lbs. gain on the soybean ration, the 
actual value of the soybeans per ton was considerably less than that of 
linseed meal. 

1066. Soybean oil meal. — With the great increase in the produc- 
tion of soybean oil meal in this country during the past few years, this 
protein-rich feed has become of increasing importance as a supplement 
for beef cattle. (695) Because soybean oil meal is not high in fat, like 
soybeans, fattening cattle do not usually show the tendency to tire of 
the feed during a long fattening period, as is sometimes the case with 
soybeans. Also, there is much less tendency to an undue laxative effect 
with soybean oil meal. While soybean oil meal that has been thoroughly 
cooked in the manufacturing process is more palatable and decidedly 
superior to raw-tasting oil meal for swine and poultry, Illinois tests 
in&cate that this is not the case with cattle.®^ 

In '3 experiments with fattening calves in which soybean oil meal has 
been directly compared with soybeans as a protein supplement, the aver- 
age daily gajn on the soybean oil meal has been 0.27 lb. greater.®^ 
Also, the selling price of the calves fed soybean oil meal has been higher 
in each trial, the average difference being 42 cents per hundredweight. 
As a result, the soybean oil meal was worth considerably more per ton 
than soybeans in these tests. On the other hand, in 4 experiments with 
2-year-old cattle, the gains have been practically as rapid and the selling 
price of the cattle fully as high on soybeans as with soybean oil meal 
as the supplement.®®' For these older cattle soybeans were worth as much 
per ton as soybean oil meal. 

Soybean oil meal has been compared with cottonseed meal as a sup- 
plement for fattening cattle in 7 Illinois and Indiana tests.^® The cattle 
fed cottonseed meal gained a trifle more rapidly (the average difference 
being only 0.17 lb.) and also sold for 8 cents more per hundredweight 
in 5 of the experiments in which the selling price was reported. Ou the 
other hand, the cattle fed soybean oil meal required 19 lbs. less concen- 
trates, 9 lbs. less hay, and 23 lbs. less silage per 100 lbs. gain. On the 
whole, the soybean oil meal was just about equal to cottonseed meal in 
value per ton. 

Soybean oil meal has also been equal to cottonseed meal in 3 South 
Carolina comparisons in which these two feeds have been compared as 
the only concentrate for fattening cattle, when fed with corn silage or 
cottonseed hulls.^^ In an Illinois test soybean oil meal was slightly 
superior to cottonseed meal when fed as a protein supplement for steers 
fed com on bluegrass pasture.^* 

Soybean oil meal does not seem to produce quite so good a finish 
on fattening cattle as does linseed meal. For example, in 3 Iowa com- 
parisons cattle fed soybean oil meal gained nearly as rapidly as others 
fed linseed meal, but their average selling price was 22 cents less per 
100 Ibs.^® Due to this, the actual value of the soybean oil meal per ton 
whs considerably less than that of linseed meal, even though slightly 
less feed was required per 100 lbs. gain when soybean oil meal was used 
as the supplement. 

1066. Wheat bran. — ^For beef cattle the use of wheat bran is lim- 
ited chiefly to the breeding herd and young calves. (642) It is excellent 
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as part of the concentrate mixture for such stock, for it is palatable, 
bulky, fairly rich in protein, and especially high in phosphorus. 

Bran is also sometimes mixed with the grain when fattening cattle 
are being started on feed. After the cattle are on full feed, the bran 
is generally replaced by more concentrated protein supplements, such as 
linseed meal, cottonseed meal, or soybean oil meal. This is because a 
much larger amount of bran than of these high-protein feeds must be 
fed to balance a ration. Since bran is bulky and relatively low in total 
digestible nutrients, the considerable amount needed in the ration will 
lessen the gains and result in a poorer finish. 

In Pennsylvania experiments conducted some years ago, a ration of 
wheat bran, corn, mixed hay and com stover, which was frequently fed 
by farmers at that time, was decidedly inferior to a ration of cottonseed 
meal, corn, mixed hay, and com silage.^^ This was due not only to the 
superiority of cottonseed meal as the supplement in a fattening ration, 
but also because silage is a much better feed than corn stover. 

Similarly, in 4 Nebraska trials wheat bran produced somewhat 
smaller and more expensive gains than linseed meal or cottonseed meal, 
when used as a supplement to corn and prairie hay.^® 

1067. Com gluten meal. — Corn gluten meal is used much more commonly for 
dairy cattle than for beef animals. (624) For fattening cattle it gives fairly satis- 
factory results when fed as the only supplement, if the ration contains a reasonable 
amount of legume hay. Gluten meal should not be used as the only supplement when 
little or no legume hay is fed, as the quality of the protein in the ration may then 
be inferior. (148) 

Even when some legume hay is fed, the best results are secured from gluten 
meal when it is combined with linseed meal or certain other supplements. This is 
shown by the results of 3 Kansas experiments in which fattening calves were fed 
various supplements and mixtures of supplements, in addition to shelled c6rn, corn 
silage, and alfalfa hay. 76 Although the gains on gluten meal were fairly satisfactory, 
the calves sold for 47 cents less per 100 lbs. than others fed linseed meal. Therefore 
the value per ton of the gluten meal was much lower than that of linseed meal, 
when each was fed as the only supplement. The results from gluten meal and 
cottonseed meal were about equal, except that gluten meal was less palatable. 

A mixture of one-half gluten meal and one-half linseed meal, or a mixture of 
one-third of each of these supplements and one-third cottonseed meal, produced fully 
as rapid gains as linseed meal. Also the selling prices of the calves fed these 
combinations were practically as high as in the case of those fed linseed meal as 
the only supplement. On the other hand, a mixture of gluten meal and cottonseed 
meal was not much better than either gluten meal or cottonseed meal fed as the 
only supplement. 

Though no experiments have apparently been conducted to test such mixtures, 
it would seem that a combination of gluten -meal and either soybeans or soybean oil 
meal should produce excellent results, for soybean seed should well supplement the 
deficiencies of the proteins of gluten meal. 

1068^ Com gluten feed. — Though most commonly fed to dairy cows, corn 
gluten feed is a fairly satisfactory protein supplement for fattening cattle, when 
the ration includes some legume hay. There is, however, but little information con- 
cerning its exact value in comparison with the protein supplements more generally 
used for beef cattle. 

When used as the only supplement for fattening cattle in a trial at the Iowa Sta- 
tion and one at the Minnesota Station, gluten feed was worth much less per ton than 
linseed meal.77 Judging from the Kansas experiments with gluten meal reviewed 
ill the preceding paragraphs, a combination of gluten feed and linseed meal or a 
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mixture of gluten feed, cottonseed meal, and linseed meal should be much better 
than gluten feed as the only supplement. 

1069. Meat scraps ; tankage. — ^Recent experiments have shown that 
meat scraps (dry-rendered tankage) and digester tankage are satisfac- 
tory protein supplements for beef cattle.^® Because of the high protein 
content of the best grades of meat scraps and tankage, less of these feeds 
is needed to balance a ration than in the case of such supplements as 
linseed meal, cottonseed meal, or soybean meal. The relative value of 
meat scraps or tankage in comparison with these supplements of plant 
origin will depend on the amounts of digestible protein and of total 
digestible nutrients contained in the feeds, and may be estimated by 
the method explained in Chapter X. (281-283) For beef cattle fed the 
usual kinds of rations, 1.0 lb. of digestible protein in tankage or meat 
scraps probably has about the same value as 1.0 lb. of digestible protein 
in good supplements of plant origin. The condition is thus different 
than in the case of swine and poultry, where 1.0 lb. of digestible protein 
in these jneat by-products has a decidedly higher value than protein 
from plant scturces. (143, 156) 

Sometimes cattle may not like meat scraps or tankage at first, but 
after a few days they will generally eat the small amount that is needed 
to balance a ration. It is best to accustom cattle to these feeds grad- 
ually by mixing a small proportion at the start with better-liked feeds, 
such as linseed meal, cottonseed meal, or ground grain. 

As is shown in the following paragraphs, especially good results 
have been secured where fattening cattle have been fed mixed protein 
supplements that contained meat scraps or digester tankage. 

1070. Combinations of protein supplements. — It has been found in 
recent experiments with fattening cattle that certain combinations of 
protein supplements produce better results than most single supplements. 
While cottonseed meal and com gluten meal have generally been of much 
lower value than linseed meal when one of these feeds has been used 
as the only supplement, combinations of these feeds with linseed meal 
have proved fully equal to linseed meal. (1063, 1067) It has been 
shown previously that any one of the following combinations is equal 
to linseed meal as the protein supplement for fattening cattle. This is 
probably also true for other classes of beef cattle. (1) One-half cotton- 
seed meal and one-half linseed meal; (2) one-half corn gluten meal and 
one-half linseed meal; (3) one-third each of cottonseed meal, corn gluten 
meal, and linseed meal. 

Excellent results were also secured in experiments at the Ohio 
Station with a mixture of one-third each of ground soybeans, cottonseed 
meal, and linseed meal, and in experiments at the Iowa Station with a 
combination of one-fourth each of ground soybeans, cottonseed meal, 
com gluten meal, and linseed meal.''® Undoubtedly soybean oil meal 
can be substituted for ground soybeans in these mixtures with equally 
good results. 

The all-purpose protein supplement developed by the Ohio Station 
has been mentioned previously. (629) This combination has proved ex- 
cellent for fattening cattle, being slightly superior to the mixture of 
one-half cottonseed meal and one-half linseed meal. It has likewise been 
very satisfactory as a protein supplement for dairy cattle, sheep, swine. 
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and poultry. This supplement is a combination of 30 lbs. meat scraps, 
30 lbs. soybean oil meal, 20 lbs. cottonseed meal, 15 lbs. linseed meal, 
and 5 lbs. minerals (equal parts by weight of steamed bone meal, ground 
limestone, and salt). Modifications can be made in this formula to 
adapt it to local feed prices. 

A combination of one-third each of meat scraps, cottonseed, meal, 
and linseed meal was also slightly superior to the mixture of one-half 
cottonseed meal and one-half linseed meal in Ohio tests with fattening 
cattle.®® In Iowa trials excellent results were likewise secured with a 
combination of 50 lbs. cottonseed meal, 10 lbs. linseed meal, 10 lbs. corn 
gluten meal, 5 lbs. white fish meal, 10 lbs. soybean oil meal, 5 lbs. peanut 
oil meal, 5 lbs. coconut oil meal, and 5 lbs. cane molasses.®^ 

It is evident from the foregoing that there are several supplemental 
mixtures of proven high value which will produce fully as good results 
as will linseed meal when it is used as the only supplement. Some of 
these supplemental mixtures are apparently a trifle superior to any sin- 
gle supplement for fattening cattle. 

III. Legume Hay and Other Dry Roughages 

1071. Value of legume hay. — The great importance of well-cured 
legume hay in making good the deficiencies of the cereal grains has 
already been emphasized in this chapter. (1034) On account of the 
richness in protein, calcium, and vitamins A and D, legume hay of good 
quality is the most valuable of all roughages for beef cattle. It is espe- 
cially useful in keeping breeding stock in thrifty, vigorous condition. 

Even in the case of fattening cattle, much better results are usually 
secured when the ration includes at least some legume hay than when 
the only roughage is grass hay or other non-legume dry forage. This 
is true even when sufficient protein supplement is fed to make good the 
lack of protein in the latter ration. The results with legume hay can 
generally be equalled only when excellent silage, such as that from com 
or sorghum, is fed as the chief roughage, and there is supplied in addi- 
tion not only a sufficient amount of a good protein supplement, but 
also about 0.1 lb. per head daily of ground limestone or some other 
calcium supplement. 

The usual results that are secured when such dry forages as timothy 
hay, prairie hay, or corn fodder are fed as the only roughage to fat- 
tening cattle are well shown by the data from 4 experiments.®^ In each 
trial one lot of 2-year-old steers was fed a ration of legume hay and 
corn grain, and another lot a ration of non-legume hay or fodder, com 
grain, and sufficient cottonseed meal or linseed meal to balance the ration. 

The steers fed the non-legume roughage gained 2.0 lbs. per head 
daily and required 719 lbs. corn, 197 lbs. supplement, and 387 lbs. hay 
or fodder per 100 lbs. gain. Many would consider these results satis- 
factory. However, the steers fed the legume hay gained 0.3 lb. more 
per head daily, reached a decidedly better finish, and made much cheaper 
gains. It should be noted especially that a considerable amount of ex- 
pensive protein supplement was needed to balance the non-legume ration 
while none was fed to the steers receiving legume hay. Because of this 
and also the higher selling price of the legume-fed steers, the non-legume 
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roughage had an exceedingly low value in comparison with the clover 
and alfalfa hay. 

From recent investigations that are summarized elsewhere, it seems 
evident that these non-legume rations would have been materially im- 
proved by the addition of a calcium supplement. (999) However, even 
then the value of the legume hay would undoubtedly have still been 
much higher than that of the non-legume roughage, merely because no 
expensive protein supplement was needed with the former to make good 
a l^ck of protein. 

Whether it will pay to chop or grind legume hay or other dry 
roughage for beef cattle has already been discussed in the previous 
chapter. (1025) 

1072. Feeding non-legume roughage with legume hay. — Even on 
farms where considerable legume hay is raised, much non-legume dry 
roughage, such as com and sorghum stover, straw, and hay from the 
grasses, is normally produced in addition. In economical beef produc- 
tion these roughages should be wisely and fully utilized. While they do 
not equal legume hay in nutrients or palatability, excellent results are 
secured when cattle are fed such roughage along with a limited amount 
of good le^me hay.®* 

Sometimes the addition of non-legume roughage to legume hay may 
be a distinct advantage. For example, alfalfa or soybean hay may occa- 
sionally be unduly laxative when fed as the only roughage. Also, cattle 
fattened on only alfalfa hay and ground wheat or barley sometimes 
show a tendency to bloat. Supplying some non-legume roughage will 
tend to correct these conditions. 

1073. Legiune hay with cottonseed meal. — Since legume hay is rich 
in protein, it should not be fed as the chief roughage with cottonseed 
meal, which is itself so rich in this nutrient. In Texas trials very poor 
results were secured when peanut or alfalfa hay was fed to steers with 
5 lbs. of cottonseed meal per head daily.®* When shelled corn was sub- 
stituted for a part of the cottonseed meal or when prairie hay was fed 
in place of the legume hay, the gains became normal. 

Where cottonseed meal is the chief concentrate, legume hay should 
be fed in limited amount, along with such carbohydrate-rich roughages 
as forage from com or the sorghums, or cottonseed hulls. 

• 1074. Alfalfa hay. — ^Alfalfa hay may well be taken as the standard 
with which other roughages for beef cattle are compared, for it has no 
superior. (373) Not only is it an excellent roughage for fattening 
cattle, but also its value for the breeding herd is perhaps even more 
outstanding. When even a reasonable part of the roughage consists of 
well-cured alfalfa hay, one can rest assured that there will be no defi- 
ciency in the quality of protein in the ration, or in calcium or vitamins. 

It has been shown in the previous chapter that when fattening cattle 
are fed a liberal amount of alfalfa hay as the only roughage with com 
or nther grain, it generally does not pay to add a protein-rich concen- 
trate*, such as cottonseed or linseed meal. (993) This is because alfalfa 
hay is sufficiently rich in protein to balance the ration in protein content. 

However, when the cattle are fed silage in addition to alfalfa hay, 
this succulent feed is so palatable that they will not eat enough alfalfa 
to balance the ration completely. To secure the best results it is then 
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necessary to add a small amount of a protein supplement. If this is 
not done, the gains are slower and the cattle usually sell at a materially 
lower price, on account of poorer finish. This will generally result in 
decidedly lower net returns. 

For information on the relative value of alfalfa hay cut at different 
stages of maturity and of hay from the first, second, or third cutting, 
the reader is referred to Chapter XIII. (370, 372) 

1076. Fattening cattle on alfalfa hay and other roughage. — In some sections 
of the West, when cattle are not marketed directly from the range, they are fattened 
on alfalfa hay alone or on alfalfa and other roughages. Sometimes they are fed 
such roughage alone during most of the feeding period, and then a limited amount 
of grain or other concentrates is added for the last month or so to produce better 
finish. 

Whether it will be more profitable to fatten cattle on alfalfa hay or other 
roughage alone, instead of adding grain and fattening them more thoroughly, will 
depend entirely on local conditions. In spite of the fact that cattle cannot be made 
really fat on roughage alone, this method is often most profitable when alfalfa hay 
is very cheap in comparison with grain, and when the local market does not pay 
much of a premium for well-fattened cattle. 

In 16 tests cattle fattened on alfalfa hay alone for periods averaging 110 days 
were fed 32 lbs. of hay per head daily (including the wastage) and gained only 
1.20 lbs. daily.86 Por each 100 lbs. of gain there were required 2,985 lbs. of hay. 

When cattle are fattened on alfalfa hay alone, poor-quality hay should not be 
chopped or ground in the attempt to reduce the wastage. This will force the cattle 
to eat the stems . or weeds that they could otherwise discard, and is therefore apt to 
reduce the gains and be a disadvantage, instead of a benefit.®® The refuse hay can 
often be used advantageously for breeding cows or idle horses that are being 
wintered. Idaho and Oregon tests show that chopping good-quality alfalfa hay 
increases its value about 18 per cent for cattle that are being fattened on hay alone.s^ 

Adding grain or other concentrates to a ration of alfalfa hay increases the rate 
of gain and results in better finish, but it often makes the gain much more expen- 
sive, owing to the low price of hay and the high price of grain in these sections. 
In 8 of the experiments in which cattle were fattened on alfalfa hay alone, another 
lot was fed a limited amount of grain in addition. Feeding the grain increased the 
gains of the steers 0.45 lb. per head daily and each 100 lbs. of grain saved 308 lbs, 
of hay, without considering the much better finish of the grain-fed cattle. 

Adding com silage or other good silage to alfalfa hay increases the rate of 
gain fully as much as using a limited amount of grain, and often the gains are 
decidedly cheaper than with grain. In 9 trials cattle fed silage and alfalfa hay 
gained 1.64 lbs, per head daily, while others fed nothing but alfalfa hay gained 
only 1.12 Ibs.s® Each 100 lbs. of silage actually saved an average of 115 lbs. of 
alfalfa hay in these tests, and in addition the silage-fed cattle were much better 
finished. 

1076. Red clover hay. — Red clover hay of good quality is an ex- 
cellent roughage for beef cattle, being worth about as much per ton for 
fattening cattle as alfalfa hay of equal quality. (382) The effective 
manner in which clover hay makes good the deficiencies of the grains is 
shown in 2 experiments at the Indiana and Missouri Stations.®® In each 
trial one lot of 2-year-old steers was fed clover hay and shelled com, 
while another lot was fed timothy hay and shelled com, without any 
protein supplement. » 

The steers fed clover hay and com ate 9.8 lbs. clover hay and 21.5 
lbs. shelled com per head daily, gained 2.4 lbs. daily, and required 
919 lbs. com and 416 lbs. hay for each 100 lbs. gain. Those fed the 
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unbalanced ration of timothy hay and com gained only 1.8 lbs. a day 
and required 18 per cent more com per 100 lbs. gain. The steers fed 
clover hay had much better appetites throughout the experiments, were 
much easier to keep on feed, and were decidedly better finished at the 
end of the experiments. With younger cattle the differences between 
these rations would have been even greater. 

Since red clover hay contains somewhat less protein than alfalfa 
hay, a slightly larger amount of protein supplement may be needed to 
balance the ration with clover than with alfalfa. It might naturally be 
supposed that this would give alfalfa hay a higher value per ton. How- 
ever,' in 4 Wisconsin experiments it was found that clover hay was 
equal to alfalfa hay for fattening cattle, even when just enough pro- 
tein supplement was fed with each kind of hay to balance the ration 
properly.®® 

In each of these tests one group of steers was fed clover hay, com 
silage, com grain, and sufficient cottonseed meal to provide enough pro- 
tein. Another group was fed the same weights of alfalfa hay and corn 
silage and the .same total amount of concentrates (com plus cottonseed 
meal). However, this group was fed less cottonseed meal and a cor- 
respondingly larger amount of com, so that each ration would provide 
the same amounts of protein. 

In 5 earlier experiments in which equal amounts of protein supple- 
ments were fed in clover-hay and alfalfa-hay rations, clover hay was 
likewise equal to alfalfa hay for fattening cattle.®^ It must therefore 
be concluded that these two different kinds of excellent legume hay have 
about the same value per ton for beef cattle. 

1077. Soybean hay. — Soybean hay differs rather widely in value, 
depending on how well it has been cured, on the leafiness, and on the 
coarseness of the stems. (398) For this reason there has been a con- 
siderable range in the results of the experiments in which soybean hay 
has been directly compared with alfalfa hay or clover hay for beef cattle. 

The portion of soybean hay that is actually consumed is probably 
equal in value per pound to alfalfa or clover hay, but often cattle will 
leave 10 per cent or more of the soybean hay. Sometimes soybean hay 
which contains a considerable proportion of beans is unduly laxative 
for fattening cattle, if they are fed too large amounts. Therefore the 
allowtoce had best be restricted to what they will clean up reasonably 
well. In a Kentucky trial soybean hay cut when the seeds were three- 
fourths matured was slightly more palatable to steers than hay cut when 
just past the bloom stage.®® 

Good-quality soybean hay has been compared with red clover hay for 
fattening cattle in 4 experiments in which the hay was fed with corn 
silage, shelled com, and a protein supplement.®® The gains were as 
rapid on the soybean hay, and on the average it was fully equal to 
clover hay in value per ton. In trials in which soybean hay has been 
fed^as the only roughage, it has been nearly equal to alfalfa in some 
cases but much inferior in others, the results probably depending on 
the relative quality of the two kinds of hay used in the various experi- 
ments.®* 

1078. Cowpea hay. — In the southern states cowpea hay is a val- 
uable roughage for beef cattle. (401) Good-quality cowpea hay has 
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been about equal to alfalfa hay or clover hay for fattening steers in 
Georgia and Missouri tests.®® 

The value of cowpea hay as a source of protein to balance rations 
is' well shown by 3 New Mexico experiments.®® Steers fattened on a 
ration of cowpea hay, ground milo grain, and sweet sorghum silage 
gained as rapidly as others fed cottonseed meal in place of the cowpe^ 
hay and sold for just as high an average price. On the average the 
home-grown cowpea hay was worth 59 per cent as much per ton as cot- 
tonseed meal in balancing the ration. 

1079. Sweet clover hay. — Sweet clover hay cut in the fall of the 
same year that it is sown is eaten by cattle with little or no waste, and 
it is about equal to alfalfa or red clover hay.®^ (391) Second-year sweet 
clover hay is apt to be coarse and stemmy, and therefore is usually 
lower in feeding value, as shown by Minnesota trials.®® 

To reduce the wastage of stemmy sweet clover hay it may be advis- 
able to run it through a silage cutter or hay chopper. When rather- 
coarse sweet clover hay was chopped, it was worth much more than 
uncut prairie hay for fattening calves in a Minnesota test, and was 
nearly equal to alfalfa hay in a South Dakota trial.®® 

To avoid trouble from the “sweet clover disease^’ in feeding sweet 
clover hay to cattle, the precautions mentioned in Chapter XIII should 
always be taken. (392) 

1080. Other legume hay. — Several other kinds of legume hay that 
are discussed in Chapter XIII are also excellent for beef cattle. These 
include lespedeza, alsike clover, field pea, peas-and-oats, and peanut hay. 

1081. Making efficient use of non-legume roughage. — When no leg- 
ume hay is fed to beef cattle, it is exceedingly important to see that 
any deficiencies in the ration are corrected, so that efficient results can 
be secured. The deficiencies that must be guarded against are a lack of 
protein, insufficient calcium, and deficiencies of vitamins A and D. 

The lack of protein in rations which do not include legume forage 
can readily be corrected by furnishing sufficient of some good protein 
supplement to meet the recommendations of the feeding standards. An 
adequate amount of phosphorus will ordinarily be provided by the pro- 
tein supplement. On the other hand, there will often be a lack of 
calcium in such rations for fattening cattle. Therefore when little or no 
legume forage is fed, it is wise to add to the ration about 0.1 lb. per 
head daily of ground limestone, ground oyster shell, or other calcium 
supplement. 

As has been shown in the previous chapter, there may be no need 
of this addition if the non-legume hay, fodder, or silage has been grown 
on soil rich in calcium. (999) However, since calcium supplements are 
cheap, it is wise to supply one when fattening cattle are fed no legume 
roughage, unless one is certain there is no deficiency of this mineral. 

There will ordinarily be no lack of vitamins when the only roughage 
fed beef cattle is well-cured hay from the grasses, good silage, or 
properly-cured dry fodder or stover from com or the sorghums. On 
the other hand, it is not wise to use vitamin-poor roughage like poor 
hay, straw, or cottonseed hulls as the only roughage for long periods, 
or the cattle may suffer from a deficiency of vitamins, especially of 
vitamin A. (186) 
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1082. Hay from the grasses. — While hay of the usual quality from 
the grasses is much less valuable than legume hay for beef cattle, such 
hay will produce satisfactory results if it is properly supplemented. 
Grass hay can be used best when fed with a limited amount of legume 
hay or else with silage. Also, it more nearly equals legume hay in value 
for wintering beef cows than for fattening cattle. Proper fertilization 
and early cutting of grass hay undoubtedly increase its value for beef 
cattle in the same manner that has been shown in experiments with dairy 
cows. (302-303, 880-881) 

That fattening cattle will make satisfactory gains when fed good- 
quality grass hay as the only roughage, if it is properly supplemented, 
is shown by 3 Oklahoma experiments.^®® In each of these tests one lot 
of calves was fed shelled com and alfalfa hay plus an average of 1.0 lb. 
cottonseed meal per head daily. Another lot was fed prairie hay in 
place of the alfalfa hay, and the amount of cottonseed meal was increased 
to 2.3 lbs. to provide the same amount of protein in each ration. A 
small amount of ground limestone was fed to both lots, but was un- 
doubtedly not peeded by the alfalfa-fed calves. 

On both rations the average daily gain was 1.9 lbs., but the calves 
fed prairie hay required 27 lbs. more total concentrates (corn plus cot- 
tonseed meal) per 100 lbs. gain. Still more important was the fact 
that they needed for each 100 lbs. gain more than twice as much cotton- 
seed meal as the calves fed alfalfa, and the cost of cottonseed meal per 
ton was considerably higher than that of corn. Due to these facts, to 
produce gains at an equal cost, prairie hay was actually worth only 
39 per cent as much per ton as alfalfa hay in these trials, even though 
it was well supplemented with cottonseed meal and ground limestone. 

When grass hay is fed to fattening cattle in combination with good 
silage and with proper protein and calcium supplements, the gains may 
be just as economical as with legume hay. This is shown by 3 Kansas 
experiments in which calves were fed either prairie or alfalfa hay with 
sorghum silage, shelled com, and cottonseed meal.^®^ To furnish suffi- 
cient calcium 0.1 lb. of ground limestone or other calcium supplement 
per head daily was added to the prairie hay ration. 

When prairie hay and sorghum silage were fed as the roughages, 
without a calcium supplement, the gains were distinctly less than on 
alfalfa hay and sorghum silage. The selling price was also lower and 
the profit $6.90 less per head than on the alfalfa ration. On the other 
hand, when a calcium supplement was added to the prairie-hay ration, 
the gains were fully as rapid as with alfalfa hay, the selling price nearly 
as high, and the profit even greater, with prairie hay at $10 a ton and 
alfalfa at $15 per ton. 

1083. Timothy hay; mixed hay; other grass' hay. — Timothy hay 
of the ordinary quality has usually been much inferior to alfalfa or 
other legume hay in the experiments that have been conducted to study 
this question. (449) For example, in 2 Missouri trials with calves that 
were being wintered, it required considerably more concentrates to pro- 
duce a certain amount of gain with timothy hay as the roughage than 
with alfalfa hay.^®* Also, a protein supplement was needed with the 
timothy hay, but not with alfalfa. In tjiese experiments a mineral mix- 
ture supplying calcium and phosphorus was fed to both lots of calves. 
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In an Iowa experiment 2-year-old steers fed timothy hay, shelled 
com, and cottonseed meal gained 0.5 lb. less per head daily than others 
fed clover hay, and the net return per head over cost of feed was $9.26 
less on the timothy ration.^®® Mixed clover-and-timothy hay, containing 
one-third to one-half clover was midway between timothy and clover in 
value. 

That timothy hay grown on well- fertilized fields and cut early may 
be much better than ordinary timothy hay is indicated by Minnesota 
tests.^®^ When fed hay alone, steers gained 1.2 lbs. a day on timothy 
hay from well-fertilized peat soil, but only 0.8 lb. on ordinary timothy. 
When fed with shelled com and linseed meal, the timothy hay from the 
well-fertilized land produced as good gains as did alfalfa hay. 

Western native hay was decidedly inferior to alfalfa hay as the 
only feed for wintering beef calves in a Wyoming trial, but it was equal 
to alfalfa in a similar experiment with yearling steers.^®® (456) 

Sudan grass hay was as good as alfalfa hay as the sole feed for 
wintering beef cows or 2-year-old heifers in Kansas tests.^®® However, 
it was inferior to alfalfa for wintering calves, which had greater re- 
quirements for protein and calcium. 

1084. Cereal hay; sheaf oats. — In certain sections of the western states hay 
from the cereals is important for beef cattle. Oat hay was even superior to alfalfa 
hay as the only feed for wintering beef cows in 5 Montana trials.ior Rye and 
wheat hay were also satisfactory. 

For wintering beef calves wheat hay was decidedly inferior to alfalfa hay in a 
Washington test, but a combination of one-half wheat hay and one-half alfalfa 
was as efficient as alfalfa alone.io8 

Wild oat hay, fed with barley and cottonseed meal to yearling steers in a 
California test, produced nearly as good results as alfalfa hay.io® 

Sheaf oats, a common feed in western Canada, were worth about one-fifth more 
per ton t^n prairie hay for fattening steers in a trial at the University of Alberta.iio 

1085. Shock corn; corn fodder. — Both shock corn and corn fod- 
der are often used for beef cattle. (420) Shock com is frequently fed 
to fattening cattle, especially during the first part of the fattening 
period. The cattle soon become used to eating the unhusked ear com 
and will also eat most of the leaves and even some of the stalks. In feed- 
ing shock com there is more wastage of grain than in feeding ear com 
or shelled com, even when pigs follow the cattle. It is also rather diffi- 
cult to adjust the amount of grain as the fattening progresses. There- 
fore the gains are apt to be slower from shock com, especially during 
the latter part of the feeding period. 

Com fodder and shock com are excellent feeds for wintering beef 
cattle, when a limited amount of legume hay is supplied to balance the 
ration or when a small amount of protein supplement is fed. A con- 
siderably greater feeding value per acre is secured when the crop is 
ensiled, but the dry fodder is a very useful feed for those who do not 
have silos. 

There is considerable wastage of the stalks when com fodder is fed 
whole. This may be reduced by chopping the fodder or by grinding it. 
Whether or not such preparation will pay will depend on the price of 
feeds and the cost of chopping or grinding under the local conditions. 

In 2 Michigan tests whole shock com, ground shock com, and com 
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silage were compared for fattening yearling steers, which were also fed 
cottonseed meal as a supplement and a limited amount of alfalfa hay.^^^ 
The amount of beef and pork produced per acre of com fed was 50 
per cent greater for com silage than for the shock com and 12 per cent 
more than for the ground shock corn. The difference was even more 
striking in the net return per acre over the cost of growing, harvesting, 
and preparing the com. The net return per acre from com silage aver- 
aged $23.07, for shock com $13.48, and for ground shock com only $6.68. 

Com silage was likewise much more profitable than ground shock 
com in an Ohio trial.^^* It also excelled ground com fodder in New 
Mexico experiments with fattening cattle, even though molasses was 
mixed with the ground fodder to increase its palatability.^^^ In 3 Colo- 
rado trials chopped com fodder was slightly less economical for fattening 
cattle than com silage when the cost per ton of the cut fodder was 
2.5 times that of the silage.^^* Chopped corn fodder produced nearly as 
good gains as com silage in North Dakota trials, when fed with alfalfa 
hay, grain, and protein supplement.^^® In these tests 100 lbs. of chopped 
fodder were about equal in feeding value to 184 lbs. of com silage. 

When uncut shock com or corn fodder has been compared with corn 
silage, there has usually been a large difference in feeding value per 
acre. For example, in an Illinois trial the corn silage from an acre was 
worth 30 per cent more than the shock corn from the same area for feed- 
ing growing beef calves.^^® In a Missouri test with fattening steers an 
acre of com silage was worth 50 per cent more than an equal area of 
shock com.^^^ Fodder com was similarly much less efficient for fatten- 
ing cattle than com silage in Iowa experiments.^^® 

In an Indiana experiment excellent results were secured when steers 
were fattened on a ration of shock com combined with corn silage and 
cottonseed meal.^^® However, shock com fed in a similar manner in 
Ohio tests was inferior to shelled com.^^® 

Ground com fodder, fed with 1 lb. of cottonseed meal or 4 lbs. of 
alfalfa hay, was very satisfactory for wintering beef calves in 3 Nebra- 
ska experiments.^*^ In these tests ground corn fodder produced about 85 
per cent as much gain per acre, while in similar Kansas and Missouri 
trials it made only 60 per cent as much gain per acre as did corn 
silage.^** 

1086. Com stover. — Corn stover (shock corn or corn fodder minus 
the ears) can often be fed advantageously as part of the ration for win- 
tering beef cows or even for wintering young cattle. (432) However, 
it is too low in nutrients to be of much value in feeding fattening cattle. 

For example, in an Ohio trial corn stover was compared with corn 
silage for fattening yearling steers, when fed with mixed hay, shelled 
com, and linseed meal.^*® With com stover at $7 a ton and corn silage 
at $4, the steers fed milage returned $6.14 each over the cost of feed, 
while the net return for those fed stover was only 81 cents. 

As is pointed out later in this chapter, greater feeding value can 
be secured from com stover when it is ensiled than when the dry stover 
is fed. (1096) 

1087. Sorghum fodder or hay. — Cured forage from both the sweet 
sorghums, or sorghos, and from the grain sorghums can be used for beef 
oattle in the same manner as com fodder and stover. (441) Sorghum 
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hay, or ‘'cane hay,^’ made from thickly-planted sweet sorghum, is about 
equal to good prairie or timothy hay, for there is but little waste in 
feeding it. 

Sorghum forage gives especially good results when fed with a lim- 
ited amount of legume hay. However, chopped or ground sorghum fod- 
der of good quality has been satisfactory as the only roughage for 
fattening cattle when fed with a sufficient amount of cottonseed meal or 
other protein supplement to balance the ration.^^^ When no legume hay 
is fed, about 0.1 lb. per head daily of ground limestone or other calcium 
supplement should also be supplied, unless the fodder has been grown 
on soil rich in calcium. 

While sorghum fodder is a very satisfactory feed for beef cattle, 
much more economical results are secured when the crop is ensiled. For 
example, in Kansas experiments with cattle being carried through the 
winter, kafir silage produced more than twice as much gain per acre as 
kafir fodder.^ 26 similar Nebraska test sorghum silage produced 

two-thirds more gain an acre than did chopped sorghum fodder.^2® 

Sweet sorghum fodder, fed with ground milo grain and cottonseed 
meal, produced as rapid gain in 3 New Mexico trials as did sorghum 
silage.^27 However, per pound of dry matter the sorghum silage had a 
considerably higher value than the sorghum fodder. Similar results 
were secured in 3 Texas experiments, except that there was a greater 
difference in feeding value in favor of the sorghum silage.^^s 

In the Kansas experiments mentioned previously, chopping kafir 
fodder in a silage cutter did not increase its value for cattle being car- 
ried through the winter. On the other hand, chopping rather poor- 
quality grain sorghum fodder in a Texas trial increased the value for 
fattening cattle more than enough to justify the expense .^29 

Chopping sorghum fodder does not crack the grain and thus does 
not lessen the loss of nutrients through seed escaping mastication and 
digestion. Therefore the effect of grinding kafir fodder was also studied 
in the Kansas experiments. Even when the fodder was ground in a 
mill that cracked most of the grain, the value of the fodder per acre 
was still much below that of kafir silage. However, grinding the fodder 
in this manner did increase its value 46 per cent in one test, in com- 
parison with feeding it uncut. 

The choice between the various kinds of sorghums for forage will 
depend chiefly on their relative yields under the local conditions. In 
Texas tests with fattening cattle there was not much difference in the 
feeding value per ton of ground sweet sorghum fodder and of ground 
fodder from kafir, milo, feterita and hegari.^®® 

1088. Sorghum stover. — Sorghum stover (not including the heads) 
is a useful feed for carrying through the winter animals that are not 
being fattened. Its value per ton will be somewhat less than that of 
the fodder including the heads, and will depend on the leafiness and on 
how it has been cured. Kansas tests show that by making silage from 
sorghum stover the feeding value can be increased very greatly.^®^ 

Ground hegari stover, undoubtedly of good quality, was satisfactory 
as the only roughage for fattening steers in Texas trials.^®* However, 
unless sorghum stover is well-cured, palatable, and leafy, it is better for 
animals that are being wintered than for those that are being fattened. 
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1089. Straw. — Straw from the small grains can be used satisfac- 
torily as the chief feed or even as the only roughage for wintering beef 
breeding cows, if it is properly supplemented. (1107) On the other 
hand, straw is too low in nutrients to form any considerable part of 
the ration for fattening cattle. (468) 

If, because of drought or for any other reason, there is a shortage 
of better roughage, straw can replace part of the hay or silage usually 
fed fattening cattle. In such cases the lack of protein, calcium, phos- 
phorus, and vitamin A in straw must be remembered. 

Reasonably good gains can even be produced on cattle a year old 
or more with straw as the only roughage, if a liberal amount of grain 
is fed and protein and calcium supplements are provided. For example, 
in a Nebraska trial 660-lb. steers were fed a ration consisting of 4.3 lbs. 
straw, 14.1 lbs. shelled corn, 1.6 lbs. cottonseed cake, and 0.07 lb. min- 
eral mixture. These steers gained 2.04 lbs. per head daily, in com- 
parison with a gain of 2.23 lbs. for others which were fed 2.9 lbs. of 
alfalfa hay in addition.^^^ 

Providing the ration is properly supplemented with protein and also 
with calcium if needed, cattle that are fed a liberal amount of silage 
or wet beet pulp may make just as rapid gains with straw for the dry 
roughage as when fed legume hay.^^* The actual value of the straw per 
ton will, of course, be much lower than that of the hay, due to the 
larger amount of protein supplement needed with the straw. 

Straw from the legumes is somewhat more valuable than cereal 
straw with the exception of soybean straw, which is as low in protein 
and digestible nutrients as straw from the small grains. (418) Straw 
from alfalfa, clover, peas, or field beans can form a considerable part 
of the roughage for wintering beef cattle. In an Illinois test 1,110-lb. 
steers even made good gains when soybean straw was fed as the only 
roughage, along with a liberal amount of shelled corn and enough soy- 
bean oil meal to balance the ration.^®® 

1090. Cottonseed hulls. — Cottonseed hulls have long been used ex- 
vtensively for feeding beef cattle in the cotton belt of the South. (588) 

Formerly, cattle were commonly fattened on nothing but cottonseed meal 
and cottonseed hulls, but recent investigations have shown that this 
ration can be greatly improved. 

The cottonseed meal makes good the lack of protein in the hulls, 
but there is a lack of calcium and vitamins in both these feeds. While 
cattle make satisfactory gains for a time when fed only cottonseed meal 
and hulls, if fed this restricted ration too long they will suffer from 
nutritive deficiencies. (582) 

Even during the usual fattening period, the results are considerably 
improved if well-cured hay or good silage is added to the ration to 
furnish vitamins, and also a calcium supplement, unless legume hay is 
fed. When hay or silage is not available, even the calcium supplement 
alone is beneficial, though the cattle will be affected by the vitamin defi- 
ciency if the ration is continued too long. Cottonseed hulls are well- 
liked by cattle, and 2-year-old steers will eat 20 to 30 lbs. a day when 
the hulls are the only roughage. 

Cottonseed hulls were compared with sorghum silage in 6 Mississippi 
trials ^ which the cattle were fed cottonseed meal and also a limited 
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amount of Johnson grass hay.^^® The steers fed hulls made nearly as 
rapid gains as those fed silage, and 100 lbs. of hulls replaced about 270 
lbs. of sorghum silage. When hulls were fed in combination with both 
silage and hay, the value was even higher. 

When fed with cottonseed meal and ground limestone to fattening 
cattle in 3 Oklahoma experiments, cottonseed hulls proved fully equal 
to prairie hay in rate of gain produced and in value per ton.^®^ Fed in 
this manner, the hulls produced as rapid gains as did alfalfa hay. In 
3 North Carolina trials cottonseed hulls were of slightly more value 
than com stover when fed with shelled corn and cottonseed meal.^^® 
In a Texas trial cottonseed hulls were slightly superior to chopped 
sorghum fodder, when fed with alfalfa hay.^^® 

Cattle fed cottonseed meal with cottonseed hulls as the only rough- 
age, and without any calcium supplement, have gained 0.2 lb. less per 
head daily, on the average, in 12 experiments than others fed corn silage 
in place of the hulls.^^® In these trials each 100 lbs. of halls replaced 
only about 145 lbs. of corn silage. This is a much lower value than 
has been secured in the recent experiments previously mentioned in 
which the hulls have been fed in more complete rations. 

IV. Silage; Roots; Pasture 

1091. Importance of silage in beef production. — Wherever corn or 
the sorghums thrive, silage from these crops has proved of great value 
in cheapening the cost of beef production. (340) In cooler sections 
silage from such crops as sunflowers or peas and small grain is fre- 
quently an economical substitute. 

Breeding cows and stock cattle may be maintained in winter in good 
condition on silage with a small amount of legume hay or else with 
1.0 lb. or less of such a protein supplement as cottonseed meal or linseed 
meal. For wintering calves and yearlings silage cannot be excelled, when 
thus fed. On well-balanced rations in which silage is the chief rough- 
age, fattening cattle will make rapid gains and reach a high finish on 
a moderate allowance of expensive concentrates. At first it was thought 
that silage-fed cattle shrank more in shipment than those finished on 
dry roughage. Trials have now abundantly demonstrated, however, that 
even when silage-fed cattle shrink a trifle more during shipment, they 
take on such a good ‘‘filP’ at the market thdt the net shrinkage is no 
more than for cattle fed only dry roughage. 

Trials at various stations have shown that it is commonly more eco- 
nomical to give fattening cattle twice a day all the silage they will clean 
up without undue waste, rather than to limit the amount of silage 
fed.^*^ Two-year-old steers full-fed on corn, legume hay, and silage 
will eat 30 to 40 lbs. of silage a day during the first month of fatten- 
ing and gradually less as feeding progresses, until during the last month 
they will eat only 10 to 20 lbs. a day. Calves and yearlings will, of 
course, eat considerably less silage per head daily. Kentucky experi- 
ments show that if the supply of silage is used up before fattening 
cattle are ready for the market, they can be changed gradually to good 
hay as the only roughage without difiBculty.'^^ 

The question as to how much com or other grain it is profitable to 
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feed to steers given an unlimited allowance of silage is fully discussed 
in the preceding chapter. (1004-1006) 

1092. Feeding a supplement with a full feed of silage. — It has 

been shown in the previous chapter that when fattening cattle are fed 
alfalfa or clover hay as the only roughage, they will eat sufficient of the 
protein-rich legume hay to balance their ration satisfactorily. Hence, 
the addition of a protein supplement, such as linseed meal or cottonseed 
meal, does not make much increase in the gains. (993-994) 

However, when cattle are fed all the com silage or sorghum silage 
they will eat in addition to com and legume hay, they like the silage 
so well that they will then generally eat only 2 to 4 lbs. per head daily 
of the hay. Sometimes they will not even eat an average of 2 lbs. of 
the legume hay throughout the fattening period, unless the silage allow- 
ance is slightly restricted. 

These small amounts of legume hay are not enough to balance the 
ration entirely. Therefore the gains will be more rapid and the cattle 
will reach a better finish if a protein supplement is added. (996) 
Unless protein supplements are unusually expensive, compared with 
grain, it will generally pay to add sufficient supplement to balance the 
ration according to the recommendations of the Morrison feeding stand- 
ards. If more supplement is used than is actually needed, the cost may 
be increased to such an extent that the advantage secured through the 
better selling price will be largely offset. 

1093. Corn or sorghum silage as the only roughage. — Whether as 
good results can be secured from, fattening cattle fed com or sorghum 
silage as the only roughage as when they are fed some legume or mixed 
hay in addition, is often a problem of importance to cattle feeders. 
Such silage is not only low in protein, but it is also apt to be rather 
low in calcium, unless grown on soil rich in this mineral. (999) 

The fact that com silage and sorghum silage often do not supply 
enough calcium for maximum gains by fattening cattle has been shown 
recently by McCampbell and associates in experiments at the Kansas 
Station.^*® In previous experiments with fattening calves, they had 
compared sorghum silage as the only roughage with a combination of 
sorghum silage and 2,0 lbs. of alfalfa hay per head daily, corn grain 
being fed in each ration with sufficient cottonseed meal to furnish ample 
protein. 

In 3 such experiments the calves fed sorghum silage as the only 
roughage gained 2.02 lbs., which is a good rate of gain for calves. 
However, those fed alfalfa hay in addition did still better, gaining an 
average of 2.27 lbs. a day. On account of superior finish they sold for 
58 cents more per 100 lbs., and the net return over cost of feed was 
$7.65 more per head. In 10 experiments at other stations it had likewise 
been found that usually the gains were slightly more rapid when legume 
hay was added to a ration of com silage, com grain, and cottonseed meal 
or linseed meal.^** 

* Since these silage rations contained sufficient protein, the Kansas 
investigators now conducted trials to find whether a lack of calcium 
might be responsible for the difference in results. It was found that 
when 0.1 lb. per head daily of ground limestone or other calcium sup- 
plement was added to the silage ration, the gains were fully as rapid 
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and the selling price just as high as when the calves received alfalfa 
hay in addition to silage for roughage. With prevailing prices in that 
section, the net return per calf was even larger on silage as the only 
roughage, fed with the calcium supplement, than with the alfalfa hay. 

These and other experiments indicate that corn or sorghum silage, 
fed with a calcium supplement to fattening cattle, will produce just as 
satisfactory results as when legume hay is also supplied. The calcium 
supplement is probably not needed if the corn or sorghum has been 
grown on soil rich in calcium, but such supplements are cheap, and there- 
fore it is wise to supply one unless there is unquestionably no lack in 
the ration. In using corn or sorghum silage as the only roughage for 
breeding cattle over long periods, it would seem wise always to add a 
calcium supplement as an insurance against any possible lack of this 
necessary mineral. 

Undoubtedly, very satisfactory results can be obtained when fatten- 
ing cattle are fed corn or sorghum silage as the only roughage with a 
calcium supplement. However, the author believes it wise to furnish a 
small amount of hay or other dry roughage whenever it is conveniently 
available. Cattle fed silage as the only roughage often seem to show a 
desire for some dry forage. Also, well-cured hay is the best source of 
vitamin A among common harvested feeds, and is a much more reliable 
source of this vitamin than is silage. 

1094. Com silage. — Silage from well-matured corn, carrying an 
abundance of ears and consequently a high proportion of corn grain, 
is the best of all silages for beef cattle. (426) Such silage aids mate- 
rially in reducing the amount of concentrates which need be supplied in 
addition. 

To show the good results from feeding com silage, there are sum- 
marized in the following table the results of 33 trials in which a full 
feed of com silage was added twice a day to the already excellent ration 
of shelled corn, cottonseed or linseed meal, and good clover or alfalfa 
hay.^^® In these trials a total of 574 steers (chiefly 2-year-olds) were fed 
for an average of 145 days. 

Value of corn silage when added to an already excellent ration 


Average ration 

Daily 

gain 

Lbs. 

Feed 

Corn 

Lbs. 

for 100 lbs. gain 
Supple- 
ment Hay 

Lbs. Lbs. 

Silage 

Lbs. 

Feed cost 
of 100 
lbs. gain 
Dollars 

Selling 
price 
per cwt. 
Dollars 

Lot I, no silage 

Legume hay, 9.9 lbs. 
Shelled corn, 17.3 lbs. 
Supplement, 23 lbs 

, 2.48 

698 

96 

405 


12.39 

9.31 

Lot II, fed silage 

Corn silage, 23.6 lbs. 
Legume hay, 3.1 lbs. 
Shelled com, 14.3 lbs. 
Supplement, 2.6 lbs 

2.49 

580 

102 

129 

954 

1132 

938 


The steers in Lot II, which ate 23.6 lbs. silage per head daily, con- 
sumed 6.8 lbs. less hay and 4.0 lbs. less corn than those in Lot I. To 
partly offset the low protein content of the silage, a somewhat larger 
amount of supplement was fed in the silage ration. It will be noted that 



690 


FilEDS AND FEEDING 


the silage did not produce appreciably larger gains or better finish than 
did good legume hay fed as the only roughage. 

The chief advantage from feeding silage was the cheapness of the 
gains. Silage feeding reduced the feed cost of 100 lbs. gain from $12.39 
to $11.82, thus saving 57 cents on each 100 lbs. gain made by the cattle. 
This might make the difference between a profit and a loss on the feed- 
ing operations. 

In these trials each ton of com silage saved an average of 247 lbs. 
corn plus 580 lbs. legume hay, but minus 14 lbs. protein supplement. 
With com at $20.00, supplement at $40.00, and legume hay at $10.00 a 
ton, this would give silage a value of $5.09 per ton. Thus, with feeds at 
these representative prices, com silage was worth fully one-half as much 
•per ton as good clover or alfalfa hay. These trials show that except 
where alfalfa or other hay crops thrive better than corn or sorghum for 
silage, the use of silage will generally increase the profits from the 
feeding of cattle for the market. 

For silage in the northern states a variety of corn should be grown 
which will nearly mature in the average season, rather than attempting 
to grow a rank-growing, late-maturing kind. Immature, watery silage is 
of much lower feeding value per ton than that from com cut when the 
kernels have hardened and glazed, but while most of the leaves are still 
green.^^® The value of the dry matter in immature silage will also 
probably be somewhat lower than that in well-eared corn silage, due to 
the great difference in the amount of grain contained. (428) 

Com for silage to be used in fattening cattle should not be planted 
so thickly as to prevent the development of good ears. This is because 
the grain is needed to furnish the liberal supply of digestible nutrients 
required for rapid fattening. If the silage is to be used only for win- 
tering beef breeding cows, somewhat thicker planting may be advisable. 

1095. Adding com silage to alfalfa hay and grain. — In the western 
alfalfa districts it is important to know whether it will be economical 
to add com silage to the common ration of alfalfa hay and grain for 
fattening cattle. This question has been studied in 16 tests at western 
experiment stations with the results shown in the following table.^^^ In 
these trials cattle averaging 863 lbs. in weight were fed for an average 
of 127 days, with no pigs following the cattle. The grain was ground 
barley in 11 of the trials and com in the others. 

Adding corn silage to a ration of alfalfa hay and grain 

Daily Feed per 100 lbs. gain 
gain Grain Hay Silage 
Lbs. Lbs. Lbs. Lbs. 

Lot If no silage 
^ Alfalfa hay, 202 lbs. 

Grain, 10.0 lbs 1.90 515 1,117 

Lot II, led silage 
Com Edlage, 20.4 lbs. 

Alfalfa bay, 14.1 lbs. 

Grain, 8.4 lbs 1.99 426 733 1,019 

Adding com silage to the excellent ration of grain and alfalfa hay 
slightly increased the rate of gain in these experiments. Though the 
diflOtence in gain was but small, the tendency would be for the silage- 
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fed steers to sell at a trifle higher price on a discriminating market. In 
these trials each ton of com silage saved 754 lbs. of alfalfa hay plus 
175 lbs. of grain, without considering the slightly more rapid gains on 
silage. With grain at even twice as^much per ton as hay, this would 
make 1 ton of silage fully equivalent in value to 1,004 lbs. of hay. Simi- 
lar results have been secured in California and Colorado experiments in 
which com silage has been added to alfalfa hay and ground barley, 
either with or without a protein supplement.^^® 

These tests show that where a ton of com silage can be provided at 
not more than one-half the cost of alfalfa hay per ton, the use of silage 
in addition to alfalfa hay for fattening cattle is economical. Where the 
cost of silage is more than this, in comparison with that of hay, it may 
be more profitable to feed hay as the only roughage. (342) 

It has been shown previously in this chapter that when corn silage 
is added to a ration of nothing but alfalfa hay for fattening cattle the 
gains are greatly increased. Each 100 lbs. of silage actually replaces 
about 115 lbs. of hay, without giving credit for the better finish pro- 
duced by the silage feeding. (1076) 

1096. Com stover silage. — Silage made from corn, forage from which the 
ears have been removed is often an economica’ feed for wintering beef breeding 
cows, as is shown in the next chapter. (1106) This is because such stock do not 
require rations very rich in digestible nutrients. Accordingly, for these animals 
corn stover silage can be used as a cheap substitute for normal corn silage. 

On the other hand, corn stover silage cannot replace well-eared corn silage for 
fattening cattle, as they must have a liberal supply of digestible nutrients and net 
energy. If the ears are removed from corn forage before it is ensiled, it wiU be 
necessary to feed with such silage a correspondingly larger amount of grain or 
other concentrates. Otherwise, the cattle will not make rapid gains or reach the 
desired degree of fatness. 

Even in wintering beef calves that are to be fattened later, normal silage is 
usually more economical than grain-less silage. In an Illinois trial calves fed corn 
stover silage, with a little hay and 1 lb. of cottonseed meal per head daily, gained 
only 0.65 lb. daily in comparison with 1.16 lbs. for others receiving normal corn 
silage.149 To secure good gains on stover silage, it was necessary to supply as much 
grain as the other calves received in the normal silage. 

In wintering yearlings or 2-year-olds, better use can be made of stover silage, 
unless considerable gain is desired during the winter. For feeding all classes of 
beef cattle, corn stover silage is more valuable than an equivalent amount of whole 
or cut dry corn stover, for it is more palatable and is consumed with less waste. 

Several experiments have shown conclusively that it is a mistaken attempt at 
economy to remove the corn ears from corn forage that is to be ensiled for fattening 
cattle. For example, in 3 Tennessee trials stover silage, made from corn forage 
from which the ears had been snapped as soon as the grain was mature, was compared 
with normal silage.iso Both lots of cattle were given the same amounts of concen- 
trates each year (not including the corn in the silage), along with a little hay or 
dry stover. The gain on normal corn silage was 1.84 lbs. per head daily and on 
stover silage only 1.40 lbs. The average feeding value of an acre of normal silage 
was $74.63 and of the stover silage from an acre only $16.81. 

Some farmers think that a considerable part of the value of the corn grain 
is lost when the whole crop is ensiled. They believe that if they husk the com and 
later feed it with silage made from the stover, the crop will have a higher value. 
This was tested in 3 Michigan trials in each of which one lot of steers (Lot I) was 
fed normal, well-eared silage with a limited amount of shelled corn, a protein sup- 
plement and clover hay.i^oi Lot II was fed similarly, except that the cattle received 
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silage made from dry stover, and their allowance of shelled corn was increased by 
the amount of corn grain in the silage that was fed Lot I. 

The steers fed stover silage gained only 1.90 lbs. per head daily, while those 
receiving the normal silage gained 2.35 lbs., though they had no more total corn 
grain. Since these steers were much better fattened, they sold for a higher price 
in each test than the cattle fed stover silage. In each trial a third lot of steers was 
fed corn stover silage with only 0.7 lb. more shelled corn per head daily than the 
steers in Lot I received. These steers gained only 1.70 lbs. a day and did not reach a 
good finish. Corn stover silage has also been decidedly inferior to normal corn 
silage for fattening cattle in Kansas, Mississippi, and Virginia experiments.i52 

1097, Silage from the sorghuxnB. — Sorghum silage is of great im- 
portance for beef production in those sections where the climatic condi- 
tions are such that the sorghums yield much more forage per acre than 
does com. It has previously been shown that the feeding value per acre 
is far greater when a sorghum crop is ensiled than when it is fed as 
dry forage. (1087) 

The choice between the various types of sorghums for silage depends 
chiefly on the yield per acre. Sweet sorghum silage is generally worth 
somewhat less per ton for beef cattle than silage from kafir or the other 
grain sorghums, as it contains much less grain. However, in many dis- 
tricts the yield of the sweet sorghums is enough greater to more than 
make up this difference. (439-4^) 

When sorghum silage is added to a ration for fattening cattle in 
which the only roughage is hay, the rate of gain may not be increased, 
if the hay is of excellent quality. However, there usually will be a suffi- 
cient saving of other feed to make the addition of silage profitable, just 
as in the case of corn silage. In Kansas and Oklahoma experiments in 
which kafir, darso, or sweet sorghum silage has been added to good 
rations for fattening cattle, the value of the silage per ton has been about 
35 per cent as much as that of alfalfa, or about half as much as that of 
prairie hay.^“ 

Sweet sorghum silage approaches com silage in value per ton for 
beef calves that are being wintered on moderate rations. In seven tests 
in which calves have been fed either sorghum silage or corn silage with 
1 lb. per head daily of cottonseed meal or linseed meal, the gain has 
been nearly as great on the sorghum silage.^®^ Each 100 lbs. of sorghum 
silage have been equal in average feeding value to 87 lbs. of corn silage 
in these trials. 

For fattening cattle the value of sweet sorghum silage has been con- 
siderably lower in comparison with that of well-eared com. This is 
probably because fattening cattle do not utilize the grain in sorghum 
silage so completely as that in com silage. Even if pigs follow them, 
considerable of the seed is lost. In spite of this wastage, a much greater 
feeding value is secured per acre from a sorghum crop when it is ensiled, 
than when the fodder is cured and then ground or chopped before it 
is fed. (1087) 

► Jn 12 experiments where one lot of cattle was fed good-quality 
sorghum silage and another lot com silage, the average daily gain was 
1.87 lbs. on sorghum silage and 2.07 lbs. on com silage.^®® On account 
of poorer finish the cattle fed sorghum silage generally sold for a slightly 
lower price. Due. to this and because somewhat more feed was required 
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per 100 lbs. gain on sorghum silage, the actual feeding value of sorghum 
silage was only 58 per cent as great per ton as that of com silage. 

These results show that sweet sorghum should not be grown in place 
of corn silage for fattening cattle, unless the average yield is enough 
larger to make up the difference in value per ton. In the sorghum belt 
this will generally be the case, and also it will often be true in certain 
districts of the South, where sorghum far outyields com for forage. On 
the other hand, in the corn belt and eastward corn surpasses the sor- 
ghums as a silage crop. 

Sorghum stover silage, made from sorghum forage after the heads 
have been removed, corresponds in feeding value to com stover silage 
and may be similarly used in wintering beef breeding cows. For fat- 
tening cattle and even for wintering calves or yearlings, silage from the 
entire crop, including the heads, is preferable.^*^® 

1098. Silage from soybeans or cowpeas with com or sorghuma. — Soybeans are 
frequently grown with corn or the sorghums and the combination crop ensiled. In 
the South cowpeas are used for the same purpose. The relative value of such com- 
bination crops in comparison with corn or sorghum grown alone is discussed in 
Chapter XIII, (399) To secure a larger proportion of soybeans in the silage, the 
corn and the soybeans are sometimes grown separately and then mixed as the forage 
is ensiled, usually at the rate of 1 ton of soybean forage to each 2 or 3 tons of 
corn forage. 

Such corn and soybean silage (made from 1 ton of soybean forage to 2 tons of 
corn forage) was compared with well-eared corn silage in 4 Indiana trials with fat- 
tening steers.157 The protein-rich corn and soybean silage did not have an ap- 
preciably higher value, ton for ton, than the corn silage, even when fed with shelled 
corn and clover hay, which ration, as we have seen, does not contain quite enough 
protein for maximum gains. That the corn and soybean silage was not worth more 
per ton than the corn silage was probably due to the fact that it was lower in net 
energy, because the soybean forage did not contain as much grain as the corn 
forage. This would offset the higher protein content of the mixed silage. 

In 7 Louisiana tests corn and soybean silage (containing about one-third soy- 
beans) was worth about 8 per cent more than corn silage per ton for fattening 
cattle.158 Also sorghum and soybean silage was slightly more valuable than sorghum 
silage. In these trials the silages were fed with 4 to 5 lbs. of cottonseed meal, so no 
advantage was gained from the higher protein content of the mixed silage. In a 
similar Mississippi trial corn and soybean silage was worth more per ton than corn 
silage, but this was primarily because the mixed silage happened to contain much 
less water.159 

In general, it would seem desirable to use these combination silage crops for 
beef cattle only when fully as large a yield per acre can be secured as from corn 
or sorghum grown alone. To get full advantage from the higher protein content of 
such combination silage, it is important that only sufficient supplement be fed to 
balance the ration instead of using as much as is necessary with corn or sorghum 
silage. 

1099. Silage from other crops. — Several crops which are discussed in Part II, 
furnish satisfactory silage for beef production. In fact, some economical silage crop 
can be grown in nearly every section of the United States. Other silage crops used 
for beef cattle are Russian sunflowers, peas-and-oats, oats, Japanese cane, millet, etc. 

1100. Boots. — Wherever corn or the sorghums thrive, silage from these crops 
provides cheaper succulence than do roots. In northern districts where root crops 
flourish but where corn will not mature sufficiently for silage, roots are a valuable 
feed for beef cattle. 

In Canadian trials corn silage was worth considerably more per ton than roots for 
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fattening cattle, due to the fact that it contains much more dry matter.^®® When 
only a few pounds per head daily of roots are fed to cattle as an appetizer, they 
may be worth as much, pound for pound, as corn silage.^si As has been shown in 
Chapter XVI, cull potatoes may be an economical feed for beef cattle in potato- 
growing districts. (480) Cull sweet potatoes can be similarly used. 

In Great Britain and the countries of Northern Europe where corn does not 
thrive, roots are extensively fed to beef cattle. A general practice is to allow fat- 
tening stock to eat all the chopped or sliced roots they will clean up. Because of 
the high water content of roots, the amounts eaten are surprisingly large. Often 
cattle 2 years old or over will eat well over 100 lbs. of roots per head daily. 

In addition to the roots and a limited amount of concentrates, fattening cattle 
are fed hay ^or straw, this often being chopped and mixed with roots. By this 
means the animals may be induced to eat a considerable amount of straw or rather 
unpalatable hay. Only a limited amount of concentrates is commonly fed, consisting 
largely of the various oil meals and other by-product feeds. Much less grain is 
used than in our country. This system produces good gains and carcasses of excel- 
lent quality .102 

One lot of cattle in each of 3 recent Scotch experiments was fed 80 lbs. of 
roots per head daily, another lot 40 lbs. and a third lot no roots.ies^ All groups 
received hay, straw, and a concentrate mixture. The gains were equal on the heavy 
and the medium allowances of roots, but were less rapid when no roots were fed. 
Under Scotch conditions, feeding the large allowance of roots was the most economical. 

1101. Pastures. — Good pasture is the foundation of economical 
beef production, for it commonly furnishes much cheaper feed than har- 
vested crops. Unless the beef herd is maintained on adequate pasture 
during as large a part of the year as possible, the costs will generally be 
increased and the profits reduced. 

Under western ranch conditions the breeding herds in some districts 
get practically all their feed the year around from the range forage, 
being given supplemental feed only if the grass or browse is buried deep 
under snow. In other sections the cattle must be wintered largely on 
harvested feeds. 

In the humid regions of the United States beef cattle are most fre- 
quently grazed on permanent pastures during the growing season. These 
may be either native pastures or improved pastures of tame grasses and 
legumes. When there is but little land on the farm that is not tillable, 
the pasture fields are frequently in the regular crop rotation. In such 
cases the most common practice is to use mixed timothy and clover, or 
perhaps timothy and alfalfa, for pasture after hay has been cut from 
the field for one or more seasons. Such mixed pasture is excellent for 
all classes of beef cattle, having proved superior to bluegrass, alfalfa, or 
sweet clover in Illinois tests.^®^ 

Alfalfa may also be used successfully for the breeding herd or for 
fattening cattle, if care is taken to avoid bloat.^®^ (376-376) Red clover 
is likewise a valuable pasture crop for beef cattle. Sweet clover is one 
of the best rotation pasture crops for beef cattle in some districts, espe- 
cially where grass pastures become parqhed in midsummer.^®® However, 
sweet clover has sometimes been disappointing for fattening cattle, as it 
may be too laxative early in the season, and it is often woody and un- 
palatable late in the summer. 

In the southern states lespedeza is of much importance, as it greatly 
improves permanent pastures. Throughout the South soybeans, cow- 
peas, or velvet beans are often grown with com, and cattle turned into 
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the field to graze after the com ears have been picked. By such means 
much of the feed needed to carry cattle through the winter can be 
provided. 

Frequently cattle on pasture fail to make the proper growth or 
gain in condition because the soil is seriously deficient in fertility or 
the pasture has not been well managed. In such cases a striking improve- 
ment will result from proper fertilization and management, as has been 
shown in Chapter XI. (305-310) In many areas the soil is so low in 
phosphorus that cattle on pasture suffer from a deficiency of this 
mineral. When it is not practicable to apply a phosphorus fertilizer to 
the pasture, care should be taken to provide the cattle with a phosphorus 
supplement. (163) 

The fattening of cattle on pasture is discussed in detail in 
Chapter XXXI. 


QUESTIONS 

1. How should the deficiencies of the cereal grains be corrected in feeding beef 

cattle ? 

2. Discuss the value of corn for breeding cattle; for fattening cattle. 

3. How is corn usually fed to beef cattle? Discuss the use of: (a) Ear com; 

(b) snapped corn; (c) shelled corn; (d) ground corn; (e) corn-and-cob 
meal; (f) ground snapped corn; (g) soft corn. 

4. What is the value of ground barley for fattening cattle in. comparison with 

that of corn? How should barley be fed to beef cattle? 

5. Discuss the use and value of oats for beef cattle. 

6. Compare the value of wheat and corn for fattening cattle. In what form should 

wheat be fed to beef cattle? 

7. How would you use rye for beef cattle? 

8. Discuss the use and value of the grain sorghums for beef cattle. 

9. Summarize the results of experiments which show the value of cane molasses 

for beef cattle. 

10. What is the relative value of beet molasses and cane molasses for beef cattle? 

11. Discuss the use for beef cattle of: (a) Wet beet pulp; (b) dried beet pulp; 

(c) molasses feeds. 

12. Discuss the value and use of cottonseed meal for beef cattle. How should the 

deficiencies be corrected in such a ration as cottonseed meal and cottonseed 
hulls ? 

13. What is the relative value of cottonseed meal in comparison with that of corn 

or barley when larger amounts of cottonseed meal are fed than are necessary 
to balance the ration? 

14. What have experiments shown concerning the value of linseed meal for beef 

cattle? What is the advantage of combining cottonseed meal with linseed 
meal? 

15. Discuss the use and value for beef cattle of: (a) Soybeans; (b) soybean oil 

meal; (c) wheat bran; (d) corn gluten meal; (e) corn gluten feed; (f) tank- 
age or meat scraps. 

16. Summarize the advantages of legume hay for beef cattle. 

17. Compare the value of alfalfa and of red clover hay for beef cattle. 

18. What is the value of: (a) Soybean hay; (b) cowpea hay; (c) sweet clover hay? 

19. How can most efficient use be made of non-legume roughage? 

20. Discuss the value and use for beef cattle of the following: (a) Timothy hay; 

(b) native hay; (c) Sudan grass hay; (d) corn fodder and shock corn; 
(e) corn stover; (f) sorghum fodder or hay; (g) sorghum stover; (h) straw. 

21. What is the value of cottonseed hulls for beef production in comparison with 

other cmmaon feeds? 
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22. Discuss: (a) The importance' of silage in beef production; (b) the use of corn 

or sorghum silage as the only roughage. 

23. Summarize the results of the feeding trials in which corn silage has been added 

to an already excellent ration. 

24. Ho# should corn stover silage be used in beef production? 

25. Discuss the value of silage from the sorghums. 

26. What other silage crops are of importance for beef cattle in your section ? 

27. Why are roots used extensively for beef cattle in northern Europe? 

28. What pastures are of most importance for beef cattle in your section? 
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1927, and mimeo. rpts. 
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and Roche, Wis. Bui. 388 and mimeo. rpts. 
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187. Lantow, Black, and Burnham, New Mex. Bui. 166 ; U. S. Dept. Agr. Tech. Bui. 30. 
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FEED AND CARE OF BEEF CATTLE— METHODS AND COSTS 
OF BEEF PRODUCTION— VEAL PRODUCTION 

I. The Beef Breeding Herd 

1102. Establishing a beef herd. — In establishing a beef breeding 
herd, one should start with as good foundation cows as possible, in order 
to secure offspring that will make economical gains, mature early, and 
yield carcasses with a large percentage of the high-priced cuts of meat. 
(1010-1014) Ordinarily, well-bred grade cows of one of the beef breeds 
should be selected. Where this cannot be done, a start may be made with 
selected commoner cows, but the progress will then be less rapid. 

The cows should be of the recognized beef type and conformation ; 
i.e., low-set, deep-bodied, broad, and compact, with vigorous constitu- 
tions. A purebred bull of good quality should always be used, for only 
then is it possible to build up a herd which will return the most profit. 

There are three general systems of handling beef breeding herds. 
These are: (1) The usual beef method; (2) ‘‘baby beef^’ production; 
and (3) the “dual-purpose’’ system. In the first two systems the calves 
run with their dams until weaned, none of the cows being milked. Cows 
producing calves intended for baby beef are, however, commonly fed a 
little more liberally, as is pointed out later. (1133) In the dual-purpose 
system beef production is combined more or less with dairying. (1110) 

1103. Feeding beef breeding cows . — Where cows are kept only to 
raise calves for beef, the cost of their maintenance for an entire year 
must be charged against the calf at weaning time. To reduce the cost 
of beef production it is therefore essential that the breeding herd be 
maintained as cheaply as possible, yet kept in vigorous breeding condi- 
tion. Only a breeder of purebred stock who wishes to keep his herd in 
somewhat of “show condition” as an advertisement can afford to feed 
much grain to his beef cows. 

Cows kept solely for beef production are commonly grazed on pas- 
ture during the growing season, the suckling calves running with their 
dams and no additional feed being given to cows or calves. Usually the 
pastures thus utilized will be the land least suited to tillage. In the 
fall the cows can get their living chiefly from feed that might be other- 
wise wasted, such as stubble or stalk fields and the aftermath of meadows. 
With a little foresight, the amount of such cheap feed may be increased 
by seeding rape or clover in the small grain, and rape in the com fields. 
Shade should always be supplied the herd at pasture. 

The winter feed and care may range from the most intensive sys- 
tem, where the herd is fed in bam or shed with the freedom of exercise 
paddocks, to the practice yet followed in some of the grazing districts 
of the West, where the only feed is that furnished by the winter range 
on which the grass has been allowed to grow up and mature. However, 
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bitter experience has taught the western stockman that he must provide 
against winter ^s rigors by having available a supply of feed to supple- 
ment the range when necessary. 

1104. Nutrient requirements of beef cows. — The nutrient require- 
ments of breeding animals have been discussed in detail in Chapter VII. 
(217) In order to produce thrifty, vigorous offspring, the dams must 
receive rations containing sufficient protein, minerals, and vitamins. 
Fortunately, much smaller quantities of these nutritive essentials are 
needed for wintering beef breeding cows than for feeding dairy cows in 
milk. This is because beef cows usually calve in the spring and are dry 
during the winter. Therefore they need nutrients merely for the main- 
tenance of their own bodies and for the growth of the fetus. As we have 
seen in Chapter VII, the amounts of nutrients required for the develop- 
ment of a calf to birth are not so large as often believed. (217) 

It is for this reason that beef cows can be wintered satisfactorily on 
roughage alone, when some legume hay is available. If only non-legume 
roughage is fed, there should be added to the ration 1 lb. per head daily 
of linseed or cottonseed cake or meal or one of the other high-protein 
supplements. Beef cows should be supplied with sufficient feed during 
the winter to keep them in thrifty condition. Otherwise, they may be 
unable to produce strong calves and nourish them with a good flow of 
milk. If they go into the winter in poor flesh, due to a shortage of feed 
on pasture, a little grain may be needed to get them in suitable condi- 
tion before calving. 

Too-liberal feeding of grain is not only extravagant but also may 
prove actually injurious. Experienced beef producers know that the best 
calf crop is apt to be secured from cows kept in vigorous condition on a 
properly -balanced ration, rather than from cows which are fat. 

If the cows receive at least 5 to 6 lbs. per head daily of properly-cured 
aKalfa, clover, or other legume hay, there will be no shortage of protein, 
calcium, or vitamins. Also, there will be no deficiency of phosphorus in 
such rations unless the roughage has befn raised on soil very low in this 
mineral. When non-legume roughage is fed with 1 lb. per head daily of 
protein supplement, the ration will contain ample phosphorus, but there 
may be a lack of calcium, unless the roughage was grown on soil well 
supplied with calcium. Therefore when no legume hay is fed, it is wise 
to feed 0.1 lb. or slightly more of ground limestone or other calcium sup- 
plement per head daily. 

Beef cows that have been on good pasture during the summer go 
into the winter with a considerable reserve of vitamin A, and their vita- 
min needs are not large. Therefore, unless the winter is too long, they 
can be wintered successfully on straw as the only roughage, which is 
very low in vitamins. However, as an insurance against a lack of vita- 
min A, it is wise to feed along with straw at least a limited amount of 
yell-cured hay, good fodder from com or sorghum, or good silage. This 
is especially important if the cows go into winter in poor condition and 
depleted of vitamins, because of drought-stricken pastures. Beef breed- 
ing cattle that are outside in the sunlight most of the day are amply 
protected against any lack of vitamin D. 

Plenty of salt and a proper supply of water should alwa^ be fur- 
nished the cattle. If trouble is experienced from goiter, or ‘‘big neck,’^ 
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in new-bom calves this may be prevented by supplying the cows with 
iodized salt during at least the latter one-half of the pregnancy period. 
(172) 

If one is in doubt as to whether the ration he intends to feed his 
breeding cows is balanced, he should calculate the dry matter, digestible 
protein, and total digestible nutrients in it and see how the amounts 
correspond with the Morrison feeding standards, which are based on the 
investigations at American experiment stations. (Appendix Table III.) 
If the ration does not contain as much digestible protein as is there 
advised (0.6 to 0.7 lb. daily for a 1,000-lb. cow), enough of some protein 
supplement should be added to balance the ration. 

In the case of mature cows the amount of total digestible nutrients 
may fall slightly below the minimum in the standard, if the cows go into 
winter in good flesh. On such a ration, however, the animals will 
probably lose in weight slightly during the winter. Cows which are not 
yet mature should be fed a little more liberally than full-grown ones, as 
they need additional nutrients to provide for growth. Cows nursing calves 
in winter require more feed than those which are dry. 

1105. Wintering cows chiefly on corn or sorghum forage. — ^Where 
com or the sorghums thrive, these premier forage crops should generally 
furnish much of the youghage for the breeding herd. The crop may be 
fed, grain and all, as silage or dry fodder, or the grain may be removed 
and the stover fed either as dry stover or stover silage. 

Experiments have shown that corn or sorghum silage is much more 
economical than the dry fodder, for it is consumed with less waste and 
will maintain the cows in better condition.^ Beef cows may be wintered 
very satisfactorily on 50 to 60 lbs. of corn or sorghum silage per head daily 
and 1 lb. of cottonseed meal, linseed meal, or similar protein supplement.^ 
This will keep them in good condition. Even an allowance of 40 lbs. 
per head daily of com silage with 1 lb. of supplement maintained cows 
in fair condition in an Illinois test.® Though the cows did not carry as 
much flesh as many breeders would desire, their health was not injured, 
and they produced vigorous calves. 

Often it is most economical to use silage in combination with hay, 
straw, or other dry roughage. An excellent combination is 5 lbs. or more 
of legume hay and 25 to 30 lbs. or more of corn or sorghum silage.^ 
If grass hay, straw, or corn or sorghum stover is used as the dry rough- 
age with com or sorghum silage, 1 lb. of protein supplement per head 
daily should be added to balance the ration.® 

While cows that are in good condition in the fall can be wintered 
on only corn or sorghum silage or the silage and dry non-legume rough- 
age, they will maintain their weights much better if a supplement is 
fed. Therefore they will be able to yield more milk for their calves in 
the spring. 

A combination of 20 to 25 lbs. corn silage, 7.5 lbs. soybean or mixed 
clover-and-grass hay, and 2 to 3 lbs. of wheat straw proved very satis- 
factory and economical in four West Virginia trials.® Good results were 
also secured on a ration of 24 lbs. silage, 7 lbs. wheat straw and 1.5 lbs. 
cottonseed meal. When com or sorghum silage is fed as the only rough- 
age or else with non-legume forage, a calcium supplement should be sup- 
plied, unless the soil is high in lime. (999) 




Well-bred Cattle and a Prosperous Farm 
What single-crop, grain-growing farm can furnish a scene of such beauty as this? 
Sleek, contented cattle; fertile fields; and well-kept fences. 



Shade and Fresh Water are Important on Pasture 

For all cattle on pasture it is important that shade, fresh water, and salt be 
provided. Fattening steers nearly ready for market may get rough coats, how- 
ever, if they spend much time standing in deep water in midsummer to escape 
the dies. 
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1106. Stover silage a cheap feed. — To reduce the cost of winter- 
ing the cows, stover silage, made from corn stover or grain sorghum 
stover, may be used instead of normal silage containing the grain. Much 
more feeding value is secured from an acre of stover when fed in the 
form of silage than when fed as dry stover. While stover silage is not 
well suited for feeding to fattening cattle, it is satisfactory as the chief 
feed for wintering breeding cows, due to the fact that they need much 
less total digestible nutrients. (1096) 

In Illinois tests it was found that beef cows could be wintered on 
about 60 lbs. of com stover silage and 1 lb. of protein supplement per 
head daily, preferably with a few pounds of straw in addition.^ Though 
cows thus fed were rather spare in condition, they produced thrifty 
calves, and the cost of feed was only one-third as much as when corn 
silage was used which contained all the ears. In these trials com stover 
silage was worth about two-thirds as much per ton as normal corn silage, 
while in an Ohio test it was not worth one-half as much per ton.® 

1107. Wintering cows chiefly on straw. — In the wheat-growing 
districts of the West beef cows are frequently wintered on straw as the 
only roughage. Montana and Oregon trials show that cows in medium 
to good condition in the fall can b^e wintered satisfactorily on 12 to 20 
lbs. of straw daily plus 1 lb. of cottonseed cake or meal or other protein 
supplement, or on straw and 4 to 5 lbs. of alfalfa or other legume hay.^ 

If the cows are in good condition in the fall and the winter is mild 
and not too long, they can even be carried through the winter on straw 
alone. However, they will then lose 50 to 200 lbs. per head and may not 
be thrifty enough in the spring to provide sufficient milk for their calves. 
Such an inadequate ration should therefore be used only in emergencies. 
Straw is also often fed with grass hay or with corn or sorghum fodder, 
stover, or silage. Such combinations are likewise very low in protein, 
and 1 lb. of protein supplement per head daily should be added. Also, a 
calcium supplement should be supplied when straw is fed as the only 
roughage or with non-legume forage. 

1108. Wintering on hay and other feeds. — In the alfalfa districts 
of the West alfalfa hay is widely used as the chief roughage for winter- 
ing beef cows. They can be kept in excellent condition on 18 to 25 lbs. 
of alfalfa hay a day, but often the cost can be reduced by combining the 
alfalfa with some cheaper roughage, such as prairie hay, corn or sor- 
ghum fodder or stover, or straw.^® One ton of hay, or the equivalent in 
hay and other roughage, is a common estimate of the amount needed to 
winter a breeding cow under range conditions, if the feeding season is 
not too long. 

In five Montana trials oat hay proved to be even better than alfalfa 
hay as the only feed for wintering beef cows.^^ Sweet clover hay, native 
bluejoint hay, and corn fodder were also satisfactory as the only feeds. 

1109. Supplementing winter range. — In range sections where the 
grass or other forage is not usually covered by snow in winter, the beef 
herd is wintered as largely as possible on the range. Supplementary 
feed should be provided for use if feed becomes scanty, in order to keep 
the cattle from running down seriously in condition. 

In New Mexico tests cottonseed cake, fed at the rate of 0.5 to 1.0 lb. 
per head daily was an excellent supplement.^^ It could be fed with little 
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waste and produced decidedly better results than an equal weight of 
com. Often a supply of hay or silage (usually in a trench or pit silo) 
is kept on hand to meet shortages of feed on the range during the 
winter. 

1110* Feeding dual-purpose cows. — ^Where dual-purpose cows are 
kept and milked so as to secure dairy products as well as a crop of 
calves, the cows should be fed the same as dairy cows and the calves 
raised much like dairy calves, except that the calves should be forced 
to rapid growth through more liberal feeding. Since many dual-purpose 
cows do not have marked dairy temperament, it is especially important 
that they be fed strictly according to their actual production, instead of 
being given concentrates for which they will not pay at the milk pail. 

Sometimes the '^double nursing'' method is followed, in which 
about half the cows in the herd nurse two calves each and the others, 
from which the calves have been taken, are milked. For this plan it is 
essential that all the cows nursing calves be good milkers, as otherwise 
the calves will not make the gains desired. 

1111. The beef bull. — Under farm conditions the bull should be 
kept separate from the herd of cows except at the breeding season. This 
plan is also often followed in range herds, so that the calves will come 
within a certain time and so that the bulls will have an opportunity to 
get in good condition before the next breeding season. 

A vigorous bull 3 years old or over should serve 40 to 50 cows 
when hand-mated, and 25 to 30 when he runs with the cows on pasture 
during the breeding season. On the western ranges the average number 
of cows per bull is about 25, except in rough and mountainous country, 
where a bull to every 15 to 20 cows is a common proportion. A yearling 
bull should be hand-mated to no more than 10 to 12 cows during the 
breeding season and a 2-year-old to no more than 25 to 30 cows. It is 
not wise to allow young bulls to run with the cows on pasture during 
the breeding season. 

The same general principles apply to the feed and care of the beef 
bull as for the dairy bull. (987-988) The bull should be kept in good, 
thrifty condition but not fat. Previous to the breeding season he should 
be well fed, and concentrates should be added at other times, as needed, 
to keep him in condition. It is best to feed only a limited amount of 
silage to a bull prior to the breeding season or during it, as he may 
become too paunchy for active service. If a bull is a ‘‘hard keeper" 
and requires an abnormal amount of feed to keep him in proper flesh, 
he should be discarded, for he cannot be expected to sire cattle which 
will make economical gains. 

The importance of using a good purebred sire has been emphasized 
in Chapter XXIX. (1010-1013) 

II. Raising Beef Cattle 

1112. The beef calf. — Most beef producers prefer to have the 
calves bom in the spring, as the cows may then be wintered more 
cheaply, with less shelter and less care.^® When the cows are suitably 
fed during the winter and have proper shelter, it is generally best to 
have them calve early, from February to April. They can then receive 
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more careful attention, and the winter rations will produce plenty of 
milk for the young calves. 

When the cows are turned to pasture in the spring, the calves will 
be old enough to use to advantage the increased milk flow. Also, early 
calves can utilize the summer pasturage better than those bom late in 
the spring or in the early summer. Early calves are not only much 
larger in the fall, but also, if sold as feeders, will bring a better price 
per 100 lbs. on account of being in better flesh. 

When the calves are bom on pasture, the cows usually have no 
difficulty in calving and need little attention. Even when they calve 
under winter conditions, beef cows are not apt to require assistance at 
calving time, as is sometimes the case with dairy cows. -This is because 
their calves are rather small at birth, generally weighing only 60 to 
75 lbs. 

All bull calves that are not to be retained for breeding should be 
castrated, preferably before fly time and when from 1 to 2 months of 
age. Calves to be fed for the market should be dehorned, unless it is 
the intention to sell them as fat calves at weaning time. A good plan, 
where practicable, is to prevent the growth of the horns by using the 
caustic pencil before the calves are 3 weeks old. 

Spring calves are commonly weaned in the fall by separating them 
from their dams. To avoid a loss of weight at this time, it is best to 
teach farm-raised calves to eat grain and hay before they are weaned, 
and then feed them well when they are taken from their mothers. 

1113. Gains of suckling calves. — Suckling calves should gain 1.25 to 1.75 lbs., 
or over, per head daily if their dams give a good flow of milk. In a Pennsylvania 
test 3 calves fed whole milk containing 4.6 per cent of fat for 161 days, gained 
1.77 lbs. each daily, requiring 8.8 lbs. of whole milk, 1 lb. of hay and 1 lb. of grain 
for each pound of growth.i4 

Martiny found that from 3.5 to 6 lbs. of whole milk were sufficient to produce a 
pound of gain, live weight, with calves between the first and fifth weeks, while older 
ones required from 16 to 20 Ibs.is in Utah experiments calves required less dry 
matter than pigs for 1 lb. of gain up to 14 weeks of age, and after that more, 
possibly because of the greater amount of roughage then fed in the ration.’ « In 
Connecticut studies calves required 1.03 lbs., lambs 1.08 lbs., and pigs 1.36 lbs. of 
dry matter in whole milk for each pound of gain made.^7 

1114. Creep-feeding suckling calves. — Beef calves are not gener- 
ally fed grain while they are nursing their mothers and are on good 
pasture, except in the case of purebred calves on which maximum 
growth is desired or sometimes with calves to be fattened for market at 
as early an age as possible. Several recent experiments have shown 
that creep-feeding is generally profitable for well-bred beef calves that 
are to be sold for beef at weaning time or shortly thereafter. It is doubt- 
ful if it is advisable, except when pasture is scanty, for calves that are 
to be full-fed on grain for 5 months or more after weaning. 

•Creep-fed calves are heavier in the fall at weaning time. They will 
also then sell at a higher price as feeders, unless grain is cheap and 
farmers prefer calves that do not carry much flesh to those which are 
fatter, because they can put on fat cheaper than they can buy it in well- 
fleshed calves. The cows also keep in better flesh when their calves are 
ereep-fed, and thus need not be fed so much during the winter. 
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The creep should be built at a spot in the pasture where the calves 
tend to gather, as at the watering place. It is an enclosure with open- 
ings about 16 inches wide and 4 feet high, so that the calves can enter 
and the cows can be kept out. At first the cows should be allowed to 
enter the enclosure with the calves and eat grain, in order that the 
calves will learn to take it. Even then, it is sometimes difficult to get 
certain calves to eat grain, if their mothers are good milkers and there 
is an abundance of pasturage. The grain can be conveniently fed in 
the creep by means of a covered self-feeder which will hold a supply 
for several days. 

Creep-feeding is particularly advantageous for calves that are to 
be sold as fat calves at an early age. Early-spring calves creep-fed dur- 
ing the summer on good pasture and then full-fed after weaning can 
often be made fat enough for market by October or November, then 
weighing 600 lbs. or more. The experiments show that even when the 
calves are to be sold as feeders in the fall, they usually bring enough 
more, because of additional weight and better flesh, to show a profit on 
the grain that 4s fed. 

1116, Tests of creep-feeding. — ^In 14 tests of creep-feeding, the 
calves that were creep-fed while nursing their dams gained an average 
of 1.79 lbs. per head daily, which was 0.42 lb. more than others that 
did not receive the additional feed.^® In these trials, which averaged 
152 days in length, the difference in total gain per calf was 64 lbs. The 
total amount of grain and other concentrates eaten per calf during this 
time was 495 lbs., including that consumed by the cows while the calves 
were learning to eat. For each 100 lbs. of additional gain, the creep-fed 
calves therefore were to be charged with 758 lbs. of concentrates. In 
9 tests in which the selling prices were reported, the creep-fed calves 
were worth $1.23 more per hundredweight at weaning time. The greater 
gains and the increased selling price paid well for the concentrates fed 
in most of these tests. 

In Missouri tests the creep-feeding of calves that were running with 
their dams on pasture proved preferable to keeping the calves in a sep- 
arate enclosure where they were fed grain, and turned with the cows to 
nurse only twice a day.^® 

Because milk is rich in protein and also because good pasture is 
likewise fairly high in protein, there is no need of a high protein content 
in the concentrates fed to calves while suckling their dams on pasture. 
Good results will be secured even with corn as the only grain. Mixtures 
of corn and other grain and a small proportion of protein supplement 
are often preferred, as such mixtures may be slightly more palatable. 
There is no advantage in grinding com or oats for suckling calves. 

In Missouri tests during 3 summers calves creep-fed a mixture of 
8 parts by weight of shelled com and 1 of cottonseed meal gained slightly 
more than those fed only shelled com or a mixture of 2 parts com and 
1 part oats.®® They also sold for 50 cents more per hundredweight. 
However, the feed cost per 100 lbs. gain was somewhat less for the calves 
fed only shelled corn. 

1116. Wintering oalves. — ^Until recently, nearly all the young beef 
cattle intended for market were carried through one or more winters 
before they were fattened for market. Now an ever-increasing number 
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are put into feed lots in the fall and fattened for marketing when not 
much over a year of age. When this plan, which is discussed later, is 
followed, the calves must be fed liberally during the winter on good 
roughage with grain in addition and also a protein supplement, if the 
latter is needed to balance the ration. (1134) 

Calves that are being wintered for later fattening must be fed pri- 
marily on roughage, in order to keep the cost as low as possible. While 
the ration must be cheap, it is essential that the calves be kept growing 
thriftily. Sufficient protein, minerals, and vitamins must be provided 
to meet the requirements of animals of this young age, or they will fail 
to make the desired growth. 

Many experiments have been conducted to determine the best meth- 
ods of wintering calves under various conditions.^^ These experiments 
show that if the calves are to be fattened the following spring and sum- 
mer in dry lot, or if they are to be fed grain on pasture, it is usually 
best to feed sufficient grain or other concentrates during the winter to 
keep them improving somewhat in condition, or degree of fatness. 

Calves will make considerable growth when gaining only 0.50 to 
0.75 lb. per head daily, but they will then carry less flesh in the spring 
than when they came off pasture in the fall. Usually a gain of about 
1.0 lb. per head daily is required to keep them from losing in condition, 
and the rate of gain must be even greater if any fattening is desired 
during the winter. 

When calves are to be pastured during the following summer with- 
out grain in addition, the gain during the winter should not be too 
great, or the summer gains on pasture will be greatly reduced. If the 
summer grazing will probably be good, it is generally best to feed calves 
so they will gain 0.75 to 1.00 lb. per head daily. This will keep them 
thrifty, produce good growth, and prevent them from losing much in con- 
dition. The gains will be sufficient to pay for the feed consumed during 
the winter, and hence the cost of the calves per 100 lbs. in the spring 
should be no greater than in the previous fall when they came off 
pasture. 

If the calves will be on rather poor range in summer, it may be best 
to limit the winter feed so that they will gain only about 0.50 lb. per 
head daily. It is almost always advisable to secure at least this much 
growth during the winter, instead of feeding the calves so scantily that 
they grow in skeleton, but merely maintain their weights. If they do 
not gain during the winter, all the feed and labor is spent just for carry- 
ing them over to spring. The cost of the calves per 100 lbs. live weight 
in the spring will then be considerably greater than if they had been 
fed so as to make reasonable gains. 

Many men who fatten western feeder cattle during the spring and 
summer, buy calves in the fall and carry them through the winter, 
instead of making their purchases in the spring. They find that they 
can generally get calves of good quality more readily in the fall, when 
the supply on the market is greatest. By carrying the calves through 
the winter, they dispose of much farm-grown roughage. Also, if the 
calves are fed economical rations, the cost per 100 lbs. will usually be 
less in the spring than the price at that time for animals of similar 
quality on the feeder markets. 
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1117. Nutrient requirements and example rations. — The amounts 
of dry matter, digestible protein, and total digestible nutrients needed 
by calves of various weights to make daily gains of approximately 0.75 
to 1.00 lb. per head daily are stated in the Morrison feeding standards. 
(Appendix Table III.) Also, several example rations suited to condi- 
tions in various parts of the country are given in Appendix Table VII. 

The amounts of feed there suggested are only approximate, but 
should be helpful as a general guide. Where the winters are unusually 
cold, somewhat more feed will be required. Also, if the hay or other 
roughage is of rather inferior quality, it will be necessary to supply 
enough grain or other concentrates to keep the calves in the desired 
condition. 

1118. nations for wintering calves. — In the West where alfalfa 
hay is cheap, it is a standard ration for wintering calves or older cattle. 
If calves are fed all the good alfalfa hay they will clean up reasonably 
well, they will eat 12 to 20 lbs. of hay a day, depending on their size, 
and will gain approximately 1.0 lb. per head daily, or perhaps even 
more. When thus fed, they may waste about 2.0 to 2.5 lbs. of hay a 
day, but this refuse hay can often be fed to older stock being carried 
through the winter. To winter calves under western conditions without 
making any gains in weight, it will usually take about 2.0 lbs. of hay 
daily per 100 lbs. live weight. 

Clover hay or mixed clover-and-grass hay is about equal to alfalfa 
hay in value for calves. Unless hay from the grasses is cut earlier than 
usual, it is too low in protein to give the best results when used as the 
only feed for wintering calves. Good results are secured when good- 
quality timothy hay, prairie hay, native hay, or other grass hay is fed 
with 0.5 to 1.0 lb. of cottonseed meal or other protein supplement per 
head daily. 

To reduce the cost, it is often advisable to feed, along with alfalfa 
hay or other legume hay, some cheap roughage, such as corn or sorghum 
fodder or stover, or even straw. Calves fed 4 to 6 lbs. of alfalfa hay 
per day, with what straw they will eat, do not make much gain in 
weight, but can be carried through the winter in thrifty condition. By 
adding to such a ration 2 or 3 lbs. of grain per head daily, satisfactory 
gains can be secured. 

In many sections of the country silage from com or the sorghums 
provides the cheapest roughage for calves. An excellent ration is 3 to 
4 lbs. alfalfa hay and sufficient silage to produce the desired gain in 
weight. On this amount of legume hay and 25 lbs. of good silage, calves 
should gain a pound a day or more. Unless this much legume hay is 
fed with com or sorghum silage, a protein supplement should be added. 
Contrary to some earlier opinions, cattle fed silage during the winter 
will make just as good gains on grass the following summer as others 
that have made similar winter gains on dry feed. 

Very satisfactory gains have been made when calves have been win- 
tered on a sufficient amount of silage with 0.5 to 1.0 lb. per head daily 
of a protein supplement. When thus used to balance the ration, each 
100 lbs. of cottonseed meal or cake has been worth as much as 300 to 
400 lbs. of alfalfa hay. Kansas and Nebraska trials show that when 
protein supplements are high in price compared with farm grain, 2.0 lbs. 
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of ground barley, oats, wheat, or grain sorghum can be used in place of 
0.75 to 1.00 lb. of protein supplement, such as cottonseed cake or meal.^* 
Corn is rather too low in protein to be thus used, but an allowance of 
1.0 lb. corn and 0.5 lb. cottonseed cake, fed with silage or other suitable 
non-legume roughage, gives good results. 

Corn-stover silage or silage made from grain-sorghum stover should 
not be used as the only roughage for calves, if more nutritious roughage 
is available. If such silage or dry com or sorghum stover is the chief 
roughage, it will be necessary to feed some grain to keep the calves in 
good condition. 

Sometimes straw is used as the only roughage for wintering calves, 
but this is not advisable under usual conditions, for straw is very low 
in vitamin A. When straw is thus fed, the calves should receive 1.0 lb. 
of protein supplement, such as cottonseed meal or linseed meal, per head 
daily, and 0.1 lb. of ground limestone or other calcium supplement 
should also be supplied. At least 4 or 5 lbs. of well-cured hay had best 
be fed with straw, instead of using straw as the only roughage, or else 
it should be fed in combination with a limited amount of com silage or 
other silage. 

On the ranges of the Southwest the calves often get most of their 
winter feed from a winter range. New Mexico tests show that it is 
advisable to supplement such feed with 0.5 to 1.0 lb. of cottonseed cake, 
the amount depending on whether the calves are to be sold in the 
spring or carried on the range until the following fall.“ 

1119. Wintering yearlings and older stocker cattle. — ^Yearlings 
and older stocker cattle that are being carried through the winter for 
later fattening can make even greater use of cheap roughages than can 
calves. Hence, unless grain is very low in price, they should generally 
be wintered on roughage alone, when they are to be grazed on pasture 
without grain the following summer. Of course, a small amount of a 
protein supplement should be added when it is needed to balance the 
ration. If the cattle are to be finished for a summer or early fall market 
by feeding them grain or other concentrates in addition to pasture, then 
some grain is commonly fed during the winter, especially towards spring. 

Extensive experiments have been conducted at various stations and 
by the United States Department of Agriculture to compare various 
rations for wintering yearlings and older stocker cattle.^* The recom- 
mendations given in the Morrison feeding standards for such cattle are 
based upon the results of these investigations. (Appendix Table III.) 
Likewise, the example rations given in Appendix Table VII have been 
computed from the results of these studies. 

While stock cattle must be wintered cheaply, they should be fed so 
as to make some gain in weight. The most desirable amount of gain will 
depend on how they are to be handled the following summer. 

Yearlings and older cattle will make good gains when wintered on a 
full feed of legume hay or of mixed legume-and-grass hay. Even grass 
hay of good quality, which has been cut reasonably early and is there- 
fore fair in protein content, is satisfactory as the only feed for such 
stock cattle. If the hay is late-cut or of poor quality, it is. best to add 
about 1 lb. per head daily of cottonseed meal or other protein supple- 
ment. To reduce the expense somewhat, the allowance of alfalfa hay 
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or other good hay is often kept somewhat below the amount the cattk 
would clean up. 

Except in certain alfalfa districts of the West, feeding hay alone 
often makes the ration unduly expensive. To reduce the cost, such cheap 
dry roughage as straw or else com or sorghum stover can be satisfac- 
torily fed with 3 or 4 lbs. or more per head daily of legume hay. 
When most of the roughage is of low grade, it will be necessary to add 

2 to 3 lbs. per head daily of grain or other concentrates, if it is desired 
that the cattle make fair gains during the winter. 

Com or sorghum silage or silage from other suitable crops is excel- 
lent as part of the roughage, or even as the only roughage for wintering 
stock cattle. Since com or sorghum silage is low in protein, at least 

3 to 4 lbs. of legume hay per head daily should be fed with it, or 
else 1 lb. of protein supplement. The trials reviewed in the preceding 
chapter show that a crop of com or sorghum has a much greater feeding 
value for wintering cattle when it is ensiled than when it is fed as dry 
fodder. (1086, 1087) 

Stalk and stubble fields can often furnish much of the feed for stock 
cattle during fhe fall and early winter. In certain sections of the South- 
east, stock cattle are often wintered chiefly on rough land on which no 
cattle have been grazed in summer. 

In those Western range sections where there is not much snow in 
winter, winter range is commonly used as much as possible for stock 
cattle. Provision should always be made for supplemental feed when 
the supply of feed on the range is insufficient. For this purpose hay 
may be stacked against time of need or silage can be stored in a trench 
silo. Cottonseed cake, fed at the rate of 1.0 lb. per head daily, is also 
an excellent supplement to scanty winter range. 

1120. Raising beef heifers and bulls. — In raising beef heifers and 
bulls for the breeding herd, the rations should be somewhat more liberal 
during the first and second winters than in the case of stocker cattle 
which are later to be fattened for market. It is very important that 
they be fed so that they will develop into vigorous animals of the proper 
size for their breed. 

Care should therefore be taken that the ration supplies not only 
enough total digestible nutrients, but also sufficient protein, minerals, 
and vitamins. In particular, it is wise to include in the ration some 
well-cured hay (legume, if possible) to furnish plenty of vitamin A. If 
no leg^e hay is fed, a calcium supplement should be supplied, and if 
there is any probability of a lack of phosphorus, bone meal or some other 
safe phosphorus supplement had better be fed. 

In purebred herds young cattle are commonly fed with more liberal- 
ity than in commercial beef herds. The rations which have been sug- 
gested for wintering dairy heifers and young dairy bulls are well suited 
for use with such cattle, except that more concentrates (chiefly farm 
grain) will be needed in the casfe of animals which are being fitted for 
sale- or show. 

In commercial beef herds the heifers must be raised as economically 
as possible, and therefore they must be wintered almost entirely on 
roughage. With good legume hay and com or sorghum silage for rough- 
age, little or no grain is necessary. If lower grade roughages are used, 
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enough concentrates should be aded to keep the cattle in thrifty, grow- 
ing condition at all times. 

Unless at least 3 to 5 lbs. of good legume hay are fed per head 
daily, sufficient protein supplement should be added to balance the ra- 
tion. Even with no legume roughage whatsoever, 1 lb. of cottonseed 
meal, linseed meal, soybean oil meal, or soybeans will supply enough 
protein, either for calves or yearlings. Any additional amount of con- 
centrates that is needed may consist of com, barley, oats or other grain. 
When half the roughage is legume hay, the remainder may consist of 
straw, com or sorghum stover, or other rather low-grade roughage. 

1121. Age to breed. — Under farm conditions beef heifers are com- 
monly bred to calve when 24 to 36 months old.^° When heifers calve as 
2-year-olds, they must have made excellent growth prior to calving and 
must have plenty of feed during the next year, or they are apt to be 
permanently stunted in size.^^ 

Under ranch conditions it is essential that sufficient size be main- 
tained in the herd of breeding cows, and yet the cost of feeding a heifer 
up to the time of her first calf must be kept as low as possible. Experi- 
ments have therefore been conducted, especially by the Oregon and 
Kansas Stations, to study the effect of breeding various groups of heifers 
to calve as 2-year-olds and as 3-year-olds, respectively.^^ Some of the 
heifers have been fed liberally during the winter and others have re- 
ceived only sufficient feed for fair growth. 

In the Oregon trials, which covered a period of 6 years, it was 
most profitable to breed the heifers to calve at 2 years of age, even 
when they were not fed liberally during the winter up to calving time. 
Calving at 2 years of age somewhat reduced the percentage of calves 
dropped by the same cows when 3 and 4 years old. 

However, at the age of 6.5 years the cows that had produced their 
first calves as 2-year-olds had produced an average of 0.7 more calf for 
the entire period than those which first calved as 3-year-olds. For this 
reason, the net return from them was decidedly higher. At 4 years of 
age the cows which had first calved as 2-year-olds averaged about 100 
lbs. less in weight than those that had their first calves a year later. 

In the Kansas trials heifers raised on roughage alone were compared 
with others which received a limited amount of concentrates in addition. 
When calving at 2 years of age was combined with a winter ration of 
roughage alone, not only did the heifers fail to reach as large size as 
the others, but the average weight of their calves at weaning time for 
3 consecutive years was only 348 lbs. Compared with this, the average 
weaning weight of the calves from heifers raised similarly, but calving 
as 3-year-olds, was 405 lbs. 

The indications were also that a considerable percentage of the 
heifers which were raised on roughage alone and calved as 2-year-olds 
became non-breeders later. Feeding the heifers a liberal allowance of 
grain in winter largely prevented the ill-effects of early breeding, but 
this method was expensive under range conditions. It was concluded 
that the development of heifers without grain and breeding them to 
drop their first calves at 3 years of age, was the most practical method 
under range and semi-range conditions. 

In economic studies of range beef production il^has been found that 
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when the 'heifers calve as 2-year-olds under ordinary systems of winter 
feed and care, they are apt not to have calves the following year, be- 
cause they become run down in condition.^® This may seriously reduce 
the percentage calf crop in the herd. Therefore the best returns are 
secured when breeding is delayed, unless the heifers are fed adequately. 

1122. Normal growth of beef cattle. — ^Very few data have been 
published showing the weights of beef cattle of the various breeds at 
different ages. The following table gives the weights of females and of 
steers of the 3 important beef breeds in the purebred herds of the 
California College of Agriculture, as recorded by Guilbert and McDon- 
ald.^® While these figures are averages for only a relatively few animals 
and in one herd, they will be of interest in showing the rates of growth 
of beef cattle. 


Weights of purebred beef cattle at various ages 


Females 

I Mo, 

6 Mos. 

12 Moh. 18 Mos. 

24 Mos. 

30 Mos. 

Mature 

Lbs. 

Lbs. 

Lbs. 

Lbs. 

Lbs. 

Lbs. 

Lbs. 

Aberdeen-Angug 

127 

414 

669 

861 

1,018 


1,292 

Hereford 

129 

401 

676 

855 

1,031 

1,097 

1,453 

Shorthorn 

124 

440 

703 

869 

1,033 

1,166 

1,468 

Steers 

Aberdeen-Angus 

122 

433 




.... 


Hereford 

132 

476 

8M 





Shorthorn 

131 

474 

sm 


.... 

.... 

.... 

It will be noted that 

at 1 

month 

of age 

there 

was 

no significant 


difference in the weights of the heifers and the steers, but at 6 months 
and 12 months the steers were heavier. 


III. Methods and Costs of Beef Production 

1123. Fattening cattle on pasture. — Whether it will be more profit- 
able to fatten cattle on pasture during the summer or to finish them 
in dry lot on harvested feeds will depend on several factors. In farming 
districts where much land is unsuited for tillage, the fattening of cattle 
on grass is common, for a maximum utilization is thus made of pastur- 
age. On the other hand, on farms where there is but little untillable 
land, dry-lot fattening is more common, for more feed can be produced 
on an acre of tilled crops than on an acre of pasture. 

In late summer and fall large numbers of cattle fat enough for 
slaughter come to the central markets from the western ranges and other 
grazing areas. This large supply of grass-fat cattle generally depresses 
the price for ordinary grades of fat cattle. This competition may be 
avoided by getting cattle that are fed grain on pasture fat enough to 
market before the rush of grass-fat cattle arrives. 

Another plan is to fatten steers of high quality sufficiently by feed- 
ing a liberal amount of grain on pasture, so that they will sell as choice 
or prime fat steers. The prices for such cattle are usually good in late 
summer and early fall, due to a scanty supply. It is generally unwise 
to finish steers of medium to common grade or heifers for marketing at 
this time. Steers ^o be fattened on pasture should carry some flesh 
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when grazing begins in the spring, or they will not be fat enough for 
market by the end of the pasture season. 

1124. Advantages and disadvantages of pasture fattening. — Fat- 
tening cattle on pasture has certain definite advantages over dry-lot 
feeding: (1) Pasture gains arc cheaper. This is because less grain is 
required per 100 lbs. gain; because pasture is a cheaper roughage than 
hay or silage; and because little or no protein supplement is needed. 

(2) Less labor is required, for the cattle need be fed only once a day, 
and no roughage is given. Therefore the farmer has more time for his 
crops. (3) Pigs following pasture-fed cattle make larger gains and the 
death loss is lower than in dry-lot feeding. (4) The manure is well dis- 
tributed on the field, and fertility is saved. (5) No shelter is required, 
except that shade in the pasture is highly desirable. 

These advantages are more or less offset by the following:^® (1) A 
farmer has less time to care for fattening cattle in summer than in 
winter. (2) Feeder cattle are scarce and high in price in the spring. 

(3) In extremely hot weather cattle may not make good gains, on ac- 
count of the heat or flies. (4) Gains may also be checked by drought. 
(5) When a permanent pasture is grazed, the manure does not benefit 
the fields in the regular crop rotation. (6) On pasture fields in the 
rotation, it is often difficult to provide shade and water. 

1126. Quality of beef from grass-fattened cattle. — In the past many 
butchers and meat experts have believed that beef from grass-fattened 
cattle was dark in color, unattractive, difficult to sell, and inferior in 
quality when cooked. This opinion has tended to lower the price of 
such cattle on the markets. Recent investigations have shown, however, 
that if cattle are equally well fattened on pasture and in dry lot, there 
will be little or no difference in the color of the lean meat.^^ 

When the pasture is growing luxuriantly and is high in carotene, 
there may be a tendency for the fat to be a trifle yellower thaii in the 
case of cattle fattened in dry lot. This yellowish tinge is undoubtedly 
due to a higher carotene content in the fat, and thus increases the 
vitamin value of the beef, instead of injuring it in the slightest. (187) 
Beef from cattle that are thoroughly fattened on pasture alone is of 
excellent quality, being well-flavored and tender. However, young cattle 
cannot generally be made fat enough for discriminating markets on pas- 
ture alone, without grain. 

1126. Gains on pasture; amount eaten; area per head. — The gains 
of cattle fed no grain on pasture will vary widely, depending on the 
supply of forage throughout the season and on the nutritive value of 
the pasturage. On good pasture where there is an abundance of feed, 
yearlings should average 1.25 to 1.50 lbs. a day for the season and 
2-year-olds 1.50 to 2.00 Ibs.^^ In the Gulf States the rate of gain is 
usually not over 1.0 lb. per head daily. The gains are generally most 
rapid during the period of flush growth of pasturage in May and June 
and become small if the forage becomes scanty during the season. 

In experiments at the Illinois Station the amount of forage eaten 
by steers on various pastures was estimated by an ingenious method.^ 
Digestion trials were conducted with each steer to find the percentage 
of dry matter digested from the various pasture forages. Then the 
steers were pastured on each plot, a special sack being attached to a 
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suitable harness, so that the feces voided each day could be accurately 
collected. The total dry matter in the forage eaten daily was estimated 
from the amount of dry matter in the feces. 

In these tests the steers ate as much as 35 lbs. of dry matter daily 
per 1,000 lbs. live weight, which made over 100 lbs. of green forage 
daily in some instances. On 5-weeks-old bluegrass and on red clover 
they consumed more than twice as much forage as they needed for main- 
tenance. Therefore they had more than half their feed available for 
gain in weight. On alfalfa the feed consumption was considerably less. 

The area of pasture required per head for cattle fed no grain on 
pasture will range all the way from 2 acres or less per 1,000 lbs. live 
weight on fertile pasture in the humid districts, up to 7 to 10 acres or 
more on good grazing lands of the western ranges. When concentrates 
are fed to cattle on pasture, the area of pasture needed per head is con- 
siderably reduced. 

1127. Pasture vs. dry-lot fattening. — The summer fattening on 
pasture of feeder cattle that have not previously been fed much grain 
has been compared with fattening in dry lot in 8 trials.^* In each of 
these one lot of steers has been fed corn or corn plus supplement while 
another lot has been full-fed the same concentrates in dry lot. 

In these trials the average rate of gain in dry lot was 2.19 lbs. per 
head daily and only 0.04 lb. more on pasture. The feed cost per 100 lbs. 
gain averaged 94 cents less for the pasture-fed steers. This was partly 
offset by their selling price being 15 cents lower, but their average net 
return per head over feed cost was $2.02 more than for the steers fat- 
tened in dry lot. 

Cattle that are fairly fleshy in the spring, because they have been 
wintered on considerable grain in addition to good roughage, may make 
larger and cheaper gains if continued on full feed in the dry lot instead 
of being turned to pasture.^® The fatter they are in the spring, the 
greater will be the advantage from finishing them in dry lot. 

1128. Feeding concentrates on pasture. — When cattle are finished 
on pasture, no concentrates at all may be fed, a small allowance may be 
given during the entire pasture period, concentrates may be fed during 
only the last few weeks, or an unlimited allowance of grain may be 
given throughout the entire period. In most of the recent experiments 
where cattle have been fed concentrates on pasture in comparison with 
others fattened on grass alone it has usually paid to feed some concen- 
trates.*® The amount to be fed will depend on the quality of the pasture 
and on how rapidly it is desired to fatten the cattle. 

The gains on pasture alone will commonly be cheaper than when 
grain is fed in addition, but the cheapness of the gains may be more 
than offset if the cattle do not reach a good finish, and hence sell as 
feeders or lo^-grade slaughter cattle. Cattle that are 2 years old or 
more become much fatter on pasture alone than those that are younger, 
for the latter tend to grow as well as fatten. To fatten yearlings suffi- 
ciently for the large markets, it is usually necessary to feed grain in 
addition to pasture, 'or to finish them in dry lot for a short feeding 
period before they are marketed. 

In certain districts the pasture is so nutritious that cattle 2 years 
old or older can be well finished on grass alone. For example, many 
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cattle are brought from the Texas and other southwestern ranges for 
fattening without grain on the bluestem pastures of the Flint Hills dis- 
trict of Kansas.®^ Prom there, they are shipped on to the large central 
markets. 

Also, many cattle are finished for market without grain on excellent 
bluegrass pastures, especially in certain areas from Virginia to Ten- 
nessee and Kentucky. Some years ago the grass fattening of steers 
3 years old or more was common in this district. Now, with the market 
demand for lighter carcasses of beef, the practice of fattening younger 
cattle and feeding some grain on pasture is increasing. 

In the northern states the concentrate most commonly fed on pas- 
ture is corn, with perhaps a small amount of a protein supplement in 
addition. In the South, however, cottonseed cake or meal is often the 
cheapest concentrate available, and therefore an allowance of 3 to 4 lbs. 
per head daily is frequently fed as the only concentrate to cattle on 
pasture. 

1129. Feeding a protein supplement with corn on grass pasture. — 

Due to the richness of immature grass in protein, com and actively- 
growing grass make a well-balanced ration for fattening cattle, even for 
calves soon after weaning. The rate of gain can generally be increased 
slightly by feeding 1 lb. of protein supplement to each 10 or 12 lbs. of 
corn.'"’® Whether this will increase the profit, will depend primarily on 
the relative prices of com and of the protein supplement. 

The benefit from the addition of a supplement will be much greater 
in midsummer and later, when the supply of grass is often scanty and 
when the protein content is lower than in spring and early summer. 
If the cattle are on legume pasture, or if the grass pasture contains a 
considerable proportion of white clover, lespedeza, or other legumes, 
there is no need of a protein supplement. 

There is more advantage in feeding a protein supplement to cattle 
of high grade that will sell near the top of the market when well fin- 
ished, than to low-grade animals that will not bring the best price, no 
matter how they are fed. 

1130. Hints on fattening cattle on pasture. — Care should always 
be taken in changing cattle from dry lot to pasture, especially when 
they are in good flesh, else they may not continue to gain or may even 
shrink severely. As young pasture grass is laxative, if silage has been 
fed during the winter, the allowance should be reduced or entirely with- 
drawn as soon as the cattle are turned to pasture. Dry roughage which 
is palatable should be fed during the change, for otherwise the cattle 
may refuse the dry feed, preferring the grass. 

When cattle are turned to pasture early in the season and there is 
no dry grass standing over from the preceding fall, it is wise to leave 
them on pasture for only a short time the first day and increase the 
period gradually, or severe scouring may result. If grain has been fed 
during the winter, it should be continued until the cattle are accus- 
tomed to grass. Supplying cattle on pasture with salt, shade, and plenty 
of good water should never be overlooked. 

Cattle that have been fed a fairly liberal allowance of grain or 
other concentrates during the winter and that are fully half fat at the 
beginning of the pasture season, had best be finished in the dry lot. 
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If they are turned to pasture, they will usually make very poor and 
expensive gains during the first month or so.^® 

It has been mentioned in the previous chapter that cattle are some- 
times turned into standing corn in the fall to harvest the crop, pigs 
following the cattle to get the com not eaten by the cattle. (1043) 

1131. Various methods of beef production. — Several efficient meth- 
ods of beef production are followed in various parts of the United 
States. Each of these methods has advantages that make it desirable 
under certain local conditions. 

At one extreme is the production of heavy, fat calves, or ‘ ‘ super 
or ‘‘ultra’’ baby beeves, which are marketed when only 7 to 9 months 
of age. Next comes the production of baby beeves and fat yearlings, 
then the fattening of yearling feeder cattle, and last the fattening of 
cattle 2 years old or more when placed on feed. 

1132. Production of heavy, fat calves. — The production of heavy, 
fat calves is a recent development, brought about by the market demand 
for light-weight carcasses that will furnish small cuts of tender beef. 
These calves are often called “ super or “ultra” baby beeves, but these 
terms are somewhat misleading, as they imply that the carcasses of such 
animals are superior to baby beef.* On the contrary, the beef from 
these calves, marketed when only 7 to 9 months old and weighing but 
500 to 700 lbs., lacks the color and flavor of beef from older animals. 
It is lighter in color, being slightly like veal. Nevertheless, it is tender 
and is well liked by many consumers. 

In this method, calves of good quality are fed liberally by means of 
a creep while they are running with their dams on pasture in the sum- 
mer. Calves born in January or February may be fat enough to market 
directly off the cows in the fall. If the calves are bom in early spring 
or if the season is not favorable for the best gains during the summer, 
it may be necessary to full-feed them in dry lot for a couple of months 
before they are marketed. 

This method requires animals of superior beef breeding, suitable 
winter quarters, good pasture, and careful feed and care of the calves. 
It makes but relatively small use of roughage or pasturage, in compari- 
son with the marketing of cattle when approaching 2 years old or older. 

1133. Baby beef production. — Next in age at which the cattle are 
marketed, comes baby beef production. Under this system well-bred 
beef calves are so fed that they can be marketed as choice to prime fat 
cattle when 12 to 18 months of age and weighing 700 to 1,000 lbs. Such 
cattle are also classified as fat yearlings. 

The carcasses from these cattle provide popular-sized cuts of beef 
that is tender and satisfactory in flavor, although not as high in flavor 
as that from older cattle.^® If the calves are well fattened, the car- 
casses will have a good exterior covering of fat and the meat will show 
a sufficient degree of marbling. Since the lean meat is more tender than 
that from older animals, less marbling is needed to make the meat satis- 
factory in quality. 

Baby beef production requires, first of all, calves of good quality 
that can be made into high-grade fat cattle at an early age. Common, 
scrub, or dairy-bred calves will not reach the desired maturity and 
degree of fatness at this age. 
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Since the natural tendency of calves is to grow, rather than fatten, 
calves intended for baby beef must be fed liberally on grain and other 
concentrates. Therefore this method is not adapted to farms where beef 
is produced primarily to dispose of roughage. It is best suited to corn- 
belt farms, where pasture is relatively expensive, and com is cheaper 
in price than in other sections of the country. 

Baby beef production is especially adapted to the beef producer 
with a good beef herd who raises his own calves. He can be sure of 
having thrifty calves of the proper beef type for this intensive system. 
If one buys feeder calves for baby beef production, he must be sure to 
secure animals of the proper quality. 

In producing baby beef, tlie breeding cows are fed and cared for 
much the same as in the more common type of beef production, but 
they are often fed a little more liberally, so as to ensure a good milk 
flow. The cows must be maintained economically, however, or profits 
will be eaten up. The calves are usually dropped from the latter part 
of March to May. 

In producing baby beef in the com belt, the object is to fatten the 
calves as they grow and to retain their “calf fat.’" If the calves suffer 
from lack of feed at any time, it is much more difficult to get them well 
finished at the desired weight. During summer the calves mn wdth their 
dams on pasture, and in addition are often fed grain or a concentrate 
mixture by means of a creep, at least during the latter part of the 
summer if pastures are short. They will then be used to grain, and will 
suffer no setback at weaning time. 

1134. Fattening calves for baby beef. — Steer calves must usually 
be fattened for 200 days or longer to reach the desired finish for baby 
beef. (1019) Heifers can generally be made sufficiently fat in 160 to 
170 days, and bring the best price when marketed at a weight of about 
750 lbs. or less. (1023) 

Calves that are in good condition in the fall at weaning time and 
are full-fed on a proper ration should be ready for market from May 
to August, after most of the older fat cattle from the feed lots of the 
corn belt and other districts have been marketed. Even though pasture 
is available in the spring, it is best to continue fattening the calves in 
dry lot, instead of turning them to pasture. (1127) 

When western range calves are bought on the market to be fat- 
tened for baby beef, they will not usually carry as much fat as home- 
raised calves. However, if they are thrifty, well-bred, and of good qual- 
ity, they can be fattened satisfactorily for baby beef by feeding them 
good rations, though they will not be ready for market at as early an 
age as calves fed liberally at all times. 

Unless grain is unusually high in price in comparison wdth other 
feeds, calves being fattened for baby beef should be brought to a full 
feed of grain as soon as possible and should be fed liberally throughout 
the fattening period. (1004) When grain is extremely expensive com- 
pared with roughage, it may be most profitable to feed the calves chiefly 
on good roughage during the first half of the feeding period, and then 
finish them on a liberal allowance of grain.*^ 

Calves need a larger proportion of protein in their rations than do 
older fattening cattle, and therefore care must be taken that the ration 
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is properly balanced. A protein supplement should be fed, unless the 
calves receive a liberal amount of good alfalfa hay, or other legume hay 
equal in protein content, as the only roughage. 

The amount of supplement required to balance any particular ra- 
tion can readily be found by computing a balanced ration according to 
the Morrison feeding standards. (Appendix Table III.) Example ra- 
tions which are suitable for fattening calves in various parts of the 
country are given in Appendix Table VII. 

The amounts of feed consumed by calves fattened for baby beef and 
the gains made are shown in Chapter XXIX. (1019) It is there shown 
that calves require considerably less feed per 100 lbs. gain and therefore 
make cheaper gains than do older cattle. 

1136. Finishing cattle as fat yearlings. — On farms where an im- 
portant object in beef production is the utilization of roughages, the 
finishing of cattle somewhat later as fat yearlings offers marked advan- 
tages over the method of baby beef production. In this system the 
cattle are handled according to various methods, the choice depending 
on local conditions. Investigations by the Kansas, Missouri and Nebraska 
Stations show that the following methods give excellent results.'*^ 

Where the desire is to use the maximum amount of roughage in 
winter and of pasturage in summer, the calves are wintered so they will 
gain 1.0 lb. per head daily or slightly more. As shown previously, this 
will require only good roughage, such as corn or sorghum silage, with 
3 to 5 lbs. of legume hay or else 1 lb. per head daily of protein supple- 
ment to balance the ration. (1118) 

During the pasture season they are grazed, without grain feeding, 
on good pasture. In midsummer or in fall, they are put in the dry lot 
and full-fed on grain and good roughage for 100 days or longer, until 
they are fat enough to meet the market demands. Under this method 
the cattle are marketed in early winter, before the rush comes on the 
market of fat older cattle from the feed lots. 

In another method steer calves of high quality are wintered simi- 
larly on roughage and then full-fed grain on pasture until fat. They 
should be ready for market from August to November, at the time when 
there is an over supply of half -fat, grass-fed cattle from the range and 
other grazing districts, but a shortage of well-finished fat cattle of 
quality. 

If it seems best to have the cattle ready for market somewhat ear- 
lier, the calves should receive a limited amount of grain during the 
winter (3 to 5 lbs. per head daily) in addition to good roughage and also 
a protein supplement, if the latter is needed. They can then be finished 
by full-feeding grain on pasture for 75 to 150 days, the length of time 
depending on their condition in the spring and on the degree of fatness 
in demand on the market. Such cattle will come within a strict defini- 
tion for baby beeves. 

When the cattle are of such quality that they will grade choice to 
prime when finished sufficiently well, it may be best to feed them in 
dry lot for 4 to 6 weeks, before marketing. This will not only improve 
their actual condition slightly but will also better their appearance still 
more, for it will help to overcome the sunburned appearance of the coats 
of pasture-fed cattle. Since the buyers often still have a prejudice 
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against cattle fattened on pasture, this change in appearance will usu- 
ally increase the selling price. 

Instead of turning the cattle on pasture in the spring, it may be 
advisable to full-feed them in dry lot during spring and summer, until 
they are ready for market. This will increase the feed cost per 100 lbs. 
gain, but it may improve the selling price more than enough to offset 
the cheaper gains. Except perhaps when the pasturage is unusually 
nutritious and abundant, it is not advisable to graze the cattle without 
grain in summer, if they have been wintered on a fair allowance of grain 
and good roughage. They will then usually be too fleshy in the spring 
to do well on grass alone. 

1136. Finishing cattle as 2-year-olds or older. — ^Where pasturage 
and roughage are cheap and abundant, cattle are not usually finished 
for market until 2 years old or older. When cattle are to be fattened 
as yearlings during their second winter, they are generally fed during 
the first winter on roughage alone, or roughage plus 1 lb. per head daily 
of protein supplement or 2 to 3 lbs. of grain. (1118) They are then 
pastured without grain feeding during the summer and put into the 
feed lot for fattening at the close of the pasture season. 

Such yearlings can be fattened sufficiently for market in 150 to 
180 days, if they come off the pasture in good condition. Weighing 600 
to 750 lbs. when placed on feed, they are generally fat at weights of 
1,000 to 1,100 lbs. when about two years old, and meet the market de- 
mand for well-finished light-weight fat cattle. 

In another method cattle are carried through their second winter 
chiefly on roughage, and either fattened on grass the second summer, 
with or without grain feeding, or else fattened in dry lot. Kentucky 
experiments have shown that it is better to feed grain on grass than 
to use the same amount of grain in carrying the cattle through the pre- 
vious winter, and then pasture them during the summer without grain 
feeding.^® 

Still other cattle are put into the feed lot as 2-year-old feeders in 
the fall and fattened for sale the following spring when approaching 
3 years of age. The results that can be expected from fattening year- 
lings or 2-year-olds, in comparison with calves, are shown in the dis- 
cussion on this subject in Chapter XXIX. (1019) In a few sections 
cattle are still carried through 3 winters before they are fattened. 
However, such cattle are too heavy when fat to meet present-day de- 
mands, and therefore they have practically disappeared from the large 
central markets. 

1137. Beef cattle production on western ranges. — About three- 
fourths of the beef breeding cattle in the United States are in the west- 
ern states and in the great plains district from North Dakota to Texas. 
Here they are mostly kept under range conditions. 

The methods used in range beef -cattle production differ considerably 
in various districts.^ In some range sections, as in parts of Texas, the 
grazing land is privately owned and generally fenced. On the other 
hand, in the mountainous districts of the West much of the grazing is 
in the National Forests and on the public lands. 

In the early days of the western ranges little effort was made to 
provide harvested feed to carry cattle through the winter. Therefore 
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the losses of stock by starvation were sometimes appalling in winters 
with heavy snowfall. Now most western ranchmen have some land on 
which hay or other crops are raised for winter feed. In the mountain 
districts the cattle are commonly wintered on range land at lower ele- 
vations adjacent to the ranch headquarters. The feeding of harvested 
feeds is delayed as long as possible in the autumn or winter, so the 
cattle will get as much of their living as they can from the winter range* 

Spring calving is general in range herds, the date depending on 
the system of management and the climate. Occasionally sheds are pro- 
vided for shelter and the cows are bred for early spring calving, so the 
calves will be heavier in the fall. 

In the typical range areas of the West the cattle graze in spring 
on the lower foothills, and th^n as the season advances they go to the 
more elevated and more rugged areas. By the end of June they are 
uspally on this summer range, where the forage remains green and pal- 
atable until late in the season. Then in the fall they are brought back 
to the spring range. 

The cattle a.re looked after by experienced riders or herders who 
see that they are kept on good grazing areas, and away from areas 
infested with poisonous plants. These men also provide salt at proper 
salting ground and prevent the cattle from straying. The various 
ranchmen grazing cattle in a given district usually cooperate in the 
spring and fall round-ups. 

In the spring round-up the cattle belonging to each ranch are iden- 
tified by means of the brand and are counted. The calves are branded 
and castrated, and also the breeding cattle are sometimes separated from 
the steers and yearling heifers. In the fall round-up, which takes place 
in September or October, the cattle to be sold are sorted out, and any 
calves are branded that have been dropped since the spring round-up. 

Generally the percentage calf crop is considerably smaller in range 
herds than under farm conditions. In the northern range districts the 
number of calves weaned per 100 cows bred usually does not average 
more than 65, and in the semi-desert range areas of the Southwest the 
number is even less. The calf crop is often seriously lessened by a lack 
of suitable feed for the cows in winter, by an inadequate supply of bulls 
or poor condition of the bulls, and by permitting heifers that have not 
been well fed to be bred to calve when only 2 years old. 

1138. Fattening range cows. — The purchase and fattening for the 
market of range cows which have been discarded on account of age or 
for other reasons, is a hazardous undertaking. Experiments have shown 
that the gains made by such cows are generally very expensive.^® Also, 
many prove to be so far advanced in pregnancy that they must be kept 
over and fattened for market after they have raised calves. In addi- 
tion, there is danger of introducing infectious abortion or other diseases 
unless such cows are carefully isolated from other breeding cattle. 

1139. Cost of keeping beef cows and of beef calves up to wean- 
ing.-^The following table shows the approximate amounts of feed and 
labor required in keeping a beef cow a year on corn-belt farms, and the 
costs with feeds and labor at the prices indicated, as determined in cost 
studies by the United States Department of Agriculture.^® These data 
represent averages for 11,261 beef cows handled according to the usual 
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methods, 4,572 beef cows kept for baby-beef production, and 1,541 cows 
that were partially milked, the calves taking the rest of the milk. 


Cost of keeping beef cows and raising beef calves on corn-belt farms 



Beef cows 

Beef cows 
for baby 
beef 

Cows 

partially 

milked 

Feed per year 

Pasture, days 

194 

197 

200 

Hay, lbs 

1,900 

1,940 

1,940 

Silage, lbs 

700 

740 

600 

Straw, lbs 

660 

500 

580 

Corn, bu 

1.2 

2.5 

4.8 

Com stalks, acres 

1.4 

2.0 

1.8 

Labor per year 

Man hours 

15.3 

16.7 

47.2 

Horse hours 

10.4 

9.6 

9.8 

Feed cost per year’*' 

$23.78 

$24.78 

$25.61 

Labor cost per year^ 

$ 4.10 

$ 4.30 

$10.42 

Other expenses per year 

$ 6.97 

$ 727 

$ 7.38 

Total gross cost per cow 

$34.85 

$36.35 

$43.41 

Credit for manure 

$ 4.00 

$ 4.00 

$.4.50 

Credit for milk* 



$17.67 

Net cost per cow 

$30.^ 

$3*2.^ 

$21.24 

Calves raised per 100 cows 

85 

86 

87 

Cow cost per calf 

$36.37 

$37.63 

$24 

Bull cost per calf 

$ 2.36 

$ 2 .45 

$ 3.47 

Cost per calf at weaning 

$38.73 

$40.07 

$27.75 


•Prices as follows: Pasture, 11.50 per cow a month; hay, $10.00 per ton; silage $4.00 per ton, 
straw or fodder $2.00 per ton; com stalks, $1.00 per acre; corn, $0,50 per bushel; protein supple- 
ment, $35.00 per ton; man labor, $ .20 per hour; horse labor, $ .10 per hour; manure credit^ at 
$1.00 per load. 

It will be noted that these cows were maintained almost entirely on 
pasture and roughage, the beef cows receiving only 1.2 bushels of com 
a year and the cows that were partially milked only 4.8 bushels. (Any 
protein supplement fed is reduced to the com equivalent.) The labor 
required per year was only 15.3 hours of man labor and 10.4 hours of 
horse labor for the cows kept for ordinary beef production. 

The total yearly gross costs per cow at the prices indicated for 
feeds and labor were $34.85 for the cows kept for ordinary beef produc- 
tion, $36.35 for the cows kept for raising baby beeves, and $43.41 for 
the cows partially milked. Deducting a credit for the manure at $1.00 
per load and also for the milk secured from the partially -milked cows, 
the net costs were $30.85, $32.35, and $21.'24, respectively. 

A calving percentage of 80 per cent is excellent in farm herds, and 
the percentage is much lower on the western ranges. By calving per- 
centage is meant the number of calves raised to weaning age per 100 
cows. In these herds the calving percentage was 85 or over for all 
groups. 

The ‘‘cow cost per calf’^ is found by dividing the “net cost per 
cow” by the percentage of calves raised. To this must be added the 
“bull cost per calf” to secure the cost per calf at weaning time. Under 
the conditions in this survey, this cost per calf was $38.73 for the beef 
calves, $40.07 for the calves being raised for baby beef, and $27.75 for 
the calves from the cows partially milked. 
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By good management the cost of producing calves for baby beef 
can be brought even below the costs in this study. Cost records were 
kept for 3 years on an Iowa farm where a herd of 75 to 90 Hereford 
cows was used for the production of calves to be fattened for baby beef 
The cows were fed no grain and were wintered as largely as possible 
on meadow aftermath and stalk fields, with what hay and silage was 
necessary. 

In summer the cows and calves were grazed on bluegrass pasture 
without additional feed, except that 20 lbs. of silage per head daily were 
fed one summer when the pasture had been parched by drought. No 
grain was fed the calves until July or August, when they were started 
on a mixture of equal parts shelled corn and whole oats. After they 
were accustomed to grain, they were fed according to appetite, and con- 
sumed about 3.25 lbs. a head daily up to weaning time. 

On this farm the calf crop ranged from 84 to 90 per cent and the 
average weight of the calves at weaning time was 413 lbs. The average 
cost per calf at weaning age under pre-war conditions was $30.40, in- 
cluding the grain eaten by the calves and all the costs of keeping the 
cows. It was found that each year the cost of raising the calves was 
less than calves of similar quality could have been bought for on the 
market, the saving averaging $5.08 a head during the 3 years. 

The costs of producing beef calves will vary widely in different 
sections of the country. However, these data are helpful in showing 
the approximate feed and labor requirements under conditions similar 
to the com belt, and the costs with feed and labor at the prices indicated. 

1140. Reducing the coat of producing beef calves. — Even under 
the same general conditions there is often a great difference in the cost 
of keeping beef cows on individual farms. In a study of methods of 
wintering beef cows on com-belt farms by the United States Department 
of Agriculture, it was found that on some farms the cost was twice as 
high as on others.^* This was due largely to a failure to use cheap 
roughages in wintering the cows. Many farmers were overfeeding their 
cows and hence wasting feed, without securing any better calves. One 
of the greatest wastes was found to be the feeding of unhusked corn 
fodder, in place of husking out the com for other stock and feeding 
the cows the stover, after cutting or shredding it. 

Another important factor in reducing the cost of producing calves 
is tQ build up, by selection, a herd of cows which are all regular breed- 
ers and satisfactory mothers, producing good yields of milk. 

The possibilities in keeping beef cows at low cost on com-belt farms 
are well shown in a recent Illinois test.*® The cows were maintained 
principally on pasture for 9 months of the year, being on meadow after- 
math and com stalk fields half of this time. During the 3 months of 
dry-lot feeding the cows were fed clover hay and oat straw, with but 
2.5 bushels of grain. With prices at 1933 levels, the feed cost for the 
year was only $16.80 per head, while the value of the calves was $22.41 
per "cow. 

1141. Cost of producing yearling stockers or baby beeves. — In the 

studies conducted on com-belt farms by the United States Department 
of Agriculture the costs were also determined for carrying beef calves 
from weaning time through the winter and of fattening calves for baby 
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beef. The following table presents the averages for 7,236 beef calves, 
4,009 baby beeves, and 1,015 calves from cows partially milked. The 
calves fattened as baby beeves averaged 14 to 15 months of age and 
825 lbs. in weight when marketed. 


Cost of producing yearling stockers or baby beeves on corn-belt farms 


Feed per head 

Beef calves 
carried 
through 
winter 

Beef calves 
fattened 
for baby 
beef 

Calves 
from cows 
partially 
milked 

Hay, lbs 

1,218 

1,150 

1,080 

Silage, lbs 

266 

658 

218 

Straw, lbs 

no 

40 

114 

Fodder, lbs 

159 


204 

Corn, bu 

8.6 

4 i.O 

6.1 

Protein supplement, lbs. 

7 

141 

12 

Corn stalks, acres 

0.1 

0.03 

0.1 

Pasture, days 

Labor per head 

9.0 

48.0 

10.0 

Man labor, hours 

8.6 

122 

125 

Horse labor, hours 

6.8 

9.1 

4.7 

Feed cost per head* 

$11.86 

$32.51 

$10.01 

Labor cost per head* 

$ 2.40 

$ 3.35 

$ 2.97 

Other expenses per head 

$ 2.52 

$ 5.13 

$ 2.11 

Total gross expense 

$16.78 

$40.99 

$15.09 

Credit for manure* 

$ 1.50 

$ 1.50 

$ 1.00 

Credit for pork 


$ 2.85 


Net expense per head 

$1528 

$36.64 

$14.09 

Cost at weaning time 

$38.73 

$40.07 

$27.75 

Total production cost 

^Prices the same as in preceding table. 

$54.01 

$76.71 

$4154 


With prices for feeds and labor the same as in the preceding table, 
the net expense of wintering the beef calves was $15.28 per head, after 
allowing credit for the manure, and $14.09 for the calves from the par- 
tially-milked cows. The net expense for fattening the baby beeves was 
$36.64 per head, after allowing credit for the manure and also for the 
pork produced by pigs following the calves. 

This brought the total production cost of the stocker yearlings to 
$54.01 a head for those from the cows that were not milked and to 
$41.84 for the yearlings from the cows that were partially milked. The 
total production cost per head for the 825-pound fat baby beeves w’as 
$76.71 per head. 

1142. Cost of fattening cattle. — The cost of fattening cattle wull 
vary widely in different sections of the country and at various times. 
The chief items of cost are the initial cost of the feeder cattle and the 
cost of the feed. Other expenses which must be charged against the 
feeding operations are man and horse labor, building and equipment 
charges, interest, mortality risk, any veterinary services, insurance, 
taxes, marketing costs, and incidental expenses. 

The cost of the feed will generally form 80 per cent or more of the 
operating expenses, not including the initial cost of the cattle or the 
^penses of marketing them. Thus, in studies by the United States 
Department of Agriculture on corn-belt farms from 1918 to 1923, the 
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covjt of feed formed 84 per cent of the operating expenses; interest, 
6 per cent; labor (man and horse), 5.5 per cent; and taxes, building 
and equipment cost, mortality risk, and miscellaneous expenses, 4.5 per 
cent.®® 

In similar studies on Illinois farms from 1913 to 1923, feed formed 
85.5 per cent of the operating expenses; interest, 4.0 per cent; man 
labor, 4.1 per cent ; horse labor, 1.8 per cent ; mortality risk, 0.7 per cent ; 
and miscellaneous expenses, 3.9 per cent.®^ 

It is commonly assumed that when cattle are full-fed on com, the 
by-products of the fattening operations (the manure secured and the 
pork produced by the pigs following the steers) will usually pay for 
all costs other than the initial costs of the cattle and the cost of the 
feed. Except when pork is unusually cheap, these credits will certainly 
cover all these costs, except the expense of marketing the steers. Some- 
times the manure and pork credits will even cover the marketing ex- 
penses as well. 

For example, in studies on Illinois farms from 1913-1922, the aver- 
age credit per steer for manure was $5.87 with manure at 75 cents per 
ton, and the average credit for pork $6.30 per steer.®^ The total credit 
of $12.17 per steer more than offset the expenses other than feed, to- 
talling $10.53. These expenses included $2.17 per steer for man, labor, 
$0.94 for horse labor, $2.12 for interest, $0.43 for buildings and equip- 
ment, $0.35 for mortality loss, $1.65 for taxes and miscellaneous ex- 
penses, and $2.87 for marketing expenses. In other Illinois cost studies 
from 1919 to 1923 the manure and pork credits per steer amounted to 
$12.69 per steer and just about covered all expenses except the initial 
cost of the cattle, the cost of feed, and the marketing expenses.®^ 

It must be borne in mind that when cattle are fattened in winter 
on a general farm, most of the man and horse labor comes at a time 
of the year when it might not otherwise be utilized. Therefore much 
of it does not represent any real additional expense. 

The probable cost of fattening cattle on various rations may be 
estimated approximately from the data in the previous chapters, show- 
ing the feed required for 100 lbs. gain under various conditions. It 
should be borne in mind that most of the trials reviewed were carried 
on with cattle of good quality, given first-class feed under expert super- 
vision. Under farm conditions, slightly more feed will often be required 
for 100 lbs. gain than was needed in these trials. 

In an extensive survey of the fattening of beef cattle on corn in 
Indiana, Illinois, Iowa, Nebraska, and Missouri (including data on 34,934 
cattle), the United States Department of Agriculture found that on 
the average the cattle weighed 786 lbs. when placed on feed, were fed 
for 174 days, and made daily gains of 1.63 lbs. and an average total 
gain of 284 lbs. during the feeding period.®® For each 100 lbs. gain 
there were required 680 lbs. grain (chiefiy com), 62 lbs. commercial 
concentrates (chiefly linseed and cottonseed meal), 391 lbs. hay and 
other dry roughage, 863 lbs. silage, and 20 days of pasturage. 

It was found in these studies that in making each 100 lbs. gain 
there were required 4.5 hours man labor and 3.0 hours horse labor in 
the feeding operations.®* When the equipment is arranged conveniently, 
the labor can be reduced even below these amounts. 
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IV. Counsel in the Peed Lot 

1143. Cattle fattening requires business judgment. — Even more 
than in other types of livestock farming, the commercial fattening of 
cattle requires sound business judgment, or the venture is apt to result 
in loss. This is because the fattening of purchased feeder cattle is a 
much more speculative enterprise than most ventures in animal hus- 
bandry. To secure good profits it is therefore especially necessary that 
the several factors which make for success be kept clearly in mind. 

Before purchasing feeder cattle one should estimate the quantity 
of feeds on hand and determine how many and what class of cattle he 
had best buy to consume the feed. Prom a study of market reports 
he can estimate how much his feeders will cost, including the cost of 
getting them to his feed lot. Then he can figure out approximately 
how much the gains will cost him, by using the data in the preceding 
chapters, in which are shown the actual results on typical rations. 
He can then estimate the necessary selling price he must secure to 
break even, taking into consideration the marketing costs. If the out- 
look for a profit does not seem reasonably good, it is usually best not 
to buy just at that time. 

The kind of feeder cattle should always be chosen which seem to 
offer the best opportunity for profit. The summaries presented in 
Chapter XXIX show the results that can be expected from various 
grades of feeders and from calves, yearlings, and 2-year-olds. It is an 
old adage among stockmen that ‘‘cattle bought right are more than 
half sold.’' A man may be a skillful feeder and lose money year after 
year because of poor judgment in buying. The beginner should hire 
an experienced cattleman to purchase animals that will best suit his 
needs, or deal with a reliable commission firm that is acquainted with 
his conditions. If choice feeders are commanding a high premium in 
the market over commoner animals, and it does not seem probable that 
the premium will be correspondingly large for the cattle of better quality 
when they are fattened, the commoner grade had better be purchased. 
(1014-1015) 

By following the various market reports for preceding years, one 
can tell approximately when his cattle can be marketed to greatest 
advantage. They should then be fed so as to be finished at that time. 
It has been emphasized in Chapter XXIX that the cattle should be 
fattened only enough to return the greatest profit under the particular 
market conditions. (1021) It is much more important to have a good 
net return than it is to “top the market.” 

When the cattle are ready for market, it is usually not advisable 
to hold them for better prices, unless they continue to make gains at 
a reasonable cost. The extra feed consumed by finished cattle will soon 
more than offset any ordinary increase in price that may be obtained. 
When the cattle are almost finished, the owner should watch the market 
reports and find out from his commission firm what they consider the 
best date for shipment. 

1144. Rations for fattening cattle. — The numerous trials reviewed 
in the preceding chapters show forcefully that much greater profits 
are secured when fattening cattle are fed properly-balanced rations. 
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Whenever there is any question as to whether a ration is balanced, 
it will take but a short time to compute the approximate amounts of dry 
matter, digestible protein, and total digestible nutrients it contains and 
see how closely the ration meets the recommendations of modern feeding 
standards (Appendix Table III). The time it takes to work out suitable 
and economical balanced rations is commonly the most profitably spent 
of all the year. Example rations suited to various conditions are given 
in Appendix Table VII, 

To determine which of the several available feeds are actually the 
most economical, one should refer to the summaries in Chapter XXX 
which give definite information concerning the relative value for beef 
cattle of the most important feeds. The usefulness and value of the 
other feeds of lesser general importance are discussed in the chapters 
of Part II. 

1146. Equipment for feeding cattle. — Some cattle feeders do not 
realize that proper equipment is an important factor in securing profits 
from the fattening of cattle. The character of shelter required for fat- 
tening cattle under various climatic conditions has been discussed in 
Chapter XXIX. (1028) Where the soil and climate are such that the 
feed lots often become a sea of mud in winter or early spring, paving 
them with concrete is an economy. Not only do the steers make larger 
and more economical gains, but also much loss of manure is prevented. 
(1030) 

Cattle of the same age, or at least those of equal size and strength, 
should be fed in the same lot. From 2.5 to 3 feet of feed racks or bunks 
should be provided per steer, so there will not be undue crowding at 
meal time. Some feeders use combination feed racks for grain and 
roughage, while others prefer a separate rack for hay and a bunk or 
flat manger for silage and grain. Feed racks and bunks should always be 
cleaned after each feeding. Salt and fresh water should always be 
provided beef cattle. (998, 1003) 

1146. Getting cattle on feed. — Cattle that are not accustomed to 
grain or other concentrates must be started on feed gradually, or serious 
digestive trouble may result. When feeder cattle are first brought to 
the feed lot, it is best to restrict the amount of hay or other roughage 
slightly for a day or so, until they have recovered from the effects of 
their trip. 

They should then be started on grain. A safe plan is to feed not 
more than 1 lb. of grain per head at the first feed, or 2 lbs. for the 
day. The allowance may be gradually increased at the rate of 1 lb. per 
head daily or less, care being taken not to increase the amount unless the 
cattle are eager for each feed and clean up the grain properly. When 
they are approaching a full feed, the increases should be much more 
gradual, probably not over 1 lb. per head every third day. 

When cottonseed meal or linseed meal is to be fed to balance the 
ration, it is best to feed no more than one-quarter to one-half pound 
per head daily at first and then gradually increase the amount at the 
rate of one-quarter pound per head daily until the full amount needed to 
balance the ration is supplied. 

1147. Frequency and order of feeding. — Most cattlemen feed con- 
centrates and roughage twice a day to fattening cattle not on pasture. 
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Often cattle being fitted for shows are fed grain more frequently, ^so 
as to induce them to consume a larger amount. 

The feeding should always be at the same time each day. The cat- 
tle should not be disturbed until after daylight, and they should have 
time to clean up the evening feed before dark. Usually the concentrates 
are fed first and then the silage is put in the feed bunk, if this excellent 
feed is being used. Hay or other dry roughage is fed in suitable racks, 
also twice daily as a rule. However, if two kinds of roughage are fed, 
sometimes one is fed in the morning and the other at the evening feed. 
In this case, the less-palatable roughage should be fed in the morning. 
So that each animal can get its share of protein supplement, such as 
linseed meal or cottonseed meal, it should be mixed with the grain or 
else distributed over the silage. 

Commonly, when cattle are given grain or other concentrates on 
pasture, they are fed but once a day. This is largely as a matter of 
convenience, for they may be grazing on a pasture at some distance from 
the farmstead. 

Though it is the usual practice to feed fattening cattle twice a day, 
in 2 Wisconsin tests steers fed both grain and roughage only once a 
day (at 8:00 a.m.) made as rapid gains as those fed twice a day and 
returned practically as much profit.®® 

1148. The eye of the master fattens his cattle. — There is so much 
truth in the old adage, ‘‘The eye of the master fattens his cattle,^’ that 
every stockman should bear its significance in mind. In all phases of 
animal husbandry the discernment of a good stockman is essential for 
success, and in no phase is it of more importance than in the fattening 
of cattle for market. 

Being versed in the science of stock feeding is not enough. For the 
greatest profits not only must one feed his stock economical and well- 
balanced rations, but also he must have the watchful eye and good 
judgment of a true stockman. The best results are secured only when 
the cattle are fed at regular hours, and when the attendant is quiet 
and kind at all times, so that the animals trust rather than fear him. 

Experience counts for much in stock feeding. Many an experienced 
stockman can carry steers through the fattening period without getting 
them once “off fe^,'^ but yet cannot well describe to others just why 
he is so successful. In general, when steers are to be full-fed on grain, 
they should be supplied all they will readily consume at each feeding, 
after they have been gradually brought onto feed. Any feed left in 
the feed bunk or manger should be cleaned out before the next feeding, 
for it will not usually be eaten by the cattle afterwards, but will spoil 
and contaminate the fresh feed put in later. 

Scouring, the bane of the stock feeder, should be carefully avoided, 
since in a single day it may cut off a week's gain. This trouble is 
generally brought on by overfeeding, by unwholesome food, or by a faulty 
ration. Overfeeding comes from a desire of the attendant to push his 
cattle to better gains, or from carele^ness and irregularity in measuring 
out the feed supply. 

The droppings of the steers are an excellent index of the progress 
of fattening. While they should never be hard, they should still be thick 
enough to “pile up'' and have that unctuous appearance which indicates 
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a thrifty condition. There is an odor from the droppings of thrifty, 
well-fed steers known and quickly recognized by every good feeder. 
Thin droppings and those with a sour smell indicate something is wrong 
in the feed yard. 

1149. Pigs following steers. — ^Whenever cattle are fed ear com, 
shelled corn, or corn silage, pigs should be kept with them to utilize 
the unmasticated and undigested corn in the droppings. The margin 
in cattle feeding is frequently so narrow that the gains made by the 
pigs return the only profit. It is therefore essential that pigs be pro- 
vided to follow the cattle, except when they are fattened on a ration 
from which the pigs would not secure much waste feed, such as a ration 
of hay and ground grain, without com silage, or a ration of cottonseed 
meal and cottonseed hulls. 

The number of pigs per steer varies with the kind of feed and the 
age of the cattle being fed. Enough should be provided to utilize the 
waste feed fully. The younger the steers, the better they masticate 
their feed and the smaller are the gains made by the pigs following. 

For cattle full-fed on the common com-belt ration of shelled com, 
corn silage, legume hay, and a small amount of protein supplement, 1 pig 
will be needed for approximately 1 to 2 steers in the case of 2-year-olds, 
1 pig to 2 steers with yearlings, and 1 pig to 3 steers with calves. When 
ear corn or snapped corn is fed, the wastage of corn by the steers is 
considerably greater, and twice as many pigs may be required as with 
shelled corn. In the case of ground corn or corn-and-cob meal, only one- 
half to one-third as many pigs are needed as with shelled corn. 

The best pigs for following cattle weigh from 50 to 150 lbs., and 
when they become fat they should be replaced. Any extra grain given 
the pigs to ensure their making satisfactory gains should be fed in nearby 
separate pens before the cattle are fed, so that the pigs will not crowd 
around the feed troughs or under the wagon and team while the cattle 
are being fed. It pays to feed pigs following steers 0.2 to 0.3 lb. per head 
daily of tankage, or an equivalent amount of other protein-rich feeds, to 
balance the ration.®® 

In experiments at the Iowa Station the approximate amount of feed 
recovered by pigs from the droppings of steers full-fed on shelled corn 
was estimated by feeding similar pigs separately.®’' On studying the 
data secured from 53 separate lots of experimental cattle, it was found 
that the average pig, following 1,9 steers, picked up the equivalent of 312 
lbs. of com during the average feeding period of 120 days. On the 
average, 4.7 per cent of the cost of the feed given to the steers was 
saved by the pigs. 

1150. Shrinkage; preparation for market.— Unless cattle are 
shipped under proper conditions, the shrinkage between their weights at 
home and the selling weights on the market may be so large that it will 
eat up no small part of the profits. The shrinkage between the loading 
weights and the sale weights at the stockyards of either range cattle or 
fat cattle in transit 36 hours or less is usually about 3 to 5 per cent; 
when in transit 70 hours or over the shrinkage is 5 to 6 per cent of their 
live weight.®® In addition there will be a slight shrinkage in weight 
from the feed lot to the loading station. 

Silage-fed cattle show a larger gross shrinkage but usually fill so 
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well at market that the net shrinkage is even lower than with cattle 
fed no silage. Pulp-fed cattle shrink more than any other class. 

Well-fattened cattle shrink a smaller percentage of their live weight 
than those that are not so fat. For example, the percentage shrink of 
feeder cattle is higher than for the same animals shipped the same dis- 
tance after fattening. 

Calves that are well-fattened have no higher percentage shrinkage 
than older fat animals. In 10 comparisons steer calves shrank 3.2 per 
cent on the average; yearling steers, 3.5 per cent; and 2-year-olds, 3.6 
per cent.*^® 

The shrinkage can be reduced to a minimum by the proper handling 
of cattle before shipment and by care in loading. The cattle should be 
handled quietly and should never be driven faster than a slow walk. 
If they are hurried, they will begin to scour and will shrink unduly. The 
car should be cleaned, if necessary, and should always be well bedded, 
so the cattle will have a firm footing. If different kinds of livestock 
are put in the same car, they should be separated securely. 

Formerly, it was generally advised that feeds of a laxative nature, 
such as silage or excellent-quality alfalfa hay, should be greatly reduced 
in amount 48 hours before shipment, and that only half as much grain 
as usual should be fed during the last day. Many still prefer to feed 
chiefiy grass hay and oats during the last day or so. 

In spite of these beliefs, probably there is little or no real advantage 
in decided changes in the ration before shipment. If cattle have been 
receiving a full feed of silage, legume hay, and grain, they will lose weight 
when changed to grass hay and a reduced grain allowance. This may 
result in a smaller shrinkage per head between the weights at the loading 
point and at the market. However, this may merely be the result of a 
shrinkage that took place prior to shipment, due to the great change in 
the ration. 

If very laxative feeds have been used during fattening, such as pea- 
green alfalfa hay, it is wise to reduce the amount the day before ship- 
ment. Also, the amount of the various feeds supplied at the last feed- 
ing should be reduced, since cattle travel better when not too full. 

It is a mistake to withold salt from the cattle for a few days, and 
then salt them liberally just before shipment, so that they will take on 
a large fill of water at the stockyards. If this is done, the cattle will 
generally scour in transit, shrink heavily, and arrive in poor shape. 
Buyers both of fat cattle and of feeder cattle can easily recognize ani- 
mals which have taken on an abnormal fill, and they will discriminate 
against them by offering a lower price per hundredweight. 

When cattle reach the market just before being sold, the fill is small, 
but when they arrive about daylight of the sale day, or the afternoon of 
the day before, they generally take a good fill. 

V. Veal Production 

1161. Veal production. — Only dairy calves are commonly fattened for veal. For 
producing the highest grade of veal whole milk is the only feed generally used, for 
otherwise the desired light-colored flesh and white fat may not be produced. Further- 
»iore, growth must be pushed as rapidly as possible by liberal milk feeding and the 
calves must be marketed before the carcass takes on the appearance of beef. Calves 
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being fattened for veal should be confined in stalls that are not too roomy, 90 they 
will not exercise too much. 

1152. Milk consumption and galxm of voal calves. — In Pennsylvania tests some 
years ago calves fed whole milk alone for an average of 53 days after birth gained 

I. 85 lbs. per head daily, required 9.4 lbs. of milk for each pound of gain in weight, 
and sold for 9.7 cents per pound, live weight.so Calves fed on milk substitutes 
gained only 0.93 lb. per head daily and brought but 5.6 cents a pound, live weight. 
Feeding only a small amount of milk substitutes in place of milk injured the color 
of the carcass. 

Holstein calves fed whole milk for an average of 52 days in a recent Wisconsin 
trial gained 2.05 lbs. a day on the average, averaged 203 lbs. in live weight, required 
10.6 lbs. of milk per pound gain, and sold for an average of $11.54 per 100 lbs. on 
the Milwaukee market.ei In comparison with marketing the calves at 10 days of 
age, without fattening, each 100 lbs. of whole milk fed brought a return of $1,61, 
without making a deduction for the labor in feeding the calves. Calves weighing 
less than about 145 lbs. or more than about 215 lbs. brought a somewhat lower price 
per hundredweight than those within these live weights. 

Eecords kept on 122 calves fed for veal on Ohio farms from 1926 to 1928 
showed that the calves, which were fed for an average of 50 days, consumed a total 
per head^'of 1^0 gallons of whole milk and 10 gallons of skimmilk.62 One farmer 
fed a small amount of meal in addition to milk. Most of the calves nursed cows, 
only 20 per cent being bucket-fed. Charging whole milk at 10 cents per gallon 
when the calf nursed and at 12 cents per gallon when hand-fed, the average feed 
cost per calf was $13.79. The calves averaged 185 lbs. in weight when marketed 
and brought $25.65, leaving a net return above feed cost of $11.86. 

Where the market does not pay a premium for veal calves raised exclusively 
on milk, they can be fed a limited amount of milk supplemented with grain, or the 
whole milk can be gradually replaced with grain, as in raising calves for the dairy 
herd. With the latter method, considerable skill is necessary to feed the calves so 
they will gain rapidly and fatten, without going off feed. 

QUESTIONS 

1. Describe the usual methods of feeding beef breeding cows throughout the year 

when they are kept solely for beef production. 

2. State a satisfactory ration for wintering beef cows in the corn belt. 

3. Compare the usefulness of stover silage for wintering beef cows and for fatten- 

ing cattle. 

4. State a satisfactory ration for wintering beef cows chiefly on straw. 

5. About how much hay does it require to carry a beef cow through the winter ? 

6. How does the feeding of dual-purpose cows differ from that of cows kept solely 

for raising calves for beef? 

7. What are the most important points in the feed and care of the beef bull? 

8. What are the advantages of having beef calves born in the spring? 

9. Under what conditions is it profitable to creep-feed suckling calves? 

10, Discuss the feeding of beef calves being carried over the winter, stating the 
amount of gain that should be made under various conditions. 

II. What sort of rations should be used for wintering yearlings and older stocker 

cattle ? 

12. Discuss the raising of beef heifers, including the age at which they should drop 

their first calves. 

13. State 5 advantages and 6 disadvantages of the fattening of cattle on pasture. 

14. Discuss: (a) The quality of beef from pasture- fattened cattle; (b) the gains 

made by cattle on pasture; (c) the results secured in tests of pasture vs. dry- 
lot fattening. 

15. Is it usually profitable to feed concentrates to cattle being fattened on pasture? 

16. Discuss the feeding of a protein supplement with corn to cattle being fattened 

on grass pasture. 
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17. Describe the following methods of beef production: (a) Production of heavy, 

fat calves; (b) production of baby beef; (c) production of fat yearlings; 
(d) fattening cattle 2 years old or older; (e) fattening old range cows. 

18. Describe a method of feeding and management common on the western ranges. 

19. Discuss briefly the cost of keeping beef cows and producing beef calves up to 

weaning. 

20. How may the cost of producing beef calves be decreased? 

21. Discuss the cost of producing yearling stockers and of producing baby beeves. 

22. Summarize the information on the costs and the credits in fattening cattle. 

23. Why is good business judgment especially necessary in the fattening of pur- 

chased feeder cattle? 

24. What equipment is necessary for fattening cattle? 

25. Describe the method of getting fattening cattle on feed. 

26. Discuss the frequency and order of feeding for fattening cattle. 

27. Summarize the chief facts concerning the use of pigs to follow fattening cattle. 

28. About how much do cattle shrink that are 36 hours or less in transit to market? 

How can shrinkage be reduced to a minimum? 

29. Discuss the production of veal. 
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A Profit-making Farm Flock at Pasture 

On many farms where most of the income is derived from other sources, a flock 
of sheep would bring additional profits, since they consume much food which would 
otherwise be wasted. 



The Sheep Has Won the Title of “The Golden Hoof’’ 

Thru increasing the fertility of the pastures it grazes, this animal has won the title 
of “The Golden Hoof.” As sheep graze, their droppings are distributed more uni- 
formly than with other stock. 



Sheep Keep Lanes and Fence Corners Clean 

Most weeds are eaten readily hv sheep. They therefore help the farmer keep his 
lanes and fence corners clean. 



Lambs Bring Quick Returns 

If lambs arc properly fed concentrates in addition to their dams’ milk, they will 
be ready for market before weaning, bringing a high price and quick returns. 



CHAPTER XXXII 

GENERAL PROBLEMS IN SHEEP PRODUCTION 

I. Factors Affecting Sheep Husbandry 

1153. Sheep production in the United States. — The importance 
of the sheep industry in the United States is shown by the fact that from 
1920 to 1935 the number of sheep on farms on January first of each year 
averaged 44,900,000. The number on January 1, 1935, was estimated at 
49,766,000. These totals do not include the large proportion of the lambs 
which are bom after January 1 and are marketed within the same year. 

About two-thirds the total number of sheep are in the western range 
states and Texas, where most of them are kept under range conditions 
in bands of from 1,000 to 3,000 head. Differing widely from this type 
of sheep production, sheep raising in the rest of the country is usually 
combined with other types of farming and commonly there are only 
25 to 100 breeding ewes in each flock. Farm flocks are most numeroms 
in the North Central States and also in a section of the South including 
Kentucky, Tennessee, West Virginia, and Virginia. In this latter dis- 
trict and also in California many farmers specialize in the production 
of early lambs for marketing as fat lambs in the spring. (1270) 

1154. The farm flock. — ^Usually sheep raising is not the main 
source of income on farms where there are farm flocks, but, due to its 
particular advantages, it is combined with other farm enterprises. Sheep 
do not require expensive buildings or equipment, the foundation animals 
are relatively cheap, and under good management the flock can be in- 
creased rapidly. Sheep require but little labor during the busy summer 
season, and the cares of lambing time can be over before the rush of 
spring work begins. The wool and the market lambs provide two sources 
of income each year, and returns come quickly, for lambs may be 
marketed 9 months after the ewes are bred. While surpassed by pigs 
in economy of meat production, lambs require slightly less feed per pound 
of gain in weight than do fattening calves. 

Sheep are especially adapted to grazing on rough and hilly land, 
and therefore in the eastern states farm flocks are most common where 
much of the land is unsuited for tillage. Sheep are without equals as 
weed consumers and destroyers, for they will eat nearly all of the com- 
mon weeds and they grind their feed so finely that they destroy most 
weed seeds. A moderate-sized farm flock can often secure no small part 
of its feed from material that would otherwise be wasted. They will 
clean up the lanes, stubble fields, and fence rows, thus helping to keep 
weeds in check. Although such waste feed should be fully utilized, 
in order to cut down the cost of maintaining the flock, one should not 
rely too largely on it. Good returns cannot be expected unless care is 
taken to provide a plentiful supply of the proper kinds of feed through- 
out the year. 
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For success with sheep, it is even more essential than with other 
classes of stock that they be given careful attention, especially at certain 
seasons, as during breeding, lambing, and weaning. However, the prin- 
ciples of feeding and management are relatively simple and easily 
understood. In some districts the dog nuisance is a serious obstacle in 
raising sheep, but fortunately several states have enacted effective dog 
laws which protect the sheepman. Also, the flock may be safeguarded 
by means of fences, corrals, and trained dogs. 

Usually there should be at least 40 ewes in a farm flock in order to 
reduce the expense per head for shelter, equipment, and labor, and the 
cost of keeping a good ram. When there are proper facilities, often the 
flock can advantageously be much larger than this, but if a farm is too 
heavily stocked with sheep, the troubles from stomach worms and other 
parasites are greatly increased. For this reason, but few farm flocks 
contain more than 200 ewes. The beginner in sheep raising had best 
begin with a small flock, increasing the number as he gains experience. 

1155« Tjrpes of sheep. — The original fine-wool or Merino sheep 
were developed primarily for the production of wool and had bodies 
which, like those of dairy cows, were inclined to be angular in form. 
At the other extreme are the mutton sheep, comprising the middle- and 
long-wooled breeds, which were developed in Great Britain primarily for 
the production of meat, with wool secondary. In shape of body these 
breeds resemble the beef breeds of cattle, being blocky and compact. 
The Delaine-Merinos and the Rambouillets were developed from the 
original Spanish Merinos with the object of securing a fine-wool sheep 
that would furnish more mutton. These are of dual-purpose type, be- 
tween the two extremes in form of body. 

1166. Breeds of sheep. — It is outside the field of this volume to 
disciiss the characteristics or merits of the different breeds of sheep. 
Experiments have been conducted at several experiment stations to 
compare various breeds or to test the relative value of rams of different 
breeds for crossing on native or scrub ewes.^ These studies show, as is 
well known, that lambs of the Merino type are slower in maturing than 
those of the mutton breeds and therefore usually make smaller daily 
gains and require somewhat more feed for each pound of gain. This 
slowness in maturing may, however, sometimes be of advantage when it is 
desired to fatten lambs for the late winter market. 

Among the mutton breeds, there may be quite as much difference 
in gaining capacity and economy of gain between various strains of one 
breed as there is between the different breeds. In deciding upon the 
breed to raise, one should therefore select the breed that seems best 
adapted to his own local conditions and to the requirements of his par- 
ticular market. 

1167. Building up the farm flock. — Often the most economical 
way for a farmer to establish a flock of sheep is to buy young, thrifty 
Western range ewes of good conformation. These are commonly less 
infested with internal parasites than native eastern ewes. By the con- 
tinued use of good purebred rams of the same mutton breed, a flock of 
excellent mutton type and conformation may soon be built up that 
can scarcely be distinguished from purebreds. The lambs of even the 
first cross will show pronounced improvement in mutton characteristics. 
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If native ewes are purchased locally to start the flock, it is important 
that they be vigorous, thrifty, free from disease, and of as uniform 
breeding as possible. In certain sections, especially in the eastern states, 
native Delaine-Merino ewes can be purchased more cheaply than ewes of 
mutton type. Providing they are thrifty, they make desirable founda- 
tion stock for building up a farm flock by the use of purebred mutton 
rams.^ 

If one already has a flock of ewes, but they are of rather poor quality, 
he can make rapid improvement and thereby greatly increase the income 
from his sheep by using only a good purebred ram. For example, in ex- 
periments at the Kentucky Station^ lambs from purebred rams and native 
mountain’’ ewes averaged 72 lbs. in weight at 4 months of age, while 
lambs from a scrub ram and similar ewes weighed only 56 lbs. Similar 
striking examples of the rapid improvement made through the use of a 
good purebred ram have been reported by the Mississippi, Nevada, Okla- 
homa, North Carolina, and South Carolina Stations.^ In the North 
Carolina trials 2-year-old ewes from a purebred Shropshire ram and 
native ewes averaged 121 lbs. in weight and sheared 6.8 lbs. of good 
wool, while their dams averaged but 75 lbs. in weight and sheared only 
2.9 lbs. of poor-quality wool. 

1168. Cross breeding for the western ranges. — In early years the 
sheep on the western ranges were of Merino blood, for wool was the 
product sought. When the demand for lamb and mutton increased, rams 
of the mutton breeds were used on the range ewes to improve the mutton 
qualities of the offspring. It was found, however, that the introduction 
of mutton blood cannot go beyond a certain degree in the range flocks of 
breeding ewes. Otherwise, they will lose both their hardiness and their 
Merino herding instinct and will scatter on the range so that many are 
lost or fall prey to wild animals. A rather troublesome system of cross- 
breeding must accordingly be followed in range flocks, in order to produce 
lambs of good mutton conformation and yet retain sufficient Merino 
blood in the breeding ewes. 

To avoid this, the Corriedale breed was developed in New Zealand 
by crossing Lincoln and to a lesser extent Leicester rams on Merino 
ewes, mating the crossbreds together, and selecting the offspring with 
the desired qualities. The value of this breed for American range 
conditions is being tested by the United States Department of Agri- 
culture and various ranchmen, and there are being developed along 
similar lines American breeds: the Columbia, the Panama, and the 
Romeldale. 

1159. Lambs preferred to older sheep. — The tender, juicy, well- 
flavored meat from lambs is in much greater demand than mutton from 
older sheep, even though they are well fattened. Hence, fat lambs sell 
for a much higher price per hundredweight on the market than fat year- 
lings or older animals. For this reason and also because lambs make 
much cheaper gains than older sheep, ordinarily lambs which are not to 
be retained for the breeding flock are never carried over to the second 
year. 

Experiments in which lambs have been fattened in comparison with 
yearlings or older sheep show that lambs will make as large daily gains^ 
or nearly as large gains as older animals, in spite of the fact that they 
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consuiite considerably less feed.® Therefore their gains are much cheaper. 
For example, in a Kansas trial the feed cost of 100 lbs. gain was 56 per 
cent more for yearlings than for lambs, and in a Texas test 35 per cent 
greater.® 

For these reasons most stockmen who fatten western feeder sheep 
for the market prefer lambs. Though they cost more per hundredweight 
as feeders than do older animals, they sell for so much more when fat 
that there is usually a greater margin between cost and selling price per 
hundredweight and hence a greater profit in fattening them. Some men 
make a practice of fattening old ewes, which can often be obtained at 
low prices. Such animals require expert care and good feed. In the 
West they are often fed largely on beet pulp, as this is especially suited 
to those with ^‘broken mouths, or poor and missing teeth. 

II. Nutrient Requirements op Sheep 

1160. Nutrient requirements of sheep and lambs; feeding stand- 
ards. — Sheep are very fond of good roughage and have a high ability 
to utilize it. For these reasons their rations should consist largely of 
suitable roughage — plenty of pasturage during the growing season and 
well-cured hay and other forage in winter. SuflScient well-cured legume 
hay during the barn-feeding period will not only provide most of the 
necessary protein but also is an insurance that the sheep will receive 
an abundance of calcium and of vitamins, especially vitamins A and D. 

Good roughage alone will usually provide ample nutrients for breed- 
ing ewes in winter up to about a month before lambing. Then additional 
nutrients are needed on account of the rapid growth of the unborn lamb 
at that time, and a small amount of grain or other concentrates should 
be fed. The nutrient requirements of ewes which are nursing lambs are 
much like those of dairy cows in milk, and they need considerably more 
protein and a more liberal supply of total digestible nutrients than 
before lambing. 

In order to fatten lambs rapidly so that they will reach the desired 
degree of fatness before they become too large, it is necessary to feed 
them a liberal amount of grain or other concentrates in addition to 
plenty of good roughage. Fattening lambs make more rapid gains in 
proportion to their live weight than do beef cattle, and therefore they 
require somewhat more total digestible nutrients daily per 1,000 lbs. 
live weight. 

For detailed information on the nutrient requirements of the various 
classes of sheep, the reader is referred to Appendix Table III, which 
presents the Morrison feeding standards for breeding ewes up to one 
month before lambing, for ewes during the last month of pregnancy, 
for ewes nursing lambs, for maintaining mature sheep, and for fattening 
lambs. 

" 1161. Amount of protein. — Since wool fibers are composed of pro- 
tein, sheep need somewhat more protein than would be the case if they 
were not producing this protein product. The amounts of protein recom- 
mended in the Morrison standards are based on a study of the various 
experiments that furnish information on the protein requirements of 
the various classes of sheep. Unfortunately, but few investigations have 
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been conducted to determine definitely the minimum amount of protein 
required by breeding ewes, growing lambs, or fattening lambs. It is 
believed that the amounts advised are ample when feeds of average 
quality are used. 

When protein-rich feeds are unusually high in price, it may be most 
economical to supply somewhat less protein than recommended, though 
such rations may not give maximum production. Fattening rations for 
light-weight feeder lambs, weighing 45 to 55 lbs., should provide a some- 
what larger proportion of protein than for larger lambs which have com- 
pleted more of their growth. 

It will be noted that in the Morrison standards nutritive ratios of 
1 :6.5 to 1 :8.0 are advised for fattening lambs on full feed, depending on 
their weights. Mitchell has recommended amounts of digestible protein 
very much lower than advised in these standards.^ However, in an 
experiment by the author and Willman at the New York (Cornell) Sta- 
tion, lambs fed such a low amount of protein, in a ration otherwise pre- 
sumably adequate, failed to make good gains, went off feed repeatedly, 
and could not be brought back to a full ration.® 

1162. Quality of protein. — If sheep are fed a reasonable amount 
of good legume hay, there will be no deficiency in the quality or kind of 
protein. This is because alfalfa hay, clover hay, and presumably other 
legume hay furnish protein of excellent quality for sheep, as has been 
shown in Chapter VI. (163-154) In feeding sheep, such hay fully makes 
good any deficiencies in the quality of protein in the cereal grains and 
their by-products. 

If there is little or no legume hay in the ration, it is not wise to use 
a feed like corn gluten feed, corn gluten meal, or distillers’ corn dried 
grains as the only protein supplement. Instead, such a feed should be 
combined with a supplement that provides protein of better quality, 
like linseed meal, cottonseed meal, soybean oil meal, etc. (148) For 
sheep feeding, the protein supplements of animal origin commonly pro- 
duce no better results than such supplements as linseed meal, cottonseed 
meal, soybean oil meal, or soybeans. 

Wool is very rich in cystine, the chief sulfur-containing amino acid, 
but there is apparently no lack of cystine in ordinary rations for sheep 
that are otherwise satisfactory. For example, although certain experi- 
ments indicate that both alfalfa hay and soybeans may be low in cystine, 
nevertheless these feeds furnish protein of satisfactory quality for wool 
production. (160, 154) Oklahoma experiments also indicate that any 
ordinary balanced ration will supply ample cystine for normal growth 
of wool.® 

If sheep are fed a ration unusually low in cystine, there may pos- 
sibly be a benefit from using a protein supplement high in this amino 
acid. Thus, in an Australian test with Merino sheep, whose wool produc- 
tion is high, blood meal (a feed rich in cystine) gave excellent results as 
a supplement to pasture grass that was exceedingly low in cystine.^® 

1163. Determining whether a supplement is needed. — Since pro- 
tein supplements are generally much more expensive than the farm 
grains, it is important to know whether or not a supplement is needed 
in any particular ration. Specific information is given on this subject in 
the following paragraphs and also in later discussions. 
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When there is any doubt concerning the need of a protein supple- 
ment for a given ration, the best guide is to find whether the ration pro- 
vides suflScient protein to meet the recommendations of the feeding 
standards. It will usually pay to balance the ration according to the 
standards, unless protein supplements are unusually expensive in com- 
parison with the grains. 

The relative values of the various protein supplements are discussed 
in the following chapter. 

1164. Adding a supplement to legume hay and grain. — Numerous 
experiments have been conducted to determine whether it pays to add 
a protein supplement to various rations for fattening feeder lambs, 
especially to combinations of legume hay and grain. These trials have 
shown that when a liberal amount of alfalfa or clover hay is fed with corn 
or other grain, there is usually sufficient protein to produce very satis- 
factory gains, without the addition of any protein supplement. If 
fattening lambs are full fed both legume hay and grain, they will con- 
tinue to eat considerable hay, even during the latter part of the fatten- 
ing period. The ration is therefore more completely balanced than in the 
case of fattening calves, which often eat but little hay toward the end 
of the fattening period if full fed on grain. 

Adding a small amount of a protein supplement (0.10 to 0.15 lb. 
per head daily) to a ration of legume hay and grain for fattening lambs 
will commonly make a slight increase in the rate of gain. However, the 
increase will not average more than 0.05 lb. per head daily. The addi- 
tion of the supplement usually stimulates the appetites of the lambs 
slightly, so that they eat more total concentrates (grain plus supplement) 
than those fed only grain and hay. This may be the cause of the slight 
increase in rate of gain. 

Nearly as much feed will be required for 100 lbs, gain as on the 
unsupplemented ration. Therefore, it is doubtful whether it will ordi- 
narily pay to add a supplement to such a ration, unless one desires to 
force the lambs to make maximum gains, so as to be ready for market 
at a particular time. Otherwise, it is usually the best plan to omit the 
supplement and to lengthen the fattening period the few days that will 
be needed for the lambs to reach the desired finish. 

During the last few weeks of the fattening period, when lambs full- 
fed on corn tend to eat less hay than previously, there may be more 
advantage in adding a small amount of supplement to the ration. Also, 
it may pay to add a supplement when lambs are self-fed on corn and 
legume hay, fed separately, since they usually eat more corn and less 
hay than lambs that are hand-fed.^^ (1266) 

In 30 experiments with fattening lambs, the effect of adding a 
small amount of linseed meal to a ration of alfalfa hay and shelled corn, 
both full-fed, has been studied.^* Lambs fed an average of 0.19 lb. lin- 
seed meal per head daily gained only 0.05 lb. more than others receiving 
only bfty and com, and each 100 lbs. of linseed meal saved only 101 lbs. 
com and 81 lbs. hay. In 19 similar experiments, adding cottonseed meal 
or cake to a ration of alfalfa hay and corn likewise increased the daily 
gain only 0.05 lb. on the average, and each 100 lbs. of cottonseed meal 
or cake saved only 87 lbs. com and 114 lbs, hay.^® 

Not considering the very small increase in rate of gain produced 
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by adding a supplement to the ration of corn and alfalfa hay, each 
100 lbs. of linseed meal or cottonseed meal or cake has not been worth 
more than the equivalent of about 150 lbs. of corn in these trials. 
Usually the price of these supplements is higher than this in comparison 
with the farm price of corn in the corn belt. Therefore adding the sup- 
plement will usually increase the cost of the gains materially, and will 
generally not be profitable. 

Lambs were fed linseed meal as a supplement to com and alfalfa 
hay in Pennsylvania trials, but they were not allowed to eat any more 
total concentrates or any more hay than others fed only corn and hay.^^ 
In these trials the addition of linseed meal did not increase the rate of 
gain, as it usually does when lambs are allowed all the com they will eat. 

Probably because barley is richer in protein than corn, adding a 
supplement to a ration of barley and alfalfa hay for fattening lambs 
does not cause even as much increase in the rate of gain as adding the 
supplement to corn and alfalfa hay. Adding linseed meal or cotton- 
seed meal or cake to barley and alfalfa hay has increased the average 
gain of fattening lambs only 0.03 lb. in 25 experiments. In these trials 
each 100 lbs. of supplement has saved only 92 lbs. barley and 116 lbs. 
hay.^® Similar results have been secured, as a rule, in experiments in 
which a protein supplement has been added to a ration of alfalfa hay 
and other grains, such as oats or the grain sorghums.'® 

Red clover hay contains somewhat less protein than alfalfa hay. 
Nevertheless, adding linseed or cottonseed meal to a ration of only 
clover hay and shelled corn for fattening lambs increased the daily gain 
only 0.01 lb., on the average, in nine trials and did not decrease the 
amount of concentrates or hay required per 100 lbs. gain.'^ 

If the roughage for fattening lambs is mixed legume-and-grass hay 
or a combination of a limited amount of legume hay with non-legume 
roughage, then a protein supplement is usually needed to balance the 
ration. 

1166. Adding a supplement when silage is fed. — When fattening 
lambs are fed all the com or sorghum silage they will eat, along with a 
full feed of legume hay and corn or other grain, they will naturally eat 
somewhat less of the protein-rich hay than when hay is the only rough- 
age. However, they will generally eat 0.75 to 1.00 lb. of hay per head 
daily, if it is of good quality. This will provide enough protein to make 
good gains, but it will usually pay to add 0.15 to 0.20 lb. of a protein 
supplement to the ration. Such an addition will aid in keeping the 
lambs on feed, will increase the gains slightly, and will produce a better 
finish. Consequently, it will increase the selling price. When protein 
supplements are unusually high in price compared with grain, it may 
be most profitable to omit the supplement. 

In 12 experiments with fattening lambs, the addition of 0.16 lb. per 
head daily of linseed or cottonseed meal to a ration of alfalfa hay, corn 
silage, and corn grain increased the daily gain 0.05 lb. on the average, 
raised the average selling price by 23 cents per hundredweight, and 
increased the average net return per lamb by 37 cents.'® Not taking 
into consideration the more rapid gains or the increased selling price, 
each 100 lbs. of supplement saved 132 lbs. com, plus 114 lbs. hay and 
100 lbs. silage. 
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In six similar trials the addition of 0.16 lb. cottonseed meal per 
head daily to a ration of clover hay, corn silage, and shelled com in- 
creased the daily gain 0.03 lb., on the average, and increased the selling 
price 7 cents per hundredweight.^® Each 100 lbs. of cottonseed meal 
saved a total of 121 lbs. com, plus 63 lbs. clover hay and 50 lbs. corn 
silage. Similar results have been secured in trials where a supplement 
has been added to a ration of other grains fed with corn silage and 
legume hay.®® 

Whether or not it will pay to add a protein supplement to a ration 
of alfalfa hay, wet or dried beet pulp, and grain, will depend primarily 
on the amount of hay the lambs eat and on its quality.®^ 

1166. Salt. — Sheep show an especial fondness for salt and under 
any ordinary conditions should be furnished with it regularly. When 
sheep are accustomed to salt, it is the best plan to let them have access 
to it in suitable boxes or other containers, so they can take what they 
wish. 

Sheep consume considerably more salt per 100 lbs. live weight than 
dairy cattle or iJeef cattle. Pregnant ewes allowed access to salt during 
seven winters in Iowa trials ate slightly less than one-half ounce daily, 
on the average.®® Better results were secured from ewes receiving one- 
fourth to one-half ounce salt daily than when larger amounts were mixed 
in the ration or when no salt was furnished. For fattening lambs an 
allowance of 0.20 to 0.25 ounce per head daily is sufficient. This is 
about the amount they will usually consume when allowed free access 
to salt.®® 

On the western ranges allowances of salt equivalent to one-quarter 
to one-half ounce per ewe daily (not counting the lambs) are considered- 
reasonable.®* » Often the sheep are salted at intervals of 3 to 7 days, 
instead of daily. In the alkali districts, sometimes range sheep are 
not salted, but merely allowed to eat alkali. This is safe if the alkali 
contains 85 per cent salt.®® 

1167. Calcium and phosphorus. — Whether or not there will be 
any advantage in adding a calcium or a phosphorus supplement ta 
rations for breeding sheep or growing and fattening lambs will depend 
entirely on the amounts of these minerals supplied by the feeds they 
receive. . (161) For information on the use of calcium and phosphorus 
supplements, the reader is referred to Chapter VI. (166-171) As is 
shown later in this discussion, there is more apt to be a lack of calcium 
in rations for sheep than of phosphorus. 

Since breeding sheep and even fattening lambs consume largo 
amounts of roughage, they will receive sufficient phosphorus when fed 
plenty of good-quality roughage, unless the roughage has been grown 
on soil seriously deficient in this mineral.®® Also, the phosphorus supply 
will be ample if there is included in the ration a protein supplement, 
such as wheat bran, cottonseed meal, or linseed meal, which is rich in 
phosphorus.®^ If there is a deficiency of phosphorus in the ration, or if 
it seems wise to supply a phosphorus supplement as an insurance against 
a possible lack, one of the simple mineral mixtures recommended in 
Chapter VI may be provided. (181) 

When at least one-third of the roughage (on the dry basis) for 
sheep and lambs is legume hay or other legume forage, they will receive: 
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an abundant supply of calcium. Experiments have shown that under 
such conditions there is no benefit from adding ground limestone or some 
other calcium supplement to the ration. In experiments with pregnant 
ewes at the Iowa and Ohio Stations the addition of a mineral mixture 
supplying calcium and phosphorus to good winter rations containing 
plenty of legume hay, did not prove beneficial to the ewes or their 
lambs.^® Also, in trials with fattening lambs there has been no benefit 
from adding a calcium supplement to rations including any reasonable 
proportion of legume hay.^® 

When no legume hay is fed sheep or lambs, there may be a decided 
lack of calcium in the ration, especially where the forage is grown on 
soils very low in calcium. Adding ground limestone or some other cal- 
cium supplement will then be a decided benefit. In metabolism studies 
at the Texas Station sheep 1 to 3 years old which were fed maintenance 
rations stored calcium and phosphorus when fed legume hay, but lost 
these minerals from their bodies when they were fed non-legume 
forage.^® 

Experiments at the Kansas, Nebraska and Texas Stations show that 
a lack of calcium may be one cause of the poor results often secured 
when lambs are fattened on rations including no legume hay.^^ Fatten- 
ing lambs fed silage or ground or chopped fodder from the grain or 
sweet sorghums, with corn or sorghum grain and cottonseed meal, made 
decidedly poorer and more expensive gains than others fed alfalfa hay 
for roughage. However, when 0.25 to 0.40 ounce per head daily of 
ground limestone or pulverized oyster shell was added to the ration, 
much better results were secured. Similar results were secured in Min- 
nesota experiments in which fattening lambs were fed rations in which 
prairie hay was the only roughage.^^ 

Likewise, in Ohio trials satisfactory^ results were secured with 
breeding ewes fed only timothy hay and corn silage for roughage, when 
the hay was cut in early bloom and when there were added to the ration 
0.8 ounce of ground limestone per head daily and a sufficient amount 
of protein supplement.^® 

In certain other trials there has been an advantage from adding a 
calcium supplement to a ration containing no legume hay, while in 
others no advantage has resulted.®^ This difference in results is probably 
due to the fact that non-legume roughage varies widely in amount of 
calcium, depending on the calcium content of the soil. 

If non-legume roughage is grown on soil fairly well supplied with 
calcium, it will take relatively little legume hay to provide enough of 
this mineral for fattening lambs. For example, in a trial at the Indiana 
Station there was no benefit in adding a calcium supplement when fat- 
tening lambs were fed corn silage, corn grain and cottonseed meal, with 
a full feed of clover hay only every fifth day.®® 

Considering all the data available, it seems wise, whenever the 
roughage for sheep or lambs is only non-legume roughage grown on soils 
low in calcium, to add to the ration one-quarter ounce or more per head 
daily of ground limestone or other calcium supplement, or else to pro- 
vide free access to a mineral mixture supplying calcium. (181) The 
latter js probably the better plan, unless one is sure that there is a lack 
of calcium in the ration. If a suitable mineral mixture is supplied, the 
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sheep will then take enough to meet their needs and will not consume 
an excess. 

When there is already a liberal supply of calcium and phosphorus 
in the ration, forcing sheep to consume a calcium or phosphorus supple- 
ment may even be detrimental. For example, in the case of breeding 
ewes too liberal a supply of these minerals may even perhaps cause 
more cases of difficult lambing, because of an increase in the size of the 
skeleton of the lambs. 

1168. Iodine; other minerals. — In districts where there is trouble 
from goiter in new-born lambs, the ewes should receive iodized salt dur- 
ing at least the latter half of pregnancy. (172) Only one-twentieth grain 
per head daily of potassium iodide is sufficient to prevent goiter, and 
too large doses may be injurious.®® It is doubtful whether it is advan- 
tageous to supply fattening lambs with iodized salt in place of ordinary 
salt, except perhaps in areas where there is a decided deficiency of iodine. 
In recent California tests, however, fattening lambs supplied with iodized 
salt made mor^ rapid and economical gains than others fed ordinary 
salt.®^ 

There is no need of adding to the usual rations of sheep other min- 
eral supplements, such as sulfur, iron, copper, potash salts, etc.®® 

1169. Vitamin requirements. — Vitamin A is probably the only 
vitamin that may be deficient in any usual method of feeding and caring 
for sheep. The fact that sheep are generally outdoors and exposed to 
sunlight much of the time, even in winter, protects them against any 
deficiency of vitamin D. (191) Also, hay and other good dry roughage 
supplies this vitamin. So far as is known, there is no need of adding to 
ordinary sheep rations any special supplements to furnish vitamins B, 
G, C, and E. (196-200) 

. A large proportion of the feed eaten by sheep is roughage, even in 
the case of fattening lambs. If a considerable part of the roughage is 
early-cut, well-cured hay or other roughage high in vitamin A value 
(carotene content), there will therefore be no lack of this vitamin. (188) 
On the other hand, there will be a decided lack of vitamin A if sheep are 
fed only cereal straw, poor-quality hay, or cottonseed hulls as the only 
roughage. 

Sheep seem to have a higher requirement for vitamin A than do 
beef cattle. At least, it is more essential that they be provided with 
roughage of good quality, and such roughage is usually much higher 
than poor-quality roughage in the vitamin. While beef breeding cows 
can be wintered successfully on straw plus a small amount of a protein 
supplement, such a ration is not satisfactory ior breeding ewes. 

1170. Water, — Plenty of fresh water should always be furnished 
sheep, under all ordinary circumstances. Ewes on dry feed in the winter 
may drink as much as 1 gallon per head daily before lambing and 1.5 
gallons or more when nursing lambs. Lambs that are being fattened on 
dry ^eed will drink 1.2 to 2 quarts or more of water a day.®® When sheep 
are fed succulent feeds, such as silage or roots, they drink correspond- 
ingly less water. More water will be required in warm weather than 
when cooler, and fattening lambs will drink more as their grain allow- 
ance increases. 

Because of the danger of infestation with internal parasites, drink- 
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ing from stagnant pools must be avoided. In districts with very heavy 
dews, sheep on pasture may get along without other water, and likewise 
when they are fed large quantities of roots in winter. It is not necessary 
to waimi water for sheep in winter, but ice should be kept out of the 
troughs. They should not be forced to eat snow to satisfy their thirsty 
or digestive trouble may result. 

III. Miscellaneous Problems in Sheep Husbandry 

1171. Grinding or crushing grain. — Of all farm animals sheep are 
best able to do their own grinding, and with few exceptions they should 
be fed whole grain. Better results are usually secured from whole corn, 
oats, ordinary barley, wheat, or grain sorghums, than from the ground 
or crushed grain. Such grains should be ground only for old sheep with 
poor teeth, for young lambs up to 5 or 6 weeks of age, or perhaps when 
fattening lambs are being self-fed such a mixture as grain and chopped 
hay. 

It is wise to grind such hard seeds as hull-less barley or millet, and 
also screenings containing a considerable proportion of small weed seeds. 
If grain is prepared for sheep, it should be ground coarsely or crushed, 
instead of being ground to a fine meal, for this is not so palatable to 
them. Similarly, pea-size linseed cake or cottonseed cake is somewhat 
preferable to linseed meal or cottonseed meal for sheep feeding. 

1172. Chopping or grinding hay, fodder, or stover. — Whether or 
not it will pay to chop (cut) or grind hay for sheep will depend on the 
quality of the hay, on the manner in which it is fed, and on the price 
of the hay and the cost of such preparation. When legume hay of good 
quality is fed in suitable racks or bunks and the allowance is limited to 
the amount the sheep will clean up reasonably well, it is questionable 
whether there will usually be enough waste to warrant the expense of 
chopping or grinding it. Often the refused part can be fed to idle horses 
or cattle being roughed through the winter. With poor-quality hay there 
is more advantage in chopping or grinding. Chopping good-quality 
first-cutting alfalfa hay for breeding ewes fed the hay in a suitable rack 
did not increase the value appreciably in trials at the New York (Cor- 
nell) Station.'^® Also, in a Minnesota trial chopping sweet clover hay for 
fattening lambs was of no advantage.^^ 

When fattening lambs are fed hay (even good alfalfa hay) with 
great liberality, as is a common practice in the western states, there is 
an appreciable saving through chopping or grinding it. Chopped alfalfa 
hay has been compared with uncut hay in 23 experiments with fattening 
lambs (9 trials at the Oregon Station and 14 trials at other stations) 
The lambs fed the chopped hay did not gain appreciably more rapidly, 
on the average, than those fed the long hay, but there was a considerable 
saving in hay. They were fed 747 lbs. hay and 328 lbs. grain per 100 lbs. 
gain, in comparison with 875 lbs. hay and 333 lbs. grain for the lambs 
fed long hay. In these trials 100 lbs. of chopped hay were equal in value 
to 117.1 lbs. uncut hay plus 0.6 lb. grain. Considering the slight saving 
in grain, it may be concluded that chopping the hay increased its value 
18 to 19 per cent. 

Ground alfalfa hay has been compared with uncut hay as the only 
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roughage for fattening lambs in 9 Oregon experiments and 4 experiments 
at othfer western stations/® The lambs fed ground hay gained 0.32 lb. per 
head daily, on the average, in comparison with 0.29 lb. for those fed 
uncut hay. A considerable saving of hay and a slight saving oi grain 
were made, and 100 lbs. of ground hay were equal in feeding value to 
138 lbs. uncut hay plus 5 lbs. of grain. Similar results were secured in 
an Arizona trial in which the roughage for fattening lambs was alfalfa 
hay, ground or unground, and sorghum silage.*^ 

In these western trials as much as 16 to 28 per cent of the hay was 
not eaten by the lambs. Probably when hay of good quality is fed in 
racks that will reduce the wastage, the saving through grinding will not 
average as much as in these trials. The grinding of alfalfa hay for fat- 
tening lambs did not increase the average gains in 2 Oklahoma trials, 
even though the hay was not of very good quality.^® In these trials the 
saving of feed through grinding the hay was so slight that it was of 
doubtful economy. 

If hay is ground for sheep, it should not be ground too finely, as 
such a product is very dusty. 

When self-feeders are used for feeding grain to fattening lambs, 
often a mixture of cut or ground hay and ground ^ain is self-fed, 
instead of grain and hay separately, in order to lessen digestive disorders 
and reduce the death losses. (1266) Feeding a mixture of cut or ground 
hay and grain may also be advisable when lambs are fattened rapidly 
by hand-feeding them as much grain as possible. Except when lambs 
are being thus forced, the use of such mixtures is not advantageous.^® 

In 3 Nebraska trials the death loss was considerably less and the 
gains were more rapid and economical with lambs hand-fed a mixture of 
alfalfa meal, shelled or ground com, and linseed meal than in the case 
of others fed long alfalfa hay and a very liberal amount of the concen- 
trates separately.^^ Merely considering the amounts of feed required per 
100 lbs. gain, each 100 lbs. of alfalfa meal was equal in feeding value to 
144 lbs. of long alfalfa hay plus 7 lbs. of concentrates. 

Whether it will pay to chop or shred dry corn fodder or stover or 
sorghum forage for sheep will depend on the proportion they would 
waste if the roughage were fed uncut, and also on the cost of such 
preparation. In a Texas test chopping sorghum hay for fattening lambs 
slightly increased the gains and saved one-third the hay, while in Colo- 
rado and Oklahoma trials it did not pay to chop sorghum hay or fodder 
or Sudan hay for lambs.^® 

1173. Shelter. — Sheep are so well protected from cold by their 
fleeces that they do not need warm shelter. Even in the northern states 
one thickness of matched boards will make a barn or shed sufficiently 
warm, except for winter lambs. In the drier sections of the West often 
no winter shelter is provided other than a windbreak to protect the sheep 
from cold winds and driving storms. If they are kept dry, sheep will 
stand a great degree of cold with no harm. On the other hand, too-warm 
quarters are injurious, for sheep sweat badly in winter when kept in a 
bam sufficiently warm for dairy cows, and they are then apt to catch 
cold. 

' Ample ventilation is of great importance, but drafts should be 
avoided. With sheep it is more important than with other livestock that 
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they be kept dry as to coat and to feet. Neglect of either of these essen- 
tials is apt to result disastrously. Stone basements are usually unsatis- 
factory for sheep on account of dampness, and if used, good ventilation 
is especially necessary. Damp walls are a sure indication of lack of 
ventilation. Even in the South sheep should be protected from winter 
rains. 

Sunlight, good drainage, and conveniences for feeding are the other 
requisites of a good sheep barn. From 12 to 18 square feet of ground 
space, not including feed racks, should be provided for each ewe. The 
doorways should be wide, lest the animals sulfer injury when all attempt 
to rush through at once, in true sheep fashion. 

In late spring and early summer the flock should be sheltered from 
cold rains, if possible, for exposure is dangerous, especially to young 
lambs. In summer, if there is no natural shade in the pastures, a movable 
shelter should be provided for shade, or the flock should have access to 
a darkened but well-ventilated shed. A fringed curtain of cloth or sack- 
ing through which the sheep may pass, will keep back flies from this 
retreat. 

Fattening lambs or sheep have an excess of heat on account of their 
liberal rations and therefore need less shelter than breeding ewes. A 
well-bedded shed, opening to the east or south into a well-drained yard, 
is ideal for winter shelter, except in the extreme northern states. In 
experiments during 5 years at the Indiana Station lambs thus sheltered 
made as rapid and as cheap gains and returned more profit than others 
housed in a well-ventilated barn.**® In 3 trials at the Wisconsin Station, 
where the winters are more severe, lambs housed in a well-ventilated barn 
and turned out for exercise daily gained 0.395 lb. a head daily in com- 
parison with 0.386 lb. for others housed in an open shed, partly boarded 
up to provide additional protection.^® The average cost of feed per 100 
lbs. gain was only 4.6 per cent higher for the latter lambs. 

In the lamb-feeding districts of the plains states and westward, no 
shelter is usually provided for fattening lambs, except perhaps a wind- 
break. Any slight saving in feed through providing sheds is not sufficient 
to justify the expense. In Nebraska and Idaho tests, providing an open 
shelter did not increase the gains or decrease the feed required per 100 
lbs. gain.®^ In 3 trials in eastern Oregon lambs having access to an open 
shed made slightly larger gains than others fed in a yard with no shelter, 
and required 3 per cent less feed for 100 lbs. gain.®^ Where there is 
considerable rainfall or snowfall in winter, a shed may make more saving 
in feed. For example, in a Missouri trial yearling wethers fed in a yard 
without shelter required 19 per cent more feed than others whieh had 
access to a bam.®^ 

1174. Feed troughs and racks. — Grain and roughage should be 
fed separately to sheep, except when a mixture of grain and chopped or 
ground hay is used for fattening lambs. (1171) Grain troughs should 
have a wide, flat bottom, forcing the sheep to consume the grain slowly. 
Hay racks should be so built that chaff and seeds will not fall upon the 
necks of the sheep and injure the quality of the wool. Combination grain 
and hay racks are convenient and satisfactory, if properly constructed. 
About 15 to 18 inches of linear feed trough and rack space should be 
provided for each ewe and 12 to 15 inches for each fattening lamb. The 
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use of self-feeders for fattening lambs is discussed in Chapter XXXII. 
(1265) 

1176. Exercise. — ^Abundant exercise is essential for breeding ewes 
in winter, to insure strong, healthy lambs. The ewes should have access 
to a dry, sunny yard, well protected from wind and storm. To force 
them to exercise on all fair days, roughage may be scattered in small 
bunches over a nearby field. If the snow is deep, paths should be broken 
out with snow plow or stone boat. On stormy days the sheep should 
remain indoors, for wet fieeces dry but slowly in winter. 

For fattening lambs or sheep it is preferable to limit the exercise. 
Fattening lambs when closely confined may make slightly more econom- 
ical gains than those allowed a reasonable amount of exercise in a small 
outside lot, but they may possibly be more apt to suffer from overeating 
disease, or digestive troubles. 

1176. Yield of dressed carcasses; shrinkage in shipment. — Slaugh- 
ter tests conducted in connection with the feeding experiments at various 
experiment stations show that the lambs have usually yielded 47 to 51 
per cent of dressed carcass, based on the market weights. The prime 
grades of unshorn fat lambs will dress slightly higher than this, and very 
fat sheep or lambs may dress 60 per cent or even more. Such fat car- 
casses are very wasteful, however, and do not meet the demands of the 
market. 

The shrinkage of fat lambs on shipment to market will vary widely^ 
depending chiefiy on the distance and the time in transit. Tests at vari- 
ous experiment stations show that the shrinkage on shipment for less 
than 150 miles will usually range from 4 to 7 per cent, and for greater 
distances may be as high as 8 to 10 per cent or even higher. 

There is generally no need to make any decided change in the ration 
fed fattening lambs before shipment. It may be advisable to reduce the 
amount of grain somewhat the day before shipment, buf the lambs may 
be allowed the usual amount of roughage. Oats are an excellent feed 
for sheep in transit, as they are bulky and not laxative. When sheep are 
marketed off pasture, especially rape pasture, shrinkage from scouring 
may be avoided by giving them hay or other dry feed for a day or two 
before shipment. 

1177. Wool production. — The composition and structure of wool 
have been discussed in Chapter VIII. (260-251) It has also been there 
shown that adverse conditions, such as sickness, undue exposure, or a 
decided lack of feed, will not only decrease the yield of wool but will 
also injure its quality. 

By proper culling of the fiock of breeding ewes and using the weight 
and quality of the individual fieeces as one basis of selection, a marked 
improvement can be made in the yield of wool from the fiock.®^ The 
first year's fleece of a ewe is usually a less reliable index of the fleece 
weight during succeeding years than the fleece of the second or third year. 

The tendency in the case of certain breeds to place undue emphasis 
on wool covering over the face, ears, and legs is undesirable.®® The 
greater the number of characteristics on which a breeder attempts to 
base his selection of breeding stock, the greater are his difficulties in 
making uniform improvements. It is therefore wise to base the selec- 
tion on characteristics which are of basic economic importance. 
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To prevent injury to the wool, feeding racks should be so con- 
structed that seeds and chaff will not lodge on the neck and shoulders 
of the sheep. The feed lot or bam must be kept well bedded, so that 
the wool will not become soiled. 

1178. Shearing sheep. — Formerly, it was the common practice in 
many districts to wash sheep before shearing, by driving them repeatedly 
through a stream or by holding them in the water and squeezing the 
dirt out by hand. This removes most of the suint and dirt but does 
not remove much of the wool fat. Such washing is of no benefit to the 
manufacturer, for the wool must in any event be scoured to remove the 
wool fat before it can be used, and the washing does not improve the 
quality of the wool or reduce the cost of scouring. The price a manu- 
facturer pays for any lot of wool is based entirely on the estimated 
yield and quality of the scoured wool. The shrinkage of wool in scour- 
ing ordinarily ranges from 30 to 80 per cent, being highest for fine- 
wooled sheep. 

In the corn belt and eastward sheep are usually shorn between the 
middle of April and the middle of May, when the weather has become 
settled and there have been a few days too warm for the comfort of 
unshorn sheep. The yolk has then risen into the wool in sufficient quan- 
tity to make it ‘‘full of life^’ and to make shearing easy. If shearing 
is delayed too long, the wool becomes dead and lifeless, the sheep suffer 
from the heat and are troubled more with maggots about the breech, 
due to the wool becoming foul. Sheep should not be shorn when the 
fleeces are wet or even damp. The fleeces should always be tied with 
paper twine or a strand made from the wool. Binder twine or sisal 
twine should never be used, as the fibers adhere to the wool and cannot 
be dyed uniformly with the wool. 

Though it is not of practical importance, it is of interest to note that 
where the climate is mild in summer, sheep may remain healthy when 
not shorn for a long time. In Washington tests a wether was first shorn 
when over 5 years old, the fleece weighing 76 Ibs.^® The wether had as 
good a frame as its mate, shorn regularly, but was 20 lbs. lighter in body 
weight. In hot climates sheep are often shorn twice a year, producing 
somewhat more wool under this system.®^ 

Lambs and sheep that are to be fattened for market are often shorn 
either before being placed on feed or during the early part of the fatten- 
ing period, for the purpose of stimulating their appetites and making 
them more comfortable. This practice is followed especially when the 
animals are on feed late in the spring and the weather becomes warm. 
Unless the weather is so warm that they would be uncomfortable if 
unshorn, lambs or other sheep that are shorn will not usually make 
materially larger or more economical gains than when unshorn.®® They 
should never be shorn during cold weather, unless good shelter is available. 

Before shearing fattening lambs or sheep, one should find the prob- 
able difference in price between fat shorn and unshorn sheep, and also 
know about how much wool he will secure by shearing and the price it 
will bring. Often shorn sheep sell for so much less than those which 
are unshorn, that shearing is unprofitable, even though it may cause the 
animals to make a trifle more economical gains. On the other hand, a 
person who is posted on market conditions cannot infrequently make 
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a good profit by shearing the sheep before they, are sold. If shorn, more 
sheep can be shipped in a car. 


QUESTIONS 

1. State some of the important advantages of sheep production under farm con- 

ditions. 

2 . Give an example of the improvement that can be made by the use of a purebred 

ram on common ewes. 

3. Why must some Merino blood be retained in the docks on the Western ranges? 

4. Why are lambs that are not to be retained for the breeding flock practically 

never carried over to the second year? 

5. Compare the nutrient requirements of pregnant ewes and of ewes nursing lambs. 

6. Discuss the nutrient requirements of fattening lambs, considering proportion of 

protein and amount of total digestible nutrients. 

•7. Of what importance is quality of protein in sheep feeding? 

8. Discuss the addition of a protein supplement to a ration of grain and aliaifa 

hay for fattening lambs. 

9. Should a protein supplement be added to a ration of corn silage, legume hay, 

and. corn or other grain for fattening lambs? 

10. Discuss *1;he i^lt requirements of sheep. 

11. Under what conditions should a calcium supplement be added to sheep rations? 

12. When is a phosphorus supplement needed for sheep ? 

13. Discuss the use of other mineral supplements for sheep. 

14. Of what importance are vitamins in sheep production? 

15. Discuss the water requirements of sheep. 

16. Under what conditions should grain be ground for sheep? 

17. Discuss the chopping and grinding of hay for sheep. 

18. Discuss the requirements of sheep for shelter. 

19. Compare the requirements of breeding ewes and of fattening lambs for exercise. 

20. What is the usual dressing percentage of fat lambs? What precautions should 

be taken in preparing fat lambs for shipment? 

21. On what basis would you cull a flock of breeding ewes? 

22. Discuss the shearing of sheep and of fattening lambs. 
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CHAPTER XXXIII 


FEEDS FOR SHEEP 

I. Grains and Other Concentrates Low in Protein 

Most of the feeding trials with sheep at the various experiment 
stations have been conducted with fattening lambs, rather than with 
breeding ewes or with lambs during the suckling period. The following 
paragraphs, which discuss the value of various feeds for sheep, must 
therefore be based largely on the results of the experiments with fatten- 
ing lambs. Further information on efficient rations for breeding ewes, 
young lambs, and also fattening lambs is given in the next chapter. 

In the discussions of the experiments with fattening lambs, where 
the weight of the lambs and the duration of the fattening period are 
not stated, it may be assumed that western lambs weighing 55 to 65 lbs. 
were generally used, and that the feeding period covered from 12 to 
15 weeks. 

1179. Indian corn. — Corn is the grain used most commonly for 
fattening lambs in the United States as far west as Colorado, beyond 
which barley and wheat are more commonly fed. (512) It is also widely 
used as part of the concentrates for breeding ewes and young lambs. 

Since legume hay is rich in protein of good quality and also in cal- 
cium, as well as being high in vitamins A and D, it admirably supple- 
ments com and the other grains. (358) On account of its excellence, 
the ration of com grain and alfalfa or clover hay is a standard for 
fattening lambs and sheep over a large part of our country. In this 
chapter other rations are compared, so far as possible, with this success- 
ful combination. It has been shown in the previous chapter that it is 
not necessary to add any protein supplement, such as linseed or cotton- 
seed meal, to a ration of grain and legume hay for fattening lambs. 
(1164) Although the gains will be a trifle more rapid when a small 
amount of such a supplement is fed, the addition of the supplement will 
generally be uneconomical. 

To show the possibilities of the ration of corn grain and legume hay 
for fattening lambs, there are averaged in the table on page 751 the re- 
sults from 12 experiment stations with 44 lots, including a total of 1,171 
lambs, fed experimentally for periods averaging 80 days on a liberal 
allowance of shelled corn (1.1 lbs. a head daily or more, on the average) 
with alfalfa or clover hay for roughage. The results are also presented 
for 43 experiments in which a total of 2,300 lambs were fed for an 
average of 97 days on a limited allowance of shelled com (average of 
less than 1.1 lbs. a head daily) and all the alfalfa or clover hay they 
would eat. 

The lambs fed the liberal allowance of com ate 1.3 lbs. com and 
1.4 lbs. alfalfa hay and gained 0.34 lb. per head daily. For each 100 
l\)&, gain in weight they consumed 387 lbs. corn and 418 lbs. hay. The 
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Com and legume hay for fattening lambs 

Feed for 100 

Initial Daily lbs. gain 

Average ration weight gain Com Hay 

Lbs. Lbs. Lbs. Lbs. 

Corn allowance liberal 
Shelled com, 1.3 lbs. 

Alfalfa or clover hay, 1.4 lbs 63 0.34 387 418 

Com allowance limited 
Shelled corn, 0.9 lb. 

Alfalfa or clover hay, 2.3 lbs 62 0.31 305 727 

lambs fed the limited allowance of corn, with all the legume hay they 
would eat, gained only a little less rapidly (0.31 lb. per head daily), 
because of the good quality of the hay fed in the experiments. For each 
100 lbs. of gain these lambs required 305 lbs. com and 727 lbs. hay. 

From the averages given in this table, one may readily calculate the 
cost and possible profits of fattening lambs on such a ration under 
reasonably favorable conditions. It should be borne in mind that in 
these experiments thrifty lambs were fed by experts. In the commer- 
cial fattening of lambs the average rate of gain will usually be somewhat 
less and the amount of feed required per 100 lbs. of gain will often be 
somewhat higher. 

The richness of yellow corn in vitamin A probably does not make 
it superior under usual conditions to white com for sheep feeding, for 
sheep generally receive hay and other roughage that is richer in vita- 
min A. (511) 

1180. Cora requires supplement. — Numerous experiments have 
proved that fattening lambs will not make rapid or economical gains 
when they are fed only corn and non-legume roughage, without a pro- 
tein supplement. For example, in 7 tests lambs fed com with timothy 
or prairie hay, without any supplement, gained an average of only 0.19 
lb. per head daily, in comparison with 0.32 lb. for others fed com and 
clover or alfalfa hay.^ The lambs on the unbalanced ration required 
46 per cent more com and 15 per cent more hay for each 100 lbs. gain 
than those fed the balanced ration of com and legume hay. 

In 4 other trials the addition of 0.2 lb. linseed meal or cottonseed 
meal to a ration of corn and timothy hay increased the gain from 0.23 
lb. per head daily to 0.30 lb. and also made a large saving in the amount 
of feed required per 100 lbs. gain.^ On the average, each 100 lbs. of 
protein supplement saved 186 lbs. com and 173 lbs. hay, without con- 
sidering the advantage of the more rapid gains. In these trials still 
better results would probably have been secured if a calcium supplement 
had also been added to the ration of corn and timothy hay. 

1181. Cora as the only grain. — ^When fed in a properly-balanced 
ration, com can be used successfully as the only grain for breeding ewes 
in winter, providing the allowance is limited so the ewes do not become 
too fat. However, shepherds quite generally prefer for this purpose 
more bulky mixtures, such as are mentioned in the next chapter. (1240) 

In the com belt, corn is extensively fed as the only grain to fatten- 
ing lambs, after they are safely on feed. For fattening lambs which 
^re hand-fed it gives excellent results when thus used, if it is properly 
balanced by fee<^ supplying plenty of good-quality protein and of cal- 
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cium. When lambs are self-fed com, some bulky feed like chopped hay 
or oats should be mixed with it to lessen digestive troubles, which may 
cause serious death losses. (1265) 

Even in the hand-feeding of fattening lambs it may also be safer 
to mix such feeds with the corn, if they are being forced as rapidly as 
possible on all the grain they can be induced to eat. In these cases such 
a combination as 2 to 3 parts corn and 1 part oats, by weight, is excel- 
lent. Where lambs are not forced so rapidly, there is no advantage in 
mixing such a feed as oats with the corn. (1185) 

1182. Feeding corn in various forms. — Corn grain is usually fed 
to sheep and lambs in the form of shelled corn or as ear corn. Experi- 
ments have shown clearly that there is usually no advantage in grinding 
[^helled corn or in grinding ear corn for sheep, with the following excep- 
tions:® (1) For sheep with poor teeth, (2) for young lambs up to 5 or 
6 weeks of age, and (3) when fattening lambs are being self -fed such a 
mixture as com grain and chopped hay, or even when they are being 
hand-fed .all of such a mixture that they can be induced to eat. (1172) 
Usually hand-fed lambs will make slightly more rapid and economical 
gains on shelled corn than on ground corn. Likewise, ear corn or broken 
ear corn has given as good or even better results than com-and-cob meal. 
Corn ground coarsely is preferable to fine meal for sheep or lambs. 

For fattening lambs ear corn or broken ear com has produced just 
as rapid gains on the average, in 9 trials as shelled corn, when each was 
fed as the only grain.^ Also, the cost of feed per 100 lbs. gain was slightly 
less for the lambs fed ear corn. 

Sometimes fattening lambs are fed shock corn, ears and all, usually 
being given a small amount of shelled com or other grain at first, until 
they learn to husk the com ears. In an Illinois trial lambs thus fed 
shock com and clover hay gained 0.25 lb. per head daily, in comparison 
with 0.29 lb. for others fed shelled corn and clover hay, and required 
62 lbs. more com grain and 43 lbs. less hay per 100 lbs. gain than the 
lambs fed shelled com.® Very satisfactory results were secured in a 
Michigan trial in which lambs were fattened on a ration of shock corn, 
linseed meal, and alfalfa hay, or on these feeds plus corn silage.® In 
another Michigan test ground shock corn was unsatisfactory for fatten- 
ing lambs, probably because they were forced to eat too much of the 
com stalks."^ 

Both ear com and shock corn are better suited for feeding on a 
thick sod than in a dry lot or bam, for they may be scattered on the 
sod so that each lamb will have an equal chance to feed, and little will 
be wasted. In the lot or bam, lambs are apt to drop the ears where they 
become soiled, or tq bunch them up in the trough so that each lamb does 
not get its share. 

Fattening lambs in the com field, which is a common practice in 
some localities, is discussed in the next chapter. (1268) 

• 1183. Hominy feed. — This corn by-product, which closely resem- 
bles com grain in composition, is about equal to shelled corn for sheep 
feeding. (519) In 6 trials with fattening lambs hominy feed has been 
directly compared with shelled com when fed with legume hay (with 
cjorn silage and linseed or cottonseed meal in addition in certain of the 
tests).® The rate of gain was practically the same on the two feeds, the 
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lambs fed hominy feed gaining 0.01 lb. less on the average. Also, the 
amounts of feed required per 100 lbs. gain were nearly identical on 
hominy feed and on shelled corn. 

1184. Barley. — North of the corn belt and especially in the west- 
ern range district, barley is used extensively for sheep feeding. (551) 
It is a very satisfactory grain for growing or fattening lambs and for 
breeding ewes. Numerous experiments have been conducted by the 
experiment stations to compare the value of barley and com when fed 
as the only grain to fattening lambs. The following table summarizes 
the results of 29 trials, averaging 94 days in length, in which good-quality 
barley was compared with shelled corn when fed with alfalfa hay to 
lambs averaging 62 lbs, in weight at the start 


Barley vs, corn for fattening lambs 


Average ration 
Lot I, total of 1,309 lambs 
Whole barley, 1.0 Ib. Alfalfa hay, 2.4 lbs 

Lot II, total of 1,310 lambs 

Shelled corn, 1.0 lb. Alfalfa, 2.4 lbs 


Daily 

Feed for 

100 lbs. gain 

Rain 

Grain 

Hay 

Lbs. 

Lbs. 

Lbs. 

0.30 

343 

804 

0.31 

318 

762 


In these numerous trials the lambs fed whole barley made nearly 
as rapid gains as those fed shelled corn, but they required 25 lbs. more 
grain and 42 lbs. more hay for 100 lbs. gain. Not considering the 
slight difference in rate of gain, 100 lbs. of barley were equal in feeding 
value to 92.7 lbs. com minus 12.2 lbs. alfalfa hay. From these figures, 
one can readily compute the relative percentage value of barley com- 
pared with com at local prices. For example, with shelled com valued 
at twice as much per ton as alfalfa hay, barley would be worth 87 per 
cent as much per ton as corn. 

In 10 other trials whole barley has been compared with shelled 
corn for fattening lambs when fed with alfalfa or clover hay and com 
or sorghum silage, with or without a protein supplement, and in 13 
trials^^ these two grains have been compared when fed with alfalfa hay 
and a small amount of linseed meal or cottonseed cake. The results of 
these trials agree identically with those presented in the preceding table, 
barley being worth 87 per cent as much per ton as corn, on the average, 
not considering the fact that the barley-fed lambs gained .02 lb. less per 
head daily than the corn-fed lambs. 

These 52 experiments therefore show that under average conditions 
good-quality barley is worth about 87 per cent as much per ton as shelled 
corn of equal quality. Usually it will take lambs fed barley 3 to 6 days 
longer to reach a certain degree of fatness than it will corn-fed lambs. 

Although barley contains somewhat more protein than com, it is 
relatively low in it, and therefore the ration should be balanced by feed- 
ing legume hay or by adding a protein supplement. It is not generally 
profitable to add a supplement to a ration of barley and legume hay for 
fattening lambs, for the ration already has enough protein to produce 
rapid gains. (1164) 

Barley produces about as satisfactory results when fed as the only 
grain as when it is fed in combination with corn to fattening lambs.^* 
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Light-weight barley and that with a large proportion of hulls is worth 
considerably less than plump, heavy barley. Barley damaged by scab 
gave satisfactory results with fattening lambs in an Illinois trial and 
was not unpalatable.^^ (603) 

Numerous experiments have shown that for fattening lambs or for 
breeding ewes it does not usually pay to grind or roll barley, with the 
possible exception of the hard bald or hull-less barley.^^ Fattening lambs 
fed ground or rolled barley have usually gained less rapidly and required 
slightly more feed per 100 lbs. gain than those fed the whole grain. 

1186. Oats. — This grain is well liked by sheep and is extensively 
used for the breeding flock, for young lambs, and for starting fattening 
lambs on feed. (628) On account of its bulky nature, it is one of the 
safest feeds to use for this last purpose. (1260) Commonly, when oats 
are thus used, the proportion is reduced gradually as the feeding pro- 
gresses. After the lambs are on full feed, the oats are usually omitted 
or only a small proportion is fed, along with heavier grains, such as corn 
or barley... However, good-quality, heavy-weight oats may be successfully 
fed as the only grain throughout the fattening period. When this is 
done, the lambs should be given all the oats they will eat, after they are 
safely on full feed, for it must be borne in mind that oats are much less 
concentrated than corn or barley. 

In 6 trials at the Indiana Station lambs were fed on the average 
1.7 lbs. oats per head daily, along with 0.16 lb. cottonseed meal, 0.8 lb. 
clover hay, and 0.9 lb. corn silage.'® Other lambs fed shelled corn in 
place of oats, ate only 1.1 lbs. corn, with 0.15 lb. cottonseed meal, 1.2 lbs. 
clover hay, and 1.2 lbs. silage. The oat-fed lambs gained 0.30 lb. a day, 
in comparison with 0.28 lb. for those fed com, and they reached just 
as good a finish as the corn-fed lambs. In these trials, considering the 
saving in consumption of hay and silage by the oat-fed lambs and also 
their greater gains, each 100 lbs. of oats were equal in feeding value to 
the same weight of com. It was found that lambs can be put on a full 
feed of oats in less than half the time it takes to get them on a full feed 
of com. 

. In experiments where lambs have been fed approximately equal 
amounts of oats or of com, the lambs fed oats have gained less rapidly 
than those receiving corn, and oats have been worth decidedly less per 
ton than com. In 12 tests of this kind lambs fed oats as the only grain 
gained 0.33 lb. per head daily, in comparison with 0.37 lb. for those fed 
com, and the oat-fed lambs required somewhat more feed per 100 lbs. 
gain.'® Not considering the less rapid gains on oats, each 100 lbs. of 
this grain equalled in feeding value only 85.4 lbs. com minus 0.3 lb. pro- 
tein supplement and 10.5 lbs. hay or hay equivalent in hay and silage. 
With com at $20, protein supplement at $40, and hay at $10 per ton, 
oats were worth about 80 per cent as much as com in these trials. In 
certain Montana trials oats have been about equal to shelled com and 
supefior to barley for lambs fed wet beet pulp and alfalfa hay, but in 
other Montana tests oats have been worth about 90 per cent as much 
as barley.'^ 

When fattening lambs are self-fed or when they are hand-fed all 
the grain they will eat, oats are an excellent grain to use as part of the 
mixture, on account of their bulk. (1266) However, under other condi- 
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tions it is not generally profitable to include oats in the grain allowance, 
after the lambs are on full feed, unless oats are cheaper per ton than 
corn or barley.^® 

It is unnecessary to grind oats for sheep. On the average, fattening 
lambs have made more rapid and economical gains on whole oats than 
on ground oats.^® Sheaf oats may be fed to breeding ewes in the winter, 
thus saving the expenses of threshing. 

1186. Wheat. — ^Wheat is an excellent grain for sheep feeding, but 
it is not commonly used for this purpose unless unusually low in price 
or of too poor quality for milling. (537) Wheat that is frosted or other- 
wise unsuited for milling is usually almost as valuable as high-grade 
wheat for sheep. Durum wheat and common wheat have about the same 
feeding value. 

Though wheat is an excellent feed for fattening lambs, for some 
unexplained reason its value for lambs in comparison with that of com 
is somewhat less than for fattening cattle or for pigs. While wheat is 
fully equal to corn for fattening cattle and is definitely superior to 
barley, wheat is worth only 'about 83 per cent as much as corn for fatten- 
ing lambs and is about equal to barley. 

Whole wheat has been directly compared with shelled corn in 18 
trials with fattening lambs fed alfalfa or clover hay.®® The lambs fed 
wheat gained an average of 0.28 lb. per head daily, while those fed com 
gained 0.31 lb. Also, the wheat-fed lambs required 394 lbs. wheat and 
699 lbs. hay per 100 lbs. gain, in comparison with only 357 lbs. corn and 
640 lbs. hay for those fed corn. Considering only the feed required per 
100 lbs. gain and not the difference in rate of gain, 100 lbs. of wheat 
were equal to 90.6 lbs. shelled corn minus 15.0 lbs. hay. With com at 
twice the price of hay per ton, this would make wheat worth 83 per cent 
as much per ton as corn. 

Wheat and barley, fed with alfalfa hay as roughage, have been com- 
pared in 11 trials.®^ The lambs fed wheat made practically as rapid 
gains as those fed barley, on the average, and required about the same 
amounts of grain and hay per 100 lbs. gain. 

Because wheat is not high in protein, it gives the best results when 
fed with legume hay. While it gives satisfactory results when fed as the 
only grain to fattening lambs, even better results seem to be secured 
when wheat is fed in combination with shelled corn, whole barley, or 
grain sorghum.®® Lambs like such mixtures a little better than wheat 
alone, and there is sometimes less trouble with them going ‘‘off feed.’’ 

Experiments have shown that it does not usually pay to grind or 
crush wheat for sheep.®® Indeed, the ground or crushed grain is less 
palatable to them and in the case of fattening lambs will usually produce 
less rapid and less economical gains than whole wheat. 

1187. Sorghum grain. — In the southern plains states the various 
grain sorghums are of much importance for sheep feeding. (565) Exten- 
sive experiments have shown that the threshed grains of all the grain 
sorghums are about equal to shelled corn in feeding value for sheep. 
Milo, kafir, and feterita grain were compared with shelled com for 
fattening lambs in 5 experiments at the Texas Station.®^ There was no 
appreciable difference between any of these and corn in the rate of gain 
or in the feed required per 100 lbs. of gain. Similar results have been 
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secured in other experiments in which kafir, darso, and Atlas sorghum 
grain have been compared with corn for fattening lambs.*® 

Several tests have shown that it does not pay to grind the sorghums 
for sheep.*® Neither is it necessary to thresh or grind the grain sorghum 
heads for sheep. The heads of unthreshed grain sorghum have proved 
equal to the threshed grain in feeding value, considering the actual 
amount of grain contained, and have produced practically as rapid 
gains on fattening lambs.*^ In wet weather there may, however, be con- 
siderable waste in feeding the unthreshed heads. 

The seed of the sweet sorghums is apparently of slightly lower 
value for sheep than that of the grain sorghums, being worth 82 to 88 
per cent as much as shelled com for fattening lambs in tests at the 
Texas Station and 80 per cent as much as wheat in a Kansas trial.*® 

1188. Bye. — Bye is apparently liked better by sheep than by most other 
stock. (661) When fed as the only grain to fattening lambs it was fully equal 
to barley or wheat in a Minnesota trial and to wheat in Nebraska experiments.^# 
In these trials rye, fed as the only grain, produced about as good results as a mix- 
ture of half^^rye and half barley, corn, or oats. There is no advantage in grinding 
rye for sheep. * 

1189. Beet molasses; cane molasses. — In the western beet-sugar 
districts beet molasses is often used for sheep feeding, especially for 
fattening lambs, and in other districts cane molasses is sometimes fed to 
sheep. (641, 642) Beet molasses and cane molasses probably have about 
the same value for sheep, when containing equal percentages of sugar. 
In Colorado and Iowa tests with fattening lambs beet molasses was 
worth somewhat more than cane molasses, Wt the cane molasses used 
was lower in sugar and higher in water than the beet molasses.®® 

Molasses has the highest value for fattening lambs when not more 
than one-third to one-half pound per head daily is fed. It then serves 
as an appetizer and usually increases the rate of gain slightly. It does 
not produce satisfactory gains when used as an entire substitute for 
grain. In 16 trials lambs fed an average of 0.38 lb. beet molasses a day 
in addition to grain and alfalfa hay, with or without linseed meal and 
corn silage, gained 0.34 lb. per head daily, in comparison with 0.32 lb. 
for others which received a full feed of grain, but no molasses.®^ Each 
100 lbs. of molasses saved 58 lbs. of grain, 1 lb. linseed meal, 45 lbs. hay, 
and 5 lbs. silage. With feeds at usual prices, 100 lbs. of beet molasses 
were equal in value to about 84 lbs. of grain, not considering the slight 
advantage in rate of gain for the molasses-fed lambs. 

To compare a concentrate mixture containing cane molasses for fat- 
tening lambs with one containing no molasses, tests were made at the 
Wisconsin Station with hand-fed and self-fed lambs.®* Lambs fed a mix- 
ture containing ground com, ground oats, wheat bran, linseed meal, 
iodized salt, and 10 per cent of molasses, with alfalfa hay and corn silage 
for roughage, gained only 0.02 lb. more per head daily than those fed 
a similar mixture, except that it contained no molasses. On the basis of 
the amounts of feed required per 100 lbs. of gain, the molasses was worth 
considerably less than com, on the average. 

Where a small amount of molasses is fed as an appetizer or to get 
lambs to clean up rather inferior hay or other dry roughage, it may have 
a higher value than grain per pound. In an Indiana trial when 0.15 lb. 
cane molasses was added to the excellent ration of shelled corn, cotton- 
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seed meal, clover hay and com silage, there was no significant increase 
in the rate of gam and the molasses was equal to com in feeding value.** 
Molasses is usually poured in the grain troughs as a “broad ribbon” or 
is mixed thoroughly with cut hay or straw. In feeding molasses to fat- 
tening lambs, care must be taken that their wool does not become smeared 
with molasses. 

1190. Dried beet pulp; dried molasses-beet pulp. — These by-products of beet 
sugar manufacture are often economical substitutes for grain in the western states.** 

(664) In 10 experimei)ts lambs fed a mixture of dried molasses-beet pulp and 
shelled corn made as rapid gains, on the average, as others fed corn for the only 
concentrate.*® In these trials the dried pulp was worth about 95 per cent as much 
per ton as shelled corn. A mixture of one-half dried molasses-beet pulp and one- 
half ground barley was superior to ground barley for fattening lambs in Montana 
and Utah tests.** 

Dried molasses-beet pulp, fed as the only concentrate with alfalfa hay, was fully 
equal to ground barley in California trials.*^ In 18 Nebraska and Wyoming trials 
dried molasses-beet pulp was worth about 80 per cent as much, on the average, as 
corn per ton.** 

1191. Other conceintrates low in protein. — In addition to the grains and other 
low-protein concentrates that have been discussed in this chapter, several others are 
sometimes used for sheep feeding. These include emmer, hog-millet seed, rice by- 
products, dried apple pomace, and raisin by-products. For detailed information on 
these feeds see the various chapters of Part II. 

IT. Protein Supplements 

1192. Linseed meal or cake ; cottonseed meal or cake. — These pop- 
ular feeds are the most commonly used in sheep and lamb feeding of all 
the high-protein supplements. (582-684, 691) They are excellent for fat- 
tening lambs and are about equal in value for this purpose. Linseed 
meal or cake is also a first-class supplement for the breeding flock, and 
cottonseed meal or cake is satisfactory for breeding ewes, if not fed in 
excess. Linseed cake and cottonseed cake of pea or sheep size are relished 
somewhat better by sheep than the finely-ground meals, but the latter are 
satisfactory, except for outdoor feeding where wind may waste them. 

Because of the richness of these supplements in protein, but rela- 
tively small amounts are needed to balance a ration for sheep. For 
example, in feeding fattening lambs only 0.10 to 0.15 lb. per head daily 
of linseed meal or cottonseed meal is sufficient to balance a ration of com 
grain, alfalfa or clover hay, and corn or sorghum silage. (1166) Since 
high-grade cottonseed meal is richer than linseed meal in protein, slightly 
less of it is needed to balance a ration. 

Linseed meal or cake and cottonseed meal or cake have been com- 
pared in a considerable number of feeding trials with fattening lambs, 
but in practically all of these tests equal weights of the two supplements 
have been fed. This has resulted in the lambs which were fed cottonseed 
meal receiving a little more of the supplement than was actually needed, 
which was a slight handicap to this feed. 

In 2 trials at the Wisconsin Station these supplements were com- 
pared, when fed with shelled corn, a limited amount of legume hay, and 
all the com silage the lambs would eat.®® The basal ration was therefore 
relatively low in protein. Less cottonseed meal was fed than of linseed 
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meal, to make the protein content of the two rations the same. There 
was practically no difference in the gains on the two rations, in the feed 
required for 100 lbs. gain, or in the finish of the lambs. Due to the fact 
that a little less cottonseed meal was needed to balance the ration, this 
supplement had a slightly higher value than linseed meal. 

In 11 trials with fattening lambs, a small amount of linseed meal or 
cake or the same amount of cottonseed meal or cake has been added to a 
ration of com and alfalfa hay, which, as we have seen in the previous 
chapter, is already nearly balanced in amount of protein.^® The lambs 
fed linseed meal or cake gained 0.38 lb. per day in comparison with 0.37 
lb. for those fed cottonseed meal or cake — ^not a very significant differ- 
ence. They also required a little less feed for 100 lbs. gain, but there 
was no appreciable difference in the selling price of the lambs. Consider- 
ing the differences in the feed required per 100 lbs. gain, cottonseed meal 
was worth about 98 per cent as much as linseed meal. 

In 6 similar comparisons these feeds were compared as supplements 
to a ration of shelled corn, clover hay, and corn silage for fattening 
lambs,^^ and ki 6 comparisons as supplements to the same ration, except 
that oat straw was fed in place of nearly all the clover hay.'*^ When fed 
with clover hay, cottonseed meal was equal to linseed meal in rate of 
gain, in economy of gain, and in the finish of the lambs. However, when 
there was practically no clover hay in the ration, there was a slight 
advantage in favor of linseed meal in rate of gain and in feed required 
per 100 lbs. gain, though the lambs fed cottonseed meal sold at as high 
a price as those fed linseed meal. In these latter trials cottonseed meal 
was worth about 88 per cent as much per ton as linseed meal. 

From these experiments and other trials in which different rations 
were fed,^® we may conclude that for fattening lambs cottonseed meal or 
cake is fully equal to linseed meal or cake when considerable legume hay 
is fed and when care is taken not to feed more of the supplement than 
is actually needed to balance the particular ration used. 

In the southern and southwestern states cottonseed meal, when low 
in price, is sometimes fed as the only concentrate to fattening lambs. If 
more cottonseed meal is fed than is needed to balance the ration, the 
additional amount is usually worth no more, pound for pound, than corn 
or other grains and may be worth even less. On such a ration there is 
danger of ‘‘cottonseed meal injury,^' unless the lambs get plenty of good 
legume hay or other roughage which will prevent this trouble. (582) For 
example, lambs have been successfully fed 0.7 to 1.0 lb. cottonseed meal 
per head daily with alfalfa hay for 90 to 100 days, but when cottonseed 
meal has been fed with cottonseed hulls as the only roughage for the 
entire fattening period, some lambs have died.*^ 

1193. Wheat bran; wheat mixed feed. — Wheat Iran is excellent 
as part of the concentrates for breeding ewes, as it is laxative and fairly 
rich in protein. (642) It is also often used as part of the concentrate 
mi;xture for young lambs and is frequently mixed with com and other 
heavy concentrates in starting fattening lambs on feed, in order to pre- 
vent digestive disturbances. It should form no large part of the con- 
centrate allowance for fattening lambs after they are on full feed, for it 
is too bulky and induces growth, rather than fattening. 

In a trial at the Idaho Station, lambs fed 1 part wheat bran and 3 
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parts barley, with mixed hay for roughage, gained 0.27 lb. per head 
daily, while others fed linseed cake in place of bran gained 0.32 lb. 
daily In a North Dakota trial lambs fed a mixture of 20 lbs. bran and 
80 lbs. barley with alfalfa hay gained 12 per cent less than those fed a 
mixture of 10 lbs. linseed meal and 90 lbs. barley, but nearly as rapidly 
as other lambs which were fed a mixture of 5 lbs. linseed meal and 95 lbs. 
barley.'*® 

Wheat mixed feed (bran and middlings) was an excellent supple- 
ment to barley and alfalfa hay, fed with or without wet beet pulp, in a 
Colorado trial with fattening lambs.^^ When 0.6 lb. per head daily was 
fed in place of 0.2 lb. linseed meal or cottonseed meal, the wheat mixed 
feed was worth about 60 per cent as much as these high-protein supple- 
ments. 

1194. Soybeans; soybean oil meal. — Both soybeans and soybean 
oil meal are excellent protein-rich supplements for sheep feeding. Ex- 
periments have shown that they are usually equal to linseed meal or 
cottonseed meal in value per ton.^® There seems to be little choice between 
soybeans and soybean oil meal for feeding sheep, for the results with 
these two supplements have been practically the same, on the average, 
in 5 trials with fattening lambs.^® It does not generally pay to grind 
soybeans for sheep.®® 

When soybeans were fed as a supplement to com grain, clover hay 
and com silage for fattening lambs in 3 Indiana trials, there was no 
advantage in adding a mineral mixture to furnish additional calcium 
and phosphorus.®^ With no legume hay in the ration, the use of a calcium 
supplement would be advisable. (1167) 

1195. Com gluten meal; com gluten feed. — These corn by-products are satis- 
factory to use as the only protein supplement when there is considerable legume hay 
in the ration to make good the deficiencies in the quality of protein in corn grain. 
On the other hand, if little or no legume hay is fed, it is wise to combine either 
of these feeds with supplements that furnish protein of more complete nature, such 
as linseed meal or cottonseed meal. (148) 

No experiments have apparently been reported in which com gluten meal has 
been compared with either cottonseed meal or linseed meal as a supplement for 
sheep or lamb rationsi that are low in protein. Gluten meal has been compared with 
these supplements in 5 tests, but the supplements have been added to a ration of 
alfalfa hay and corn grain.52 As we have seen in the previous chapter, alfalfa hay 
and corn grain, without any supplement whatsoever, supply nearly enough protein to 
enable fattening lambs to make maximum gains, and these feeds also provide protein 
of excellent quality. (1164) When thus fed, gluten meal has been equal or slightly 
superior to cottonseed meal or linseed meal, but this does not show that it would be 
equally efficient in balancing a ration low in protein. 

Com gluten feed, used as the only protein supplement for fattening lambs, has 
been less satisfactory than cottonseed meal or linseed meal in Kansas and Wiscon- 
sin trials.53 The lambs fed gluten feed were not so well finished as those fed lin- 
seed meal. Judging from these tests, gluten feed had best be combined with such 
a supplement as linseed meal or cottonseed meal. 

Occasionally, gluten feed is lower in price than corn grain. It may then bo 
used as a partial or even a complete substitute for corn in fattening lambs or feed- 
ing other sheep. In 2 Iowa trials when gluten feed was thus fed as a substitute 
for all or most of the corn for fattening lambs it was worth, on the average, only 
86 per cent as much as corn per ton .54 However, in a Nebraska trial when it was 
substituted for half the corn fed fattening lambs, it increased the gains and was 
worth more per ton than corn.55 
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1196w Meat scraps; tankage; fish meal. — Becent experiments have shoyni that 
meat scraps, tankage, and fish meal may generally be used satisfactorily as protein 
supplements in sheep feeding. Though sheep may not like these animal by-products 
at first, after a few days they will usually eat the small amount needed to balance the 
ration. It is a good plan to mix these supplements with better-liked feeds until 
the sheep get used to the taste. Since these feeds, when of high grade, are consid- 
erably richer than cottonseed meal or linseed meal in protein, correspondingly less 
should be fed to balance a ration. 

The results of experiments in which either meat scra/ps or digester tankage 
have been used as the only protein supplement for fattening lambs have differed 
somewhat.so In some of the trials these feeds have produced fully as good results 
or even slightly better results than cottonseed meal or linseed meal, but in other 
tests the gains have been better on the latter supplements. Excellent results have 
been secured at the Ohio Station in the use for sheep feeding of the all-purpose 
protein supplement which has been mentioned previously. (629) This contains 
30 per cent of meat scraps. 

Fish meal was an excellent supplement for fattening lambs in California trials.57 
Even when added to a ration of alfalfa hay and either barley or dried molasses-beet 
pulp (a combination already containing a good supply of protein), fish meal tended 
to increase the^rate of gain more than did cottonseed meal. In these tests the 
average value of fish meal was considerably greater than that of cottonseed meal. 
The feeding of fish meal did not produce a taint in the meat. 

1197. Other protein supplements. — In addition to the protein supplements that 
have been considered in this chapter, several others may be used satisfactorily when 
available at economical prices. These include field peas, cull beans, peanut oil meal, 
peanut oil feed, cottonseed, flaxseed, cowpeas, distillers’ dried grains, brewers’ dried 
grains, coconut oil meal, sesame oil meal, and other oil meals not common in the 
United States. The composition and uses of each of these feeds are discussed in 
Part IL 

1198. Combinations of protein supplements. — Very few experi- 
ments have been conducted with sheep to compare the efficiency of 
combinations of protein supplements with standard single supplements, 
like linseed meal or cottonseed meal. In experiments at the Minnesota 
and Nebraska Stations the following mixtures were compared with 
linseed meal, cottonseed meal, or gluten meal alone, when fed as supple- 
ments to com grain and alfalfa hay for fattening lambs:®® (1) Equal 
parts of linseed meal and cottonseed meal, (2) equal parts of gluten 
meal and either linseed meal or cottonseed meal, and (3) a triple com- 
bination of equal parts of the 3 supplements. 

In 4 trials the combinations of two supplements did not prove supe- 
rior, on the average, to either linseed meal or gluten meal, fed as the 
only supplement. The triple combination was slightly superior, on the 
average, to the other mixtures or to linseed meal or cottonseed meal, fed 
as the only supplement. Gluten meal nearly equalled this triple com- 
bination in these tests. 

It should be borne in mind that the check ration used in these tests 
(com grain and alfalfa hay), is already well balanced both in quantity 
and in quality of protein. Possibly certain mixtures of protein supple- 
ments would show a marked superiority over single supplements when 
used to balanced a ration low in protein or one in which the protein was 
of inferior quality. However, in an Ohio trial with fattening lambs the 
all-purpose’^ protein supplemental mixture (a combination of soybean 
oil meal, cottonseed meal, linseed meal, and dry-rendered tankage) was 
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not superior to cottonseed meal as a supplement to a ration of shelled 
corn, coni silage, and either timothy or clover hay.®® 

III. Legume Hay 

1199. Legume hay. — Well-cured legume hay is far superior to any 
other dry roughage for sheep feeding, because of its richness in protein 
of good quality, the high content of calcium, the ample supply of vita- 
mins, and its palatability. It is much more important to supply some 
legume hay to sheep than to beef cattle or even to dairy cattle. It is 
also more important for sheep than for cattle that the hay be fine- 
stemmed and leafy. 

Legume hay is unexcelled for the breeding flock and is of even 
greater importance in feeding pregnant and nursing ewes than in the 
case of fattening lambs. Merely an abundance of good legume hay, with 
a small amount of grain for a few weeks before lambing, makes a very 
satisfactory ration for wintering breeding ewes. (1236) Early-cut, leafy 
legume hay is nearly indispensable in raising early spring lambs that 
need good roughage for some weeks before they can be turned to pasture. 

It has been emphasized earlier in this chapter that a ration of 
legume hay and com or other grain is nearly ideal for fattening lambs, 
and that this ration is therefore taken as a standard with which other 
combinations of feed are compared. Though the addition of a small 
amount of such a supplement as cottonseed meal or linseed meal will 
commonly increase the gains a trifle, the use of the supplement does 
not generally increase the profits. (1164) Even when legume hay is fed 
in combination with non-legume roughage, such as corn or sorghum 
silage, the amount of protein supplement needed to balance the ration 
is much less than when no legume hay is furnished. 

The great superiority for sheep of legume hay over grass hay of the 
usual quality is well shown by the results of 7 trials in which clover or 
alfalfa hay has been directly compared with timothy or prairie hay.®® 
In each test one lot of lambs was fattened on the legume hay and corn, 
without any protein supplement, while another lot was fed the grass hay 
and com, with 0.2 lb. of linseed meal or cottonseed meal. 

Though the lambs fed grass hay had plenty of protein, they gained 
only 0.25 lb. a day, in comparison with 0.31 lb. for those fed legume hay. 
The lambs receiving grass hay required considerably more feed per 100 
lbs. gain, including 92 lbs. of expensive protein supplement. Because of 
this, the grass hay was actually worth only the absurdly low figure of 58 
cents a ton in these trials in comparison with $10 a ton for alfalfa. 

Recent experiments have shown that the results on a grass hay ra- 
tion are generally improved when a calcium supplement is added as well 
as a protein supplement. (1210) Even if this had been done in these 
trials, the grass hay would still have been worth much less than the 
legume hay. 

1200. Alfalfa hay. — Alfalfa hay is unexcelled for sheep feeding 
and may be taken as the standard with which other forages are com- 
pared. (373) It has to a high degree all the virtues that have been 
pointed out in the preceding paragraphs. In general, the greener in 
color and the finer and more leafy the alfalfa hay is, the more valuable 
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it will be for sheep. The relative value of the various cuttings of hay 
and the value brown alfalfa hay in comparison with green alfalfa hay 
are discussed in Chapter XIII. The chopping and grinding of alfalfa 
hay for sheep have been considered in the preceding chapter. (1172) 

Lambs cannot be fattened sufficiently for the large markets on 
alfalfa hay alone, even that of the best quality. Experiments by the 
Idaho, Nebraska, and Nevada Stations show that lambs fed all the good 
alfalfa hay they will eat will usually gain only 0.17 lb. or less per head 
daily, and they will not reach a satisfactory market finish.®^ 

When it is desired to fatten lambs for marketing late in the winter 
or in the spring, it may be desirable to feed them hay alone during the 
first part of the fattening period and later to add grain. (1268) 

1201. Alfalfarmolassee feed. — This feed, made by mixing cane or beet molasses 
with alfalfa meal, is often fed to sheep in certain sections of the West, especially 
to fattening lambs. When lambs are being given a very heavy allowance of grain 
to force them to fatten rapidly, alfalfa-molasses meal is sometimes fed in place of 
hay and the grain is mixed with it to help prevent digestive troubles. 

When thns fed in two Nebraska experiments, alfalfa-molasses meal produced 
about the same gains and had approximately the same value per ton as alfalfa meal 
(without molasses). 62 In these trials and in an Idaho test alfalfa-molasses meal 
was worth, on the average, about 50 per cent more a ton than uncut alfalfa hay.^s 
In the Nebraska trials there was no significant difference in the value of alfalfa- 
molasses meal made from beet molasses and from cane molasses, and in feeds con- 
taining 20, 30, or 40 per cent beet molasses. 

In other trials with fattening lambs, when 0.5 lb. per head daily of alfalfa- 
molasses feed was added to a ration of shelled corn and alfalfa hay, with or with- 
out linseed meal, the gains were increased and the alfalfa-molasses feed was worth 
about 84 per cent as much as shelled corn.64 Alfalfa-molasses feed is not high in 
protein, and therefore it should not be fed as a substitute for such protein supple- 
ments as linseed meal or cottonseed meal.es 

1202. Clover hay. — Clover hay, one of the best roughages for 
sheep, should be cut early. Red clover hay has been about equal to 
alfalfa hay of the same, quality for fattening lambs in several experi- 
ments in which plenty of protein has been furnished in the rations.®® 
(382) Since alfalfa hay is richer than clover hay in protein, possibly it 
would have a somewhat higher value than clover in such a ration as corn 
grain, com silage, and hay, with no protein supplement. 

Alsike clover hay proved even slightly superior to alfalfa in a Mon- 
tana trial.®^ (386) Mammoth clover hay is usually coarser and more 
stemmy than red clover. (386) 

1203. Sweet clover hay. — Good-quality sweet clover hay is a satis- 
factory roughage fpr sheep, but the value per ton .in comparison with 
alfalfa or red clover hay will vary quite widely, depending on the quality 
of the hay. (391) When sweet clover hay of the usual kind is fed, a 
considerably larger proportion of the hay will be refused, on account of 
its stemmy nature, than in the case of alfalfa. 

Excellent sweet clover hay, well-cured and leafy, was equal to alfalfa 
for fattening lambs in Minnesota and Washington trials.®® In 7 other 
experiments the value of sweet clover hay per ton for fattening lambs 
has ranged from less than 50 up to 95 per cent of the value of alfalfa 
hay, depending on the quality of the hay.®® 




Lambs Fattening in a Field of Corn and Soybeans 
M any farmors fiitton lambs in the fall on rape, stubble fields, or standing corn. 
Growing soylx'ans with the corn for ‘‘lambing down’^ is a good practice. 



Straw Is Unsatisfactory as the Only Roughage 
Poor results are secured when lambs are fed straw as the only roughage, but a 
limited amount of straw may well be used along with legume hay. 




Fresh Pasture Is Important for Ewes with Lambs 
T o avoid infosting the lambs with stomach worms, it is important that fresh, 
uncontaminated pasture bo provided. Winter rye and other winter grains provide 
good early pasture. 



Fine Lambs on Excellent Clover Pasture 

The clovers furnish valuable pasture for sheep, but great care is necessary to pre- 
vent bloat. 
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Sheep are rarely affected by the ‘‘sweet clover disease/' caused by 
eating spoiled sweet clover hay. (392) 

1204. Soybean hay. — Hay from soybeans is an excellent substitute 
for alfalfa or clover hay, but due to the coarse stems, sheep will usually 
leave uneaten a much larger percentage of soybean hay. (398) In 3 trials 
at the Illinois Station soybean hay, fed with com, produced as rapid 
gains on fattening lambs as did alfalfa hay, but more hay and com 
were required per 100 lbs. gain.^*^ In these trials 100 lbs. of soybean hay, 
as fed, were equal in value to 89 lbs. of alfalfa hay. In 5 trials at the 
Indiana and Iowa Stations the average gain of fattening lambs fed soy- 
bean hay was practically as rapid as that of those fed clover hay, but 
somewhat more feed was required per 100 lbs. gain.'^^ On the average, 
100 lbs. of soybean hay were equal to 79 lbs. of clover hay in feeding 
value. 

Soybean hay has also proved to be a very satisfactory roughage for 
breeding ewes and ewe lambs, ranking close to alfalfa hay in value.^^ It 
is well suited for feeding young lambs only when unusually fine and 
leafy. 

1206. Cowpea hay. — Well-cured cowpea hay is finer-stemmed and 
more leafy than soybean hay, and is practically equal to alfalfa hay per 
ton for sheep feeding. (401) In 5 experiments with fattening lambs the 
gains on cowpea hay and on alfalfa hay were nearly equal, and the 
cowpea hay was worth 96 per cent as much per ton as alfalfa hay.^^ 

1206. Field pea hay; pea-and-oat hay. — Both of these hays are 
satisfactory for sheep feeding, but they rank somewhat below alfalfa or 
clover in feeding value. (402) In a trial with fattening lambs at the 
South Dakota Station field pea hay was inferior to alfalfa or sweet clover 
hay, and in experiments by the Wyoming Station lambs fed pea-and-oat 
hay and barley gained 0.21 lb. per head daily, in comparison with 0.28 lb. 
for others fed alfalfa hay and barley.^'^ On the average, the pea-and-oat 
hay was worth about 77 per cent as much as the alfalfa hay. 

1207. Other legume forage. — When available, other kinds of legume hay can 
he used for sheep feeding in the same manner as alfalfa or clover hay. For informa- 
tion on the composition and value of lespedeza hay, vetch-and-oat hay, vetch-and- 
barley hay, and other kinds of legume hay the reader is referred to Chapter XIII. 
As is a^.so shown in that chapter, legume straw, or chaff, may be used as a substi- 
tute for part of the hay in feeding sheep. (418) 

IV. Other Dry Roughage 

1208. Hay from the grasses. — Hay from timothy or other grasses, 
cut at the usual stage of maturity, is much inferior to legume hay for 
feeding all classes of sheep, as has been pointed out previously. (1199) 
Since such hay is low in protein, some supplement, like linseed meal or 
cottonseed meal, should always be added to the ration. Also, it is wise 
to add a calcium supplement, such as ground limestone, especially when 
the grass hay has been grown on soil low in calcium. (1167) Even when 
the hay is thus supplemented, the results from hay cut at the usual stage 
of maturity will usually be decidedly less satisfactory than when legume 
hay is fed. 

Early-cut grass hay is much better than late-cut hay for sheep. This 
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has been shown clearly by Ohio trials with pregnant and nursing ewes.*^® 
When timothy hay cut in early bloom was fed with corn silage and with 
0.8 ounce of ground limestone per head daily and plenty of protein sup- 
plement to pregnant ewes, satisfactory results were secured. The results 
on this ration were only slightly inferior to those with alfalfa hay and 
corn silage for roughage. On the other hand, when late-cut timothy 
replaced the early-cut hay as the only roughage, the ewes lost weight, 
became thin and weak, produced lambs lacking in vigor, milked poorly, 
and showed a decided tendency to shed the fleece because of weakened 
wool fibers. Their living lambs gained 31 per cent less during the trial 
than those from ewes fed legume hay. 

Much better results are secured in sheep feeding when grass hay is 
combined with some legume hay than when no legume hay at all is fed. 
Thus, early-cut mixed clover-and-timothy hay containing a considerable 
proportion of clover is a satisfactory roughage for sheep. In an Ohio 
trial with fattening lambs timothy hay was decidedly inferior to alfalfa 
hay as the only roughage, but a combination of equal amounts of the two 
kinds of hay was only slightly inferior to the alfalfa hay.*^® 

1209. Timothy hay ; mixed clover-and-timothy hay. — Timothy hay 
is unsatisfactory for sheep, unless cut early, as it is both unpalatable 
and constipating. (449) The heads in the hay work into the wool, irri- 
tating the skin, lowering the quality of the wool, and making shearing 
difficult. Timothy hay cut in early bloom is much better than late-cut 
hay for sheep, but even such timothy hay gives best results when fed as 
only part of the roughage, preferably with some legume hay. In case it 
is necessary to feed early-cut timothy hay as the only roughage, or with 
com silage, then ground limestone or some other calcium supplement 
should be supplied and plenty of protein supplement should be included 
in the ration. 

Mixedf clover-and-timothy hay is much better than timothy hay, if 
cut early and if a considerable proportion of clover is present. 

1210. Other grass hay. — Prairie hay is worth considerably less than legume hay 
as the only roughage for sheep feeding, even when a protein supplement is fed and 
also a calcium supplement. (456) In two Minnesota trials fattening lambs fed 
prairie hay and shelled corn, with 0.2 lb. linseed meal and one-quarter ounce ground 
limestone per head daily, gained 0.39 lb. per head daily, in comparison with 0.41 
lb. for others fed alfalfa hay and shelled corn.77 The finish of the lambs fed 
prairie hay was satisfactory, and they sold for the same price as those fed alfalfa 
hay. However, largely because of the protein supplement needed with the prairie 
hay ration, the prairie hay was actually worth only 59 per cent as much a- ton as 
the alfalfa hay. In these Minnesota trials and in other tests fattening lambs failed 
to make good gains on a ration of prairie hay, corn, and linseed meal, without a 
calcium supplement.78 

In trials at the Alberta, Canada, College of Agriculture, it was found that while 
pregnant ewes could be wintered satisfactorily on alfalfa hay alone, they lost 21 
lbs. on the average, when wintered on prairie hay alone.7» Prairie hay was more 
satisfactory when fed with 0.25 to 0.50 lb. grain a day. 

* 'Marsh hay is too coarse and woody for sheep. 

Millet hay was worth less than corn stover or oat straw for fattening lambs in 
a Michigan trial, and in two Colorado trials was worth somewhat less than sorghum 
fodder, on the average.*® 

The composition and feeding values of oat hay, Sudan grass hay, and other 
kinds of grass hay are discussed in Chapter XV. 
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1211. Shock corn; com fodder; corn stover. — As has been pointed 
out earlier in this chapter, well-eared shock corn, grown primarily for 
grain, may be fed to fattening lambs as a substitute for shelled com or 
other grain. (1182) Usually each bushel of corn grain fed in this form 
is worth somewhat less than the same weight of shelled corn. 

In Colorado trials well-eared shock corn or dry corn fodder, chopped 
in a roughage mill so finely that all the kernels were cracked, was fed 
to fattening lambs in comparison with corn silage, along with grain, 
cottonseed meal, and alfalfa hay The lambs fed the chopped fodder 
made fully as rapid gains as those fed silage, and 1.0 ton of dry fodder 
was equal in feeding value to 2.6 tons of corn silage. In New Mexico 
trials good gains were also secured on ground corn fodder and 1.0 ton 
of the ground fodder was equal in value to 2.5 tons of silage.®^ However, 
silage produced more gain per acre and also cheaper gains. Well-cured 
leafy corn fodder, grown thickly for roughage or that which has been 
stunted by drought and has failed to ear out, is a better roughage for 
sheep than most timothy hay or prairie hay.®* 

Even good-quality corn stover, without the ears, may be a useful 
feed in limited amount for wintering breeding sheep. By far the best 
results are secured when these forages form only part of the roughage, 
and some legume hay is fed in addition. 

Corn stover is too low in nutrients to be well adapted for fattening 
lambs, even when a limited amount is fed along with legume hay and 
other good roughage. Adding corn stover to a ration of shelled com, 
linseed meal, alfalfa hay, and corn silage reduced the average daily gain 
from 0.37 to 0.34 lb. in a Michigan trial and the com stover was worth 
only one-fourth as much a ton as corn silage.®^ Substituting corn stover 
for com silage in an Indiana trial, when fed with ear corn, cottonseed 
meal, and clover hay, caused an even greater reduction in the rate of 
gain and resulted in a financial loss instead of a good net return over 
feed costs.®® 

1212. Sorghum fodder; sorghum stover. — Sweet-sorghum fodder, 
often called ‘‘cane^^ hay, varies widely in value, depending on its fine- 
ness and leafiness. Very satisfactory results were secured with fattening 
lambs fed corn, cottonseed meal, and sorghum fodder in Colorado tests, 
but in an Oklahoma trial sorghum hay, fed with the same feeds, was of 
low value, even when chopped.®® 

In Kansas and Texas experiments when pulverized limestone was 
added to a ration of ground or chopped fodder from the grain or sweet 
sorghums, plus com or sorghum grain and cottonseed meal, fattening 
lambs usually made nearly as rapid gains as when fed alfalfa hay in 
place of the sorghum fodder.®^ On the other hand, unsatisfactory results 
were secured without the calcium supplement. (1167) 

Chopped sorghum stover was a better roughage for fattening lambs 
than cottonseed hulls or corn stover in New Mexico trials.®® 

1213. Straw from the cereals. — Straw should not be fed as the 
only roughage to sheep, as it is too low in nutrients, especially protein, 
calcium, and vitamins, and moreover, it is constipating. When hay is 
scarce or high in price, a limited amount of straw, especially oat straw, 
can be used along with legume hay or legume hay and silage for breed- 
ing sheep or fattening lambs. Oat, barley, or wheat straw has proved 
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unsatisfactory as the only dry roughage for fattening lambs, even when 
they are fed silage, grain, and a protein supplement.®® Feeding a mix- 
ture of half chopped barley straw and half chopped alfalfa hay with 
barley grain to fattening lambs was much less profitable in a California 
test than a ration of alfalfa hay and barley, without the straw.®® 

When sheep are to be fed such unpalatable roughage as straw, along 
with good legume hay, it is best to feed the straw in the morning and 
the better-liked hay for the evening meal. 

1214. Cottonseed hulls. — In the southern states cottonseed hulls 
are sometimes used as the only or the chief roughage for fattening lambs', 
perhaps with cottonseed meal as the only concentrate. Experiments 
show that this combination produces much less rapid gains than grain 
and legume hay, and if the feeding of only cottonseed meal and hulls is 
too long continued, ‘‘cottonseed meal injury^' may result due chiefiy to 
the lack of vitamin A and of calcium.®^ 

Lambs showing slight injury will usually recover after 2 or 3 weeks, 
if the ration is changed and they are fed good alfalfa hay for roughage 
or put on greCn pasture. These trials indicate that for 60 days lambs 
can usually be fed 1 lb. cottonseed meal per head daily with cottonseed 
hulls as the only roughage without trouble. 

V. Succulent Feeds 

1215. Value of succulent feeds. — Silage, roots, pasture, and other 
succulent feeds are very beneficial to sheep, because of their appetizing 
and regulating effects. Breeding sheep are more readily kept in the 
desired thrifty condition when silage or some other succulent feed is fed 
in addition to good legume hay. Likewise, fattening lambs will make 
slightly more rapid gains when silage or roots are added to an excellent 
ration made up of dry feeds. 

In Great Britain roots are ruiiversally fed in large amounts to sheep, 
and to this fact may be attributed much of the reputation of the British 
shepherd for producing mutton of the highest quality. In this country, 
however, numerous experiments have shown that silage from com or 
other crops is a thoroughly satisfactory substitute for roots and very 
much more economical in most sections. 

1216. Corn silage. — Corn silage is the most widely used succu- 
lent feed for the winter feeding of sheep in the United States. (426) 
This is due both to its cheapness and to its high value for breeding sheep 
and fattening animals. As is pointed out in the next chapter, good corn 
silage aids greatly in maintaining breeding ewes in the desired thrifty 
conation during winter. (1238) Not only does it furnish palatable 
nutrients, but also it aids in preventing constipation. Only silage of 
good quality should be fed to sheep, for they are much more susceptible 
than are cattle to injurious effects from eating spoiled or moldy silage. 
Also, silage which is unduly sour is apt to cause colic and scours. 

The value of com silage for fattening lambs is shown in the follow- 
ing table, which summarizes the results of 39 experiments in which 
lambs were fattened on shelled com and alfalfa or clover hay, in com- 
parison with others fed good corn silage in addition.®® In 14 of the 
experiments a small amount of linseed meal or cottonseed meal or cake 



FEEDS FOR SHEEP 


767 


was added to the silage ration. As is pointed out in the next article^ 
under usual conditions such addition of a supplement to a silage ration 
for lambs is profitable, as it balances it more completely. In these trials 
a total of 2,042 lambs, averaging 61 lbs. in weight, were fed for an aver- 
age of 91 days. 

Value of silage added to corn and legume hay 

Feed for 100 lbs. gain 


Average ration 

Daily 

gain 

Lbs. 

C’om 

Lbs. 

Supple- 

ment 

Lbs. 

Hay 

Lbs. 

Silage 

Lbs. 

Silage-jed lambs 

Corn silage, 1.23 lbs. 

Legume hay, 1.22 lbs. 

Shelled corn, 1.09 lbs. 
Supplement, 0.07 lb 

0.347 

321 

19 

363 

360 

Lambs fed no silage 

Legume hay, 1.72 lbs. 

Shelled corn, 1.12 lbs 

0.321 

355 


550 



Adding silage to the already excellent ration of corn and legume 
hay increased the average daily gain from 0.321 lb. to 0.347 lb. How- 
ever, the gain was not increased in all the trials by the addition of silage, 
for in 11 of the experiments there was no difference, or the lambs fed no 
silage made the larger gains. On account of slightly better finish, the 
silage-fed lambs sold for a trifle more in some of the tests, but the aver- 
age difference in the selling price was only 7 cents per hundredweight. 

The great advantage in favor of silage feeding lies in the saving of 
corn and hay required per 100 lbs. of gain. In these trials 1 ton of corn 
silage plus 106 lbs. supplement saved 1,038 lbs. legume hay and 190 lbs. 
shelled corn. From these data, one can readily compute the value of 
corn silage, with other feeds at his local prices. For example, with 
shelled corn at $20, supplement at $40, and legume hay at $10 a ton, corn 
silage would have a value of $4.97 a ton, or about half the price of 
legume hay per ton, not taking into consideration the more rapid gains 
on silage and the slightly higher average selling price. 

Considering all these factors, it may be concluded that under usual 
conditions 1 ton of good corn silage is worth slightly more than half as 
much as a ton of legume hay for fattening lambs. Silage therefore has 
a higher relative value for lambs than would be expected from its con- 
tent of total digestible nutrients, for it supplies only about one-third as 
much total digestible nutrients per pound as does legume hay. 

In most of the other experiments in which corn silage has been 
added to somewhat different rations the results have been similar.®^ In 
certain western tests corn silage has had a somewhat lower value when 
it has been added, usually in very limited amounts, to grain and excel- 
lent alfalfa hay.®^ 

It has been shown in the previous chapter that for fattening lambs 
it is generally profitable to add a protein supplement to a ration of corn 
or sorghum silage, legume hay, and corn or other grain. (1165) If little 
or no legume forage is fed, then it is essential that a sufficient^ amount 
of protein supplement be used to balance the ration. Otherwise, slow 
and uneconomical gains will result. 
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When fattening lambs are fed either corn or sorghum silage and 
also legume hay for roughage, it is best to let them have all the silage 
they will clean up, in addition to what legume hay they will take. This 
usually produces more rapid and cheaper gains than if the allowance 
of silage is limited.®® In very cold weather care must be taken not to 
feed more silage than will be eaten before it freezes. 

It is interesting to note that lambs given all the silage they desire 
will still eat nearly as many pounds of hay as of silage, while steers fed 
the same feeds may eat 5 to 7 times as many pounds of silage as hay. 

1217. Silage as the only roughage. — Corn silage and sorghum 
silage are low not only in protein, but also they may be low in calcium 
and in vitamin A, while well-cured legume hay is rich in all these 
nutrients. Therefore, when legume hay can be provided economically 
for sheep, such silage should be fed in combination with legume hay. If 
it is necessary to feed silage as the only roughage, or a combination of 
silage and hay from the grasses, care should be taken to provide a suffi- 
cient amount of a protein supplement and also to feed a calcium supple- 
ment, such as ground limestone. (1167) 

In the winter feeding of breeding ewes it is best not to use silage 
as the only roughage, but to feed it along with good legume hay or 
mixed hay. A common recommendation is that ewes be fed no more than 
2 lbs. of silage daily per 100 lbs. live weight before lambing. After 
lambing they can be allowed all the silage they will take. 

A larger allowance of silage than this can probably be fed safely, 
if it is of good quality and if the ewes have in addition good legume 
hay or mixed hay containing considerable legumes. Recent Illinois trials 
indicate that corn silage can even be used successfully as the only rough- 
age for breeding ewes if a sufBcient amount of protein supplement is fed 
and a calcium supplement is also provided.®® In these tests satisfactory 
results were secured when pregnant ewes were fed during the winter a 
ration of 4.8 to 5.0 lbs. com silage, 0.2 lb. soybean oil meal, 0.6 ounce 
salt, and 0.6 ounce of either ground limestone or steamed bone meal. 

Recent experiments have shown that good com or sorghum silage 
can be successfully used as the only roughage for fattening lambs, pro- 
vided that care is taken to use a large enough amount of a suitable pro- 
tein supplement to balance the ration and also to feed a sufficient amount 
of calcium supplement.®’^ Unless both of these additions are made to the 
ration, poor results will be secured. 

In these recent trials lambs have been fed 0.26 to 0.40 ounce of 
ground limestone per head daily, with a ration of corn or sorghum silage, 
com or other grain, and a protein supplement, in comparison with others 
receiving legume hay in their ration. The results with silage as the only 
roughage have usually, though not always, been nearly as good as when 
legume hay has been fed in addition. The results of these recent experi- 
ments with breeding ewes and with fattening lambs are of much practical 
importance in those districts where legume hay cannot be provided eco- 
nomically for sheep. 

In earlier experiments in which fattening lambs were fed corn 
silage as the only roughage with corn grain and a protein supplement, 
but without a calcium supplement, the results were decidedly poorer 
than when legume hay was fed in addition.®® In most of such trials it 
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was necessary to feed a little legume hay at times in order to keep the 
lambs on feed. Feeding legume hay only once or twice a week helped 
somewhat, but was not so successful as feeding it daily. Supplying oat 
straw in addition to the silage did not take the place of legume hay, 
which is not surprising, for it is low in calcium and also in vitamins. 

1218. Sorghum silage. — Silage from the sweet sorghums or the 
grain sorghums is of great importance for sheep feeding in those districts 
where the sorghums surpass corn for forage. (443) Care should be taken 
not to ensile sorghum when too immature, or the silage may be too sour 
for sheep feeding. When sorghum is cut at the proper stage of maturity, 
it makes an excellent silage for sheep feeding that is excelled only by 
well-eared corn silage.®® Sorghum silage is nearly equal in feeding value 
per ton to the type of corn silage usually produced in the semi-arid dis- 
tricts, but is probably worth somewhat less per ton than silage from 
corn containing a large proportion of corn grain. 

A higher value for sheep can be secured from a sorghum crop when 
it is ensiled than when it is fed as dry fodder, even if the fodder is 
chopped or ground. In Kansas and Texas trials it required only 2.3 
tons of sweet sorghum silage to equal 1 ton of ground dry sweet sorghum 
fodder for fattening lambs. 

1219. Other silages. — The composition and value of other silages suited to 
sheep feeding have been discussed in the chapters of Part II. Among such silages 
are corn-and*soybean silage, pea-and-oat silage, pea- vine silage (made from pea-can- 
nery waste), and sunflower silage. 

Pea and‘Oat silage was practically equal to corn silage for fattening lambs in 
an Idaho trial, and in Oregon tests with fattening lambs in which pea-and-bald- 
harley silage was added to alfalfa hay, a ton of the silage replaced 1,229 lbs. of 
hay.ioi Pea-and-oat silage was also satisfactory for fattening lambs and breed- 
ing sheep at the Wyoming Station .102 

When advantage can be taken of the high protein content of pea-viiie silage, 
it is probably worth 90 per cent as much per ton as well-eared corn silage. (403) 
On the other hand, when plenty of protein is furnished by the other feeds in the 
ration, the value of pea-vine silage will be slightly lower, in comparison with that 
of corn silage. In a Wisconsin trial lambs fed barley with pea- vine silage as the 
only roughage gained only 0.32 lb. per head daily in comparison with 0.45 lb. for 
a lot fed alfalfa hay as the roughage.ioa 

1220. Boots. — Boots are excellent succulent feeds for sheep, but in the United 
States silage is usually much more economical, except on farms where too little 
stock is fed to make silage feeding practical. (470) In Great Britain roots are 
widely fed to sheep of all classes. Sometimes fattening lambs are fed as much as 15 
to 20 lbs. of rutabagas or other roots per head daily, though much smaller allow- 
ances are more common.io4 in this country it is ordinarily not profitable to feed 
more than 4 to 5 lbs. of roots per head daily to fattening lambs, and even half 
this allowance, preferably chopped, will furnish enough succulence in the ration. 
When pregnant ewes are fed too much roots, weak lambs sometimes result, prob- 
ably due to a lack of protein or minerals in the ration. The allowance of roots 
had therefore best be restricted to 2 or 3 lbs. per head daily, and good hay should 
be fed in addition. 

It has been believed that mangels and sugar beets, when fed to sheep over long 
periods, tend to produce calculi, or stones, in the kidneys and bladder, which are 
dangerous in the case of rams and wethers.iof5 Investigators at the Indiana Station 
question whether roots are the primary cause of this trouble, as calculi occur when 
sheep are fed no roots.ioe 

Boots, particularly rutabagas, turnips, and mangels, are much more watery 
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than corn silage, and therefore their actual feeding value per ton is much lower. 
In seven experiments roots have been compared directly with corn silage for fat- 
tening lambs, when fed with concentrates and legume or mixed hay.ior The root- 
fed lambs ate 4.6 lbs. roots, 1.5 lbs. hay, and 1.2 lbs. concentrates, while those fed 
silage ate only 3.0 lbs. silage and 1.3 lbs. hay, along with the same allowance of 
concentrates. The root-fed lambs made a trifle more rapid gains, on the average, 
but the difference in daily gain was only 0.02 lb. in their favor. On the average, 
100 lbs. of silage replaced 145 lbs. of roots, so roots had only 69 per cent as high 
a feeding value as silage. 

Many experienced shepherds, who have been prejudiced in favor of roots for 
feeding pregnant ewes, are surprised to learn that even for them silage is worth 
much more per ton than roots. In experiments during four winters at the Wisconsin 
Station ewes were fed alfalfa hay and either rutabagas or corn silage, with one-half 
pound per head daily of a mixture of corn, oats, and wheat bran for about a month 
previous to lambing.ios On account of the lower dry matter content of the ruta- 
bagas, it was necessary to feed a larger allowance of roots and hay than of silage 
and hay, to keep the two lots in similar condition. 

The percentage of strong lambs was noticeably higher from the silage-fed ewes, 
and the wjeights of the fleeces were about the same for the two lots. In these 
trials, rutabagas were worth only about two-thirds as much per ton as corn 
silage, not considering the better lamb crops from the ewes fed silage. For 
wintering ewe lambs, rutabagas were also less valuable than corn silage in other 
Wisconsin trials.io^ 

The value of roots for fattening lambs when added to a ration containing no 
succulent feeds is shown by six trials in which roots have been added to rations of 
grain and legume or mixed hay.no The lambs fed roots (3.3 lbs. per head daily) 
gained 0.06 lb. more daily than those receiving no roots, and each ton of roots, on 
the average, replaced 170 lbs. of grain and 364 lbs. of hay. This is a considerably 
lower value per ton than has been obtained in the trials in which corn silage has 
been added to similar rations. (1216) 

Fattening lambs will not make satisfactory gains on roots and legume hay, 
without concentrates, even on sugar beets, which are much higher in nutrients than 
mangels or rutabagas.m 

1221. Wet beet pulp. — This by-product is extensively fed to fattening sheep 
in the vicinity of the beet-sugar factories in the western states. (643) Because 
the pulp is a cheap feed, the sheep are often given all they will eat, along with 
alfalfa hay. This hay admirably supplements the pulp, which is very low both in 
protein and calcium. Feeding a limited allowance of corn, barley, or other grain 
in addition is usually advisable, as it will increase the gains greatly.^ 12 , A common 
practice is to start the lambs on a full feed of pulp and alfalfa hay and gradu- 
ally increase the grain until they are receiving 1 lb. or more a day. Although 
lambs may eat as much as 10 to 11 lbs. of pulp per head daily, 4 to 6 lbs. are 
more often fed. 

The value of wet beet pulp for fattening lambs is shown by the results of 
16 trials in which siloed pulp has been added to a ration of grain and alfalfa 
hay.115 On the average, the pulp-fed lambs, which received 4.3 lbs. pulp a day, in 
addition to 0.9 lb. grain and 1.7 lbs. alfalfa hay, gained 0.33 lb. per head daily, 
while the lambs fed only grain and hay gained 0.28 lb. In these trials each ton 
of siloed beet pulp was worth 122 lbs. grain plus 381 lbs. hay, not considering 
the increase in the rate of gain. 

^ Whether fattening lambs should be fed a protein supplement when they are 
receiving a heavy allowance of wet beet pulp, along with alfalfa hay and grain, 
will depend on how much hay they are eating. If enough hay is being eaten to 
balance the ration, it will not pay to add a supplement like cottonseed meal.i^* 

When wet beet pulp is fed in limited amounts, along with grain and hay, 100 
lbs. of dry matter in the wet pulp have a considerably higher value than the same 
amount of dry matter in dried beet pulp. Wet beet pulp is especially suitable for 
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fattening aged ewes with poor teeth. In feeding the watery pulp, it is important 
that the yards be kept dry by proper drainage and the use of bedding. 

1222. Other succulent feeds. — In. the sugar-beet districts beet tops are often 
utilized for feeding sheep, especially fattening lambs. Likewise, in the potato- 
growing areas cull potatoes are frequently fed to sheep or lambs. Cabbage is 
prized by shepherds in fitting sheep for show, and other succulent feeds, such as 
cull apples and other fruit, are occasionally fed to sheep. These feeds are dis- 
cussed in Part II. 

Soiling crops are not commonly grown for sheep in the United States, as such 
crops are much more expensive than pasture, because of the labor required in 
harvesting them. (355-357) 

1223. Pastures. — In most sections permanent pastures furnish the 
chief pasturage for sheep from spring to autumn, due to the fact that 
they are cheaper than temporary pasture crops. Many sheep raisers, 
however, place far too much reliance on permanent pastures, and fail to 
recognize their limitations. In the humid regions care is always neces- 
sary to prevent infestation with internal parasites when permanent pas- 
tures are used. Moreover, the flock will often run short of feed in time 
of midsummer drought, unless temporary pastures are provided in the 
manner discussed later. 

Instead of keeping the sheep on one large pasture for the entire 
season, it is much better to fence the area in fields of such size that the 
sheep can be changed from one to another at frequent intervals, after 
they have grazed an area thoroughly. This will reduce the trouble from 
internal parasites, and it will also utilize the pasture more fully, since 
rotational grazing tends to increase the yield of forage. (312) 

As sheep relish weeds and browse eagerly on sprouts and brush 
refused by other stock, small farm flocks can glean much feed from such 
sources and at the same time help in cleaning up the farm, especially 
lanes and fence corners. The wise flockmaster will always fully utilize 
all such feed, including stubble and stalk fields and the aftermath on 
meadows, in this manner reducing the cost of feed. Sheep prefer reason- 
ably short grass to rank growths, and will eat weeds much better while 
they are young. 

It is a good plan to have the pastures so located that the sheep can 
return to the barn for night shelter. It is then easier to inspect the 
sheep daily so that any trouble may be discovered, and it will help pro- 
tect them from dogs. Shade should be provided in the pasture. If 
there are no trees, a cheap movable shade should be made. This may 
be placed on the poorer spots in the field, so the droppings of the sheep 
will enrich them. 

1224. Importance of good pasture. — The high value of good pas- 
ture for sheep is well shown by Indiana experiments with ewes and 
lambs, conducted over a period of 3 years.^^® Unweaned lambs made 
larger gains and reached better market finish when on good pasture with 
their mothers, without grain feeding, than when the ewes were fed in a 
dry lot, without pasture, on an excellent ration of alfalfa hay, corn, and 
oats. This was true even when the lambs in the dry lot were fed plenty 
of corn and alfalfa hay in a lamb creep. The cost of feed eaten by 
lambs and ewes, for each 100 lbs. gain made by the lambs, was only 
$2.83 for the lambs on pasture, in comparison with the high cost of 
$16.82 for those in the dry lot. 
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Whether or not it will pay to feed grain to lambs on pasture is dis- 
cussed in the next chapter. (1262) 

1226. Permanent pastures. — Of the permanent pastures, bluegrass 
is the most common in the upper Mississippi valley and eastward. Tim- 
othy furnishes good early pasture, but it is not very palatable after 
heading out. Farther south, red top is prominent, and in the southern 
states, Bermuda grass. In the West, the native grasses, especially the 
grama species, furnish much of the grazing on the ranges, though on 
the mountain ranges the food may consist mostly of herbs and the leaves 
and twigs of shrubs. 

The clovers furnish valuable pasture, but care is necessary to pre- 
vent bloat when sheep are grazed on them. On alfalfa pasture there is 
tnore danger from bloat than on red-clover pasture, but except for this, 
the pasture is so excellent that many use it for sheep in spite of the 
danger. (375-376) The trouble from bloat seems to differ widely in 
various sections, and therefore in deciding whether to use alfalfa for 
sheep pasture, one should be governed largely by the experience in his 
locality.^^® Ill some sections of the West, alfalfa is used for winter graz- 
ing, as it is then so lacking in succulence that danger from bloat is 
practically absent. 

There is much less danger from bloat on sweet-clover pasture than 
on alfalfa pasture.^^^ Mixtures of clover or alfalfa and timothy or other 
grasses provide much safer pasture for sheep than the legumes alone, 
and such mixed pasture furnishes better feed, especially for lambs, than 
bluegrass or timothy pasture.^^® 

In pasturing legumes or even rape the precautions emphasized in 
Chapter XIII should be taken to lessen the danger of bloat. (376) Even 
when care is taken, animals occasionally bloat, especially on sultry days 
following a rain. Immediate attention is then necessary to save the 
afflicted ones. The following methods of treatment are suggested: 

A drench of one-half ounce of formalin in a pint of water has been 
found to give quick relief at the Kentucky Station.^^® The formalin 
stops the rapid fermentation of the green feed which causes the pro- 
duction of gas. For all except the worst cases, a drench of one-half 
pint of fresh milk, warm from the cow, will give relief.^®® If necessary, 
in a short time repeat the dose. Cold milk will not absorb the gas as 
warm milk does. In cases of bloat, others place a stick in the animal's 
mouth, like a bit, and tie it back of the head with a string. This helps 
the sheep get rid of the gas. As a last resort, a trocar or knife should 
be used to puncture the paunch. 

1226. Temporary pastures. — Occasionally sheep are grazed chiefly 
on annual pastures especially sown for them. This system is usually 
more expensive under American conditions than a combination of per- 
manent pastures and annual grazing crops. The advantages of the sys- 
tem are that it enables the flockmaster to maintain more animals on a 
given area than otherwise; it lessens trouble from parasites; it favors 
rapid, continuous gains by providing succulent pasture from spring to 
fall; it destroys nearly all kinds of weeds; and it uniformly fertilizes 
the land. In this system grass pasture should be available during wet 
seasons, especially on heavy soils. Lands newly seeded to grass and 
clover can be successfully pastured by sheep, provided they are kept off 
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when the ground is soft from rain, and if they are not allowed to crop 
the young plants too closely. 

Commonly, the best system of flock management is to use annual 
pastures to supplement the permanent pastures. As is pointed out in 
the next chapter, the greatest need for such additional feed comes when 
the lambs are weaned. At this time some pasture crop, not infested with 
parasites, should always be provided to furnish an abundance of pal- 
atable, succulent, and nutritious feed. 

1227. Rape. — Throughout most of the United States, rape is more 
widely grown for sheep than any other annual pasture. ( 486 ) It is used 
chiefly as a supplement to permanent pastures, especially when the latter 
become scanty in midsummer and later. As rape may cause bloat in 
sheep, the same precautions should be taken as in the case of clover. A 
combination of oats and rape is less apt to cause bloat than rape alone. 
Allowing lambs to graze on rape when it is wet or too immature may 
cause scours. It is best to keep sheep, especially lambs, off a field of 
rape drenched with dew or rain until the leaves are dry. Often shep- 
herds cut rape and feed it as a green soiling crop, instead of using it 
as a pasture crop. This is safer but takes considerable labor. Rape may 
be pastured late in the autumn, even after it freezes, though there may be 
more danger of bloat on rape which has been frozen. 

Three methods are commonly used in growing rape for fall feeding : 
First, it may be seeded as the only crop; second, it may be sown with 
oats at the rate of 2 lbs. of rape seed to the acre ; and third, it may be 
seeded in com at the last cultivation at the rate of about 3 lbs. per acre. 
When there is sufficient moisture, rape sown in oats grows rapidly after 
the oats are cut and furnishes feed that is ready to be pastured by the 
first of September. Securing good growth of rape in corn depends on 
seeding early, on the supply of moisture, and on the density of the corn 
foliage, but if the com is to be pastured with sheep, it usually pays to 
sow rape. 

Rape proved superior to bluegrass pasture for lambs in a Wisconsin 
trial.^^^ Rape or a succession of rye, clover, and rape produced somewhat 
more rapid gains and better finish on lambs than bluegrass pasture in 
Ohio experiments.^^^ The rape pasture was worth 3 to 4 times as much 
per acre as bluegrass. In Kentucky trials lambs on excellent bluegrass 
pasture made nearly as rapid gains as those on rape-and-oats or rape 
pasture, but required somewhat more grain for each pound of gain.^^ 
It was concluded that where such excellent bluegrass pasture was avail- 
able, it was doubtful whether the use of the temporary pasture was 
profitable, on account of the increased cost. 

1228. Other annual pasture crops. — The earliest grazing is usually furnished 
by the cereals, of which winter rye is the best for the northern states. Rye is also 
grown for fall grazing. Farther south, winter wheat and winter oats are excel- 
lent grazing crops for the colder months.124 The sorghums are useful in the plains 
region, although not especially relished by sheep. Sudan grass produces much 
feed but is less valuable for sheep than soybeans, where the latter thrive. 126 
Oats-and-peas, oats-and-vetch, and soybeans all furnish excellent grazing for sheep. 
Oowpeas are much less palatable to sheep than soybeans as a pasture crop, though 
they are well liked as hay.126 

Kale provides excellent winter and spring feed in the mild climate of the 
Pacific coast. In the fall kohlrabi and cabbage may be useful. Both rutabagas 
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and turnips are widely grown in Great Britain for grazing. These various crops, 
are discussed in detail in the respective chapters of Part 11. It is pointed out in 
the next chapter that the fattening of lambs in corn fields is often practiced in 
the corn belt. (1267) 

1229. Grazing field peas. — The fattening of lambs by grazing them upon 
field peas is of importance in certain localities in the West, especially in the San 
Luis Valley, Colorado. The peas are sown at the rate of 30 to 50 lbs. per acre, 
with a small quantity of oats or barley to support the vines and furnish additional 
feed. About November 1, as soon as most of the peas have matured, lambs or 
sheep are turned into the field, and without other feed are fattened in from 70 
to 120 days. An acre of such peas will fatten from 8 to 15 lambs, each making a 
gain of from 6 to 8 lbs. per month. This system is economical, because there is 
no expense for harvesting the crop. Confining the lambs to small areas by hurdles 
gives better results than allowing them to roam over the entire field. Sometimes 
the peas are cut, stacked, and fed to the lambs in yards. 

Sometimes serious death losses, occur among lambs grazed on field peas, due 
to digestive disturbances caused by eating too much of the rich seed . 127 Feeding 
such feeds as alfalfa hay and cull potatoes to lambs on field peas reduced the 
losses in a. Colorado trial, probably because the lambs filled up partly on these 
feeds and did nbt gorge so much on the peas.128. 

QUESTIONS 

1. Discuss the merits and limitations of corn for sheep feeding. 

2. In what forms should corn be fed to sheep? 

3. What is the value of hominy feed for sheep? 

4. Discuss the value of barley for sheep. 

5. For what purposes are oats most commonly used in sheep feeding? 

6. Discuss the use and relative value in comparison with corn of any of the fol- 

lowing that are important for sheep feeding in your district: (a) Wheat; 
(b) grain sorghums ; (c) rye; (d) beet molasses; (e) cane molasses; (f) dried 
beet pulp or dried molasses-beet pulp. 

7. Discuss the use and the relative value of linseed meal and cottonseed meal for 

sheep. 

8. How is wheat bran used in sheep feeding? 

9. Compare the value for sheep of soybeans and of soybean oil meal with that 

of linseed meal. 

10. State the most important facts with reference to the use for sheep feeding of 

any of the following that are important in your district; (a) Corn gluten 
feed; (b) corn gluten meal; (c) meat scraps or tankage; (d) fish meal. 

11. Discuss the importance of legume hay for sheep. . 

12. Compare the v^ue of alfalfa hay and of red clover hay for sheep. 

13. State the value for sheep of any of the following kinds of legume hay that are 

important in your district; (a) Sweet clover hay; (b) soybean hay; (c) cow- 
pea hay; (d) field pea hay or pea-and-oat hay. 

14. Discuss the use of grass hay for sheep. 

15. Tell how any of the following that are important in your district should be 

used in sheep feeding; (a) Timothy hay; (b) mixed clover-and-timothy hay; 
(e) prairie hay; (d) marsh hay; (e) millet hay. 

16. How should the following be used in sheep feeding; (a) Corn fodder or shock 
. corn; (b) corn stover; (c) sorghum fodder; (d) straw; (e) cottonseed hulls? 

17. Discuss the value of corn silage for sheep. What is its value per ton for fat- 

tening lambs in comparison with good hay? 

18 . State the way in which corn silage can be fed successfully as the only roughage 

to breeding ewes or to fattening lambs. 

19. What other kinds of silage are used for sheep feeding in your district and how 

do they compare with corn silage in value? 
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20. What is the approximate value of roots per 100 lbs. for sheep feeding in com- 

parison with that of corn silage? 

21. If wet beet pulp is used for sheep feeding in your district, tell how it is used 

for fattening lambs. 

22. Discuss the importance of good pasturage for sheep. 

23. What kinds of pasture are commonly used for sheep in your district? What 

improvements can you suggest in the usual provision of pasturage for sheep 
in your district? 
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54. Eward, Dunn, and Culbertson, Iowa Buis. 185, 210. 

55. Gramlich and Savin, Nebr. Sta., mimeo. rpt. 

56. Miller, Cal. Sta., mimeo. rpt. ; Harper, Ind. Sta., mimeo. rpt. ; Jordan and Peters, 

Minn. Sta., mimeo. rpt. ; Fox, Nebr. Bui. 21 1 ; Alexander, Nebr, Sta., mimeo. 
rpt. ; Morrison and Kleinheinz, Wis. Sta., unpublished data. 

57. Miller, Cal. Sta., mimeo. rpts. 

68. Jordan and Peters, Minn. Bui. 306 ; Alexander and Weber, Nebr. Sta., mimeo. rpt. 

69. Bell, Ohio Bui. 532 and mimeo. rpt. 

60. Morton, Colo. Bui. 73 ; Skinner and King, Ind. Bui. 162 ; Burnett, Nebr. Bui. 66 ; 

Gramlich, Nebr. Sta., mimeo. rpt. ; Fox, Nebr. Bui. 204 ; McDonald and Malone, 
Okla. Bui. 78. 

61. Hickman, Id. Sta., information to the author; Holden, Nebr. Bui. 194; Fleming, 

Nev. Bui. 106. 

62. Weber and Fox, Nebr. Bui. 259. 

63. Hickman, Rinehart, and Johnson, Id. Cir. 19. 

64. Fox, Nebr. Buis. 204 and 211. 

65. Savin, Nebr. Bui. 197. 

66. Skinner and King, Ind. Bui. 179, 184, 192, 202 ; Carmichael and Hammond, Ohio 

Bui. 245 ; Humphrey and Kleinheinz, Wis. Sta., information to the author. 

67. Shaw, Mont. Bui. 21. 

68. Jordan and Peters, Minn. Bui. 306 ; Hackedorn, Bean, and Sotola, Wash. Bui. 170. 

69. Paterson and Marston, Kan. Cir. 109; Reed and Marston, Kan. Cir. 123; Wilson, 

S. D. Bui. 143 ; Hackedorn, Bean, and Sotola, Wash. Bui. 185 ; Quayle, Wyo. 
Rpt. 1930. 

70. Kammlade, 111., Buis. 260, 338. 

71. Skinner and King, Ind. Buis. 282, 296; Harper, Ind. Buis. 304, 333; Eward, 

Culbertson, Hammond, and Henness, Iowa Bui. 234. 

72. Kammlade, 111. Bui. 338, 111. Cir. 369 ; Hammond, Eward, and Culbertson, Iowa 

Bui. 282 ; Horlacher, Ky. Rpt. 1926 ; Leveck, Miss. Rpt. 1928 ; Md. Rpt. 1928 ; 
Ruffner, N. C. Rpt. 1927 ; Bell, Ohio Buis. 373, 382. 

7S: Reed and Marston, Kan. Cir. 123 ; McDonald and Malone, Okla. Bui. 78 ; Darlow, 
Okla. Buis. 196, 213. 

74. Wilson, S. D. Bui. 143; Quayle, Wyo. Rpts. 1929, 1930. 

75. Bell, Thatcher, Hunt, and Kick, Ohio Buis. 470, 479, 616, 548. 

76. Bell, Thatcher, and Hunt, Ohio Bui. 516. 

77. Jordan and Peters, Minn. Sta., mimeo. rpt. 

78. Jordan and Peters, Minn. Bui. 306 ; Gramlich ; Nebr. Sta., mimeo. rpt. 

79. Bowstead and Sackvllle, Alberta, Canada, Col. of Agr. Bui. 19. 
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80. Morton, Maynard, Brandon, and Osland, Colo. Bui. 395, Colo. Press Bui. 80 ; H. W. 

Mumford, Mich. Bui. 136. 

81. Maynard, Morton, and Osland, Colo. Bui. 379. 

82. Neale, New Mex. Bui. 222. 

83. Jordan and Peters, Minn. Bui. 306. 

84. Brown, Mich. Spec. Bui. 233; see also: Cox, New Mex. Bui. 179. 

85. Skinner and King, Ind. Bui. 273. 

86. Morton, Maynard, and Brandon, Colo. Bui. 395; Darlow, Okla. Bui. 213; see also 

Neale, New Mex. Bui. 222. 

87. Reed, Kan. Sta., mimeo. rpt. ; Cox and Connell, Kan. Bui. 264 ; Jones, Stangel, and 

Dickson, Tex. Rpts. 1929, 1930, 1931, 1932. 

88. Cox, N. Mex. Bui. 179. 

89. Kammlade and Mackey, 111. Bui. 260 ; Skinner and Vestal, Ind. Buis. 234, 256 ; 

Skinner and King, Ind. Bui. 263 ; Paterson and Winchester, Kan. Cir. 96 ; 
Ikeler, Utah Bui. 220 ; see also : Alexander, Nebr. Sta., mimeo. rpt. 

90. Miller, Cal. Rpt. 1923; see also: Wyo. Rpt. 1934. 

91. Neale, N. Mex. Bui. 200 ; Jones and Dickson, Tex. Bui. 379. 

92. Maynard, Morton, ^nd Osland, Colo. Bui. 379 ; Coffey, III. Sta., information to 

the author; Skinner and King, Ind. Buis. 162, 168, 179, 184, 192, 202; Evvard, 
et al., Iowa Bui. 299 ; Paterson and Winchester, Kan. Cir. 88 ; Brown, Mich. 
Spec. Bui. 233; Gramlich, Nebr. Bui. 173 and information to the author; Savin, 
Nebr. Bui. 197 ; Fox, Nebr. Bui. 211 ; Holden, Nebr. Bui. 268 ; Morrison and 
Willman, N. Y. (Cornell) Sta., mimeo. rpts. ; Maynard, Esplln, hnd Boswell, 
Utah Bui. 238; Hackedorn, Bean, and Sotola, Wash. Bui. 185. 

93. Jordan and Peters, Minn. Sta., mimeo. rpt. ; Holden, Nebr. Bui. 268 ; Bell, Ohio 

Sta., mimeo. rpt. ; see, however : Keith and Henning, Penn. Bui. 288. 

94. Hickman, Rinehart, and Johnson, Id. Bui. 194 and mimeo. rpt. ; Vinke and Han- 

sen, Montana Sta., mimeo. rpt. 

95. Coffey, 111. Sta., information to the author; Skinner and King, Ind. Buis. 162, 

168, 179; Hackedorn, Bean, and Sotola, Wash. Bui. 185. 

96. Kammlade, 111. Rpts. 1933, 1934. 

97. Kammlade, 111. Rpt. 1934; Harper, Ind. Sta., mimeo. rpt.; Cox, Connell, and Reed, 

Kan. Sta., mimeo. rpts. ; Alexander, Nebr. Sta., mimeo. rpt. ; Morrison and 
Willman, N. Y. (Cornell) Rpt. 1934 and mimeo. rpts.; Stangel, Jones and 
Mackey, Tex. Rpt. 1933 and mimeo. rpt.; see also: Neale, New Mex. Bui. 222. 

98. Skinner, King, Vestal, and Starr, Ind. Buis. 168, 179, 184, 192, 202, 221, 234 ; 

Evvard et al., Iowa Bui. 299 ; Kans. Bien. Rpt. 1924-26 ; Jordan and Peters, 
Minn. Sta., mimeo. rpt. 

99. Stanley and Scott, Ariz. Bui. 109 ; Miller, Cal. Rpt. 1919 ; Cox and Connell, Kan. 

Bui. 264 ; Stangel, Jones, and Mackey, Tex. Rpt. 1933 and mimeo. rpt. 

100. Cox and Connell, Kan. Bui. 264 and mimeo. rpt. ; Stangel and Jones, Tex. Sta., 

mimeo. rpt. 

101. Iddings and Hickman, Id. Sta., Information to the author; Potter and Dean, Ore. 

Bui. 198, 

102. Faville, Wyo. Bui. 109 ; Hays, Wyo. Bui. 130. 

103. Rupel, Roche, and Bohstedt, Wis. Bui. 420. 

104. Ingle, Trans, Highl. and Agr. Soc. of Scotland, 1910. 

105. Michael, Iowa Bui. 112. 

106. Pontius, Carr, and Doyle, Jour. Agr. Res., 42, 1931, pp. 433-446. 

107. Grisdale, Ottawa, Canada, Expt. Farms Rpt. 1910, 1911, 1912; Kennedy, Robbins, 

and Kildee, Iowa, Bui. 110; P'. B. Mumford, Mich. Buis. 84, 107. 

108. Morrison and Kleinheinz, Wis, Buis. 388, 396 ; Roche, Morrison, Bohstedt, and 


Kleinheinz, Wis. Bui. 410. 

Humphrey and Kleinheinz, Wis. Bui. 275. 

Kennedy, Robbins, and Kildee, Iowa Bui. 110; Smith and Mumford, Mich. Bui. 

113, Arkell, N. H, Bui. 152; Hackedorn, Sotola, and Singleton, Wash., Bui. 258. 
Holden, Nebr. Bui. 194 ; Farmer and Stock-Breeder and Agr. Gaz., England, 42, 
1928, No. 1996, p. 67. 

Linfield, Utah Bui, 78; Quayle, Mont. Rpts. 1928, 1930. , ^ , 

Maynard, Morton, and Osland, Colo. Bui. 379 ; Maynard, Morton, and Fairbanks, 
Colo. Press Bui. 76; Hickman, Rinehart, and Johnson, Id. Cir. 40; Vinke, 
Bergstedt, and Hansen, Mont. Cir. 29 and mimeo. rpts. 

Morton Maynard, Osland, and Fairbanks, Colo. Press Buis. 73, 76. 

Harper, Ind. Bui. 344. ^ i 

Kammlade, 111. Rpt. 1933 ; Dorrance, Brown, and Rather, Mich. Quar. B^ul^ 15, 
No. 2, 1932; Fleming, Nev. Rpt. 1922; Ore. Bien. Rpt. 1926-8; Aune, U. S. Dept. 
Agr. Cir. 417 ; Bowstead and Sackvllle, Alberta, Canada, Col. of Agr., Bui. 19. 
Horlacher, Sheep Production, p, 243 ; Bowstead and Sackville, Alberta, Canada, 
Col. of Agr., Bui. 19. 

Harper, Ind. Rpt. 1933. 

Horlacher, Sheep Production, p. 243, , , ^ , ,oa ^ 

Kleinheinz, Sheep Management, Breeds, and Judging, pp. 120-1. 

Craig, Wis. Rpt. 1897. 

Hammond, Ohio Bui. 340. 

Horlacher, Ky. Cir. 38. , « i noi 

Marshall and Potts. U. S. Dept. Agr., Farmers’ Bui. 1181. 

Hostetler, N. C. Rpts. 1929, 1930. „ tt a Aa-r- 

McCampbell, Kan. Bien, Rpt. 1922-24; Marshall and Potts, U. S. Dept. Agr., 

Farmers’ Bui. 1181. 

Newsom and Cross, Colo. Bui. 305. 

Morton, Colo. Rpt. 1927. 



CHAPTER XXXIV 


FEEDING AND CARING FOR SHEEP AND LAMBS— 
FATTENING— HOT-HOUSE AND SPRING LAMBS— GOATS 

I. The Breeding Flock; Raising the Lambs 

1230. Essentials of successful flock management. — Intelligent 
management and proper care are even more necessary for success in 
sheep production than with the other classes of livestock. Yet sheep are 
not hard to raise, once their relatively simple requirements are under- 
stood. Some of the most important points in successful flock manage- 
ment a]:e.: (1) Proper feed and care of the ewes during winter, before 
and after Ihmbing; (2) plenty of good pasture during the growing 
season; (3) control of parasites; (4) producing the kinds of lambs that 
are in demand and having the lambs ready for market at the time of 
the year when prices are high. 

Order, regularity, and quiet are of prime importance in the manage- 
ment of sheep. The flock should always be cared for by the same attend- 
ant, who moves among them quietly, giving notice of his approach by 
speaking in a low voice and closing doors and gates gently. Dogs and 
strangers should be kept from the pens. Cleanliness is essential, for 
sheep are the most dainty and particular of all farm animals. 

1231. The ewe flock. — Profits from sheep depend largely upon 
having a flock of ewes that are carefully selected and properly culled. 
The ewes should be healthy and vigorous, with deep, wide, roomy bodies, 
good teeth, sound udders, and high-quality, dense fleeces. They should 
be good milk producers and also be of good size for their breed, for 
under-sized ewes produce less wool and less weight of lambs per year.^ 
However, they should not be too large or coarse, or their lambs may be 
too large to meet the market demands, before they are fat enough for 
slaughter. 

Before the breeding season in the fall, the flock should be carefully 
culled, and all ewes should be discarded which are non-breeders or poor 
milkers or which are otherwise unprofitable. These should be replaced 
by the most promising individuals raised in the flock. The ewes retained 
should not be selected by looks alone, for the thinnest ones may have 
been brought to this condition by a heavy milk flow. The only business- 
like method is to keep a simple flock record in which are recorded the 
ear-tag or ear-notch number of each ewe, the weight of fleece produced, 
the number of lambs raised, and their weights at weaning time or when 
marketed. As a rule, good ewes should be retained as long as they are 
productive. In farm flocks most of the ewes are disposed of when 6 to 
7 years of age. 

Most authorities advise against breeding ewe lambs, which will 
usually come in heat at 6 to 9 months of age ; they recommend that 
breeding be delayed until the ewes are yearlings. It is believed that if 
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ewes are bred as lambs they are likely to have trouble in lambing, to lack 
maternal instinct, and to be stunted themselves. 

Recent studies indicate that under favorable conditions by breeding 
mutton-type ewes as lambs a partial extra lamb crop may be secured at 
little added cost and without injury to the flock, provided that the first 
crop of lambs from such early-bred ewes is not retained for breeding 
purposes.^ Ewes bred as lambs seem to reach as large a size as those 
first bred as yearlings, and to produce fully as many and as large lambs 
in later gestations. Usually only 75 to 85 per cent of the ewes can be 
successfully bred as lambs, and the first lambs from ewes thus bred are 
not so thrifty as those from older ewes. In purebred flocks it is certainly 
not advisable to breed ewes as lambs. 

1232. Date of lambing; gestation period. — To secure the best 
prices for farm-raised fat lambs, they should be ready for market either 
before or after the rush of grass-fat lambs from the western range states. 
If warm quarters and plenty of good legume hay and grain are available, 
early lambs, dropped before April first and marketed not later than July, 
are usually most profitable, for they commonly sell at a higher price than 
later lambs. Such lambs are less troubled with internal parasites, and 
another advantage is that the lambing season comes before the rush of 
spring work. 

Ewes which lamb early need plenty of good feed in winter and the 
lambs should be fed grain before pasture is available in the spring. The 
production of hot-house lambs and spring lambs is discussed later 
in this chapter. 

In sections where grain and good hay are expensive or if the shelter 
is not suitable for early lambs, it is best to have the lambs bom in 
April or May and to market them in autumn after the rush of western 
lambs. 

The average length of the gestation period of ewes is 145 to 147 
days, according to various authorities.® It is longer for Merino and Ram- 
bouillet ewes than for ewes of the mutton breeds, averaging about 152 
days for the former. For Southdowns and Shropshires it is usually 
slightly shorter than for the larger mutton breeds. 

1233. Breeding time; flushing the ewes. — The natural breeding 
season for most breeds of sheep is during the late summer and the 
autumn. Ewes will usually begin to come in heat after the first cool 
nights, and the periods of heat recur approximately every 16 days unless 
the ewes conceive. 

It is generally believed that ewes which are ‘‘ flushed at breeding 
time, or fed so that they are gaining in weight, are more apt to produce 
twins and triplets than those which are in poor flesh, and that they also 
breed earlier and more nearly at the same time and produce more vigor- 
ous lambs.^ Accordingly, with the farm flock, it is advisable to ‘‘flush’' 
the ewes for 2 or 3 weeks before the desired date of breeding; i. e., to 
supply an abundance of palatable, nutritious feed, such as rape, cabbage, 
good pasture, or grain. 

Liberal feeding before breeding time is especially needed if the ewes 
have run down in flesh during summer, as is common with ewes having 
large milk flows, even though they have had good care and pasture. If 
ewes have been fed inadequately after their lambs were weaned, and have 
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consequently run down in condition, many of them will fail to come in 
heat or they may fail to conceive. 

Where the ewes and lambs are well fed, twin lambs will make nearly 
as rapid gains in weight as single lambs.® Therefore twins are certainly 
advantageous under favorable farm conditions. On the western range, 
where less attention can be given to the individual ewes, single lambs 
have usually been preferred. However, recent studies indicate that even 
under range conditions, twin lambs are desirable if pasture and feed 
conditions are average or better, except for aged or for immature ewes.® 
A decidedly larger total weight of lambs was produced by ewes with 
twins, on the average, than by ewes having single lambs. 

1234. The rim. — A well-built, vigorous purebred ram of good 
breeding should be chosen and then be so fed and cared for that he will 
remain potent. He needs no grain while on good pasture during sum- 
mer, but beginning at least a month before breeding time some concen- 
trates should be fed. During the breeding season he should be kept in 
good condition by feeding at least 1 lb. a day of a mixture fairly rich in 
protein, such tis 3 parts of oats and 1 of wheat bran. This amount is 
for a ram of average size. 

The ram should never be allowed to run down in the breeding sea- 
son through insufficient feed or over use. On the other hand, he should 
never become fat. In purchasing a ram, avoid one that has been highly 
fitted for shows, for this may result in impotence. 

During the breeding season the ram should run with the ewes but a 
short time daily, or at night only, unless he is of very nervous tempera- 
ment and frets all the time when away from the flock. Where ‘‘hand 
coupling^’ is not practiced, to determine whether a ewe has been bred 
and at what time, the ram should be painted on the brisket with some 
compound which will leave a mark on the wool of the ewe. 

A vigorous ram will serve 25 to 50 ewes a season, if allowed to run 
with them all the time. Where “hand coupling is practiced or the 
ram is turned with the ewes only a short time daily, 50 to 75 ewes may 
be bred to one ram. Ewes are most likely to conceive if bred during the 
latter part of the heat period, instead of during the early hours.^ If a 
ram lamb is used fpr breeding, he should not serve more than 15 to 20 
ewes. 

After the breeding season the ram may be kept in thrifty condition 
on good roughage, such as legume hay and perhaps silage, with a small 
allowance of concentrates, if needed. Some succulent food is desirable, 
but mangels and sugar beets should be avoided as they may tend to pro^ 
duce urinary calculi, or “ stones. Ram lambs need a liberal ration con- 
taining plenty of protein but should not be allowed to become fat. Lack 
of exercise injures the ram’s breeding powers. Except during mating 
time the ram should be kept away from the ewe flock, so that he cannot 
annoy them. 

.1235. Feeding the ewes in the fall. — ^Plenty of good pasturage 
should be provided for the ewes in the fall, and where the winters are 
mild considerable of their winter feed can come from winter rye or 
wheat pasture or from grass pasture which has been allowed to grow up 
in the fall. Often they can get much of their fall feed by cleaning up 
stalk and stubble fields, thus using feed that would otherwise be wasted. 
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It is best to use such forage early, before fall rains and frosts have 
lessened its value, and to leave the grass or legume pasture for later 
grazing. If there is a shortage of pasture in the fall, care should be taken 
to supply sufficient hay or grain to keep the ewes in thrifty condition. 
Rape furnishes excellent feed late in the fall. 

1236. The flock in winter. — For winter shelter, dry, well-ventilated 
quarters should be provided, with wide doorways and convenient feed 
racks. (1173-1174) It is best to divide large flocks into groups of sheep 
of similar size and condition, so that the ration can be suited to the 
needs of each group. For example, yearling ewes will need a little more 
feed than mature ewes, as they are still growing. Exercise in winter is 
essential for breeding ewes, as has been emphasized previously. (1176) 

The ewes should be wintered so that they will gain 15 to 25 lbs. 
during pregnancy, and at lambing time be in medium flesh and vigorous 
condition. Insufficient feed or an unbalanced ration will result in weak 
lambs and a scanty flow of milk, and therefore reduce the profits.® This 
does not mean, however, that expensive rations are needed, containing a 
large proportion of concentrates. On the contrary, ewes should be win- 
tered, up to lambing time, chiefly on good roughage, including plenty of 
legume hay, if possible. 

If the ewes go into the winter in good condition and are then fed 
what legume hay they will eat, with or without silage or roots in addi- 
tion, they will usually need no grain or other concentrates at all until 
4 to 6 weeks before they lamb. •Then not more than 0.5 lb. per head 
daily is commonly required. An experienced shepherd knows that the 
only safe way to determine the condition of a sheep is by feeling of its 
back. If he finds that the ewes are not thriving, he will feed them more 
liberally. 

It is not only unnecessarily expensive but also unwise to feed breed- 
ing ewes so liberally that they are really fat at lambing time.® They are 
then apt to have more difficulty in lambing and may also produce weak 
lambs. 

Both ram lambs and ewe lambs intended for the breeding flock 
should be so fed the first winter that they will grow steadily, but they 
should never receive a fattening ration. Within the limits set by 
heredity, the size lambs will reach when mature depends very largely 
upon the development the first year. 

1237. Rations for ewes. — As a guide in selecting satisfactory and 
economical balanced rations for breeding ewes, several example rations 
are given in Appendix Table VII that are adapted to conditions in 
various sections. These rations meet the nutritive requirements of ewes 
as stated in the Morrison feeding standards, and should produce satis- 
factory results. 

The amounts of roughage stated in these rations are the amounts 
actually eaten, after deducting the wastage. Ewes wintered in the open 
in the northern range states, without shelter, may require somewhat 
larger amounts of feed than stated, due to the exposure. 

Salt and plenty of good water should always be provided for the 
flock. (1166, 1170) 

1238. Hay and other dry roughage for ewes. — The various rough- 
ages suitable for feeding ewes have been discussed in the previous chap- 
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ter. Whenever possible, the ewes should be fed a liberal amount of 
legume hay or mixed hay high in legumes. Such hay is rich not only in 
protein, calcium, and vitamins, but it is also laxative. Moreover, it is 
usually more economical to supply the necessary protein for the ewes by 
feeding legume hay than by purchasing considerable amounts of protein 
supplements. 

Alfalfa and clover hay are unexcelled among legume hays for feed- 
ing the breeding flock. Soybean hay is a satisfactory substitute for 
these, but there is apt to be more refuse in feeding it, on account of the 
coarse stems. Cowpeas, vetch, sweet clover, and such a mixture as peas- 
and-oats, all furnish good hay for the ewe flock. Well-preserved pea or 
bean straw or alfalfa or clover chaff is a fair substitute for part of the 
legume hay. 

Timothy hay cut at the usual stage of maturity and marsh hay are 
unsatisfactory for ewes, for not only are they unpalatable but also they 
may cause serious constipation.^® Moreover, the heads of timothy work 
into the«wool^ irritating the skin and lowering the quality of the wool. 
As has been pointed out in the preceding chapter, early-cut timothy is 
much better than that cut late, though not equal to alfalfa or clover. 
(1208) Bright corn fodder or corn stover, cut while the leaves are still 
green, is preferable to ordinary timothy hay,^^ and early-cut bluegrass 
hay, prairie hay, or oat hay, or even bright oat straw may often be used 
satisfactorily as part of the roughage, when fed with legume hay.^^ 
Straw alone or straw and silage is unsatisfactory as the roughage for 
ewes.^® 

When no legume hay is fed, it will be necessary to feed more con- 
centrates, and these should furnish plenty of protein. If it is necessary 
to winter ewes with little or no legume hay, 0.25 to 0.50 ounce per head 
daily of ground limestone or oyster shell should be fed, or a mineral 
mixture furnishing calcium should be provided where the ewes can have 
access to it. (181) 

1239. Succulent feeds for ewes. — Silage, roots, or other succu- 
lent feeds aid greatly in preventing constipation and in keeping the ewes 
thrifty in winter, especially when little or no legume hay is available. 
Adding silage to an abundance of good alfalfa hay does not usually make 
much difference in the thrift of the ewes or the vigor of the lambs.^^ 
The economy of using silage under such conditions will depend on the 
relative cost of silage and of alfalfa hay, good corn silage being worth 
about one-half as much per ton as such hay. (1216) Though roots are 
excellent for ewes, silage is a much more economical feed under condi- 
tions in the United States. 

It is commonly recommended that pregnant ewes be fed no more 
than about 2 lbs. of silage daily per 100 lbs. live weight. However, larger 
allowances can be used satisfactorily when silage of excellent quality is 
fed with plenty of good legume hay.^® As has been mentioned in the 
pffevious chapter, good com silage has even been used successfully as the 
only roughage for pregnant ewes, when a sufficient amount of protein 
supplement has been fed and also a calcium supplement. (1217) . 

1240. Concentrates for ewes. — ^Not only the amount but also the 
kind of concentrates required by breeding ewes will depetid on the sort 
of roughages that are used. If a liberal amount of legume hay is fed^ 
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the concentrates may be chiefly or entirely grains, such as oats, com, 
barley, or the grain sorghums. 

Oats are highly esteemed as a feed for ewes and are often fed as 
the only concentrate with legume hay. Corn is considered too fattening 
by many shepherds to be used as the chief concentrate. They prefer 
bulky mixtures containing considerable oats or wheat bran. However, 
when plenty of protein is furnished by legume hay or other protein-rich 
feeds and the ewes are not over-fed on corn so that they become unduly 
fat, corn can be used satisfactorily as the chief grain.^® Barley, wheat, 
and the grain sorghums are all satisfactory for breeding ewes when fed 
in suitable mixtures. 

Unless a liberal amount of legume hay is fed to the ewes, it will be 
necessary to include a sufficient amount of a protein supplement in the 
concentrate or grain mixture to balance the ration. Several concentrate 
mixtures that are suitable for feeding with various combinations of 
roughage are given in Appendix Table VII. The values of the various 
protein supplements have been discussed in the previous chapter. Wheat 
bran and linseed meal are probably most widely used for the breeding 
flock in the United States, but other supplements are satisfactory when 
more economical. 

Under unusual conditions when hay is high in price in comparison 
with grain, it may be economical to restrict somewhat the amount of hay 
fed to ewes and to increase the grain or other concentrates. In Montana 
trials it was found that each pound of corn replaced 2.5 lbs. of alfalfa 
hay in wintering ewes, when 0.3 lb. com was fed in place of part of 
the hay.^^ 

1241. Pregnancy disease of ewes. — This disease is one of the most common 
causes of death of pregnant ewes in the late winter and early spring, within a 
month before lambing. It is apparently due to conditions of feeding and manage- 
ment, but the exact cause is still in doubt, although the disease has been studied 
by several investigatora.i8 It occurs in ewes that are well-fed, but in such cases 
there has usually been a lack of exercise. It also affects ewes that have had an 
inadequate ration with roughage of poor quality, even when they have had plenty 
of exercise. The disease is most apt to affect ewes carrying twins or triplets, and 
also affects older ewes more often than yearlings. 

The disease seems to be associated with a deranged metabolism of carbohydrates 
in the body, and seems in certain respects to resemble acetonemia in dairy cows. 
(927) Though the exact cause of the disease is not yet known, it is fortunate that 
there is generally but little trouble from it when the ewes before lambing are fed 
and cared for as has been advised in this chapter. It is believed that the follow- 
ing factors will aid in preventing the disease: The feeding of an ample amount 
of good legume hay; the use of sufficient grain or other concentrates to keep the 
^wes in satisfactory condition; preventing constipation; and seeing that the ewes 
get sufficient exercise. 

1242. Stiff lamb disease. — This is a strange disease of young suckling lambs, 
which usually becomes apparent when lambs are 1 to 5 weeks old. The lambs that 
nre affected become characteristically stiff and in advanced cases they may be 
unable to get up or to walk any great distance. Some stiff lambs stagger around 
for several days and then gradually improve, but many become so stiff that they 
&re unable to walk or to nurse without assistance. It is doubtful that death is due 
to the disease itself, but owing to starvation the lambs become so thin and weak 
that they die or are killed by the owner. 

Post-mortem examination of stiff lambs shows that certain of the muscles have, 
undergone degeneration, becoming whitish in color.i® Almost invariably the dis- 
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ease affects the same muscles on the two sides of the body. The trouble seems to 
be due entirely to feed or management and not to infection. 

In experiments during 5 years at the New York (Cornell) Station stiff lambs 
were produced experimentally each year when the ewes were wintered on a ration 
of oats, barley, cull beans, and second-cutting alfalfa hay.20 it was thought at first 
that liberal feeding of the ewes so that they became too fat and also a lack of 
exercise tended to cause the disease, but ewes which were fed this ration produced 
stiff lambs, even when exercised abundantly and fed only a moderate amount. 

In contrast to the results on this ration, not a single stiff lamb was produced 
by ewes which were fed a ration of oats, wheat bran, corn silage, and mixed clover- 
and-timothy hay. In many cases, the ewes fed the latter ration had previously pro- 
duced stiff lambs in farm flocks or when fed the experimental ration first mentioned, 
but none produced stiff lambs when fed this “good” ration. 

The exact cause of the trouble is still in doubt, but it is fortunate that appar- 
ently it can usually be prevented by feeding a simple ration consisting of grain, 
wheat bran, corn silage, and mixed hay. Farmers who had previously suffered 
severe losses from the disease have reported much better results after changing to this 
ration or one which is similar. 

1243. iiatnbing time. — Profits in sheep raising often depend 
largely on skillful attention at lambing time, for heavy losses of lambs 
frequently occur in farm flocks when such care is lacking. The shepherd 
should therefore be close at hand to give assistance to any ewes or lambs 
that need it. In order to know when the ewes are due to lamb, it is wise 
to keep a breeding record, showing when each was bred. Just before 
lambing little grain or other concentrates should be fed, so as to reduce 
the danger of milk fever. All tags of long and loose wool about the rear 
and the udder of each ewe should be removed at this time. 

It is best to put each ewe in a ‘‘ holding or “lambing’^ pen imme- 
diately after lambing or shortly before, and this should be kept bedded 
with clean straw. The ewe should remain here for 3 or 4 days after 
lambing, until the mother and her offspring become thoroughly accus- 
tomed to each other and the lambs are strong enough to look out for 
themselves among the flock. The lambing pens may be made by setting 
up panels 4 feet long, hinged in pairs, along a warm side of the stable. 
In very cold weather burlap sacks hung on the panels will help keep 
new-born lambs warm. 

During lambing the ewe should not be disturbed unless assistance 
is needed. Weak lambs often need special attention to save them. The 
mucus should be cleaned from the nostrils and mouth of any weakling, 
and if it is unable to nurse within a half hour after birth it should have 
patient assistance. A chilled, new-born lamb is best warmed by immers- 
ing all. but the head in water as hot as the elbow can bear. When well 
warmed, it should be wiped dry, taken to its mother, and helped to nurse. 
Some advise wrapping it in thick woolen cloths that have been warmed 
on a stove, and renewing these as often as they become cool. A lamb 
bom almost lifeless may often be restored by alternately blowing gently 
into the mouth to start breathing, and laying it on its belly and slapping 
the body smartly on each side of the heart. 

One twin is often weaker than the other, and frequently the mother 
cares only for the stronger one. In such cases the weakling should be 
helped to its full share of food. If the navel cord has not broken off, it 
should be broken off 4 or 5 inches from the body soon after birth. Tine- 
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ture of iodine should always be applied to the stump of the cord to 
prevent infection. 

A ewe that refuses her lamb will usually accept it if they are kept 
together in a lambing pen and the lamb helped to suckle a few times. 
The stubborn ewe may be tied so that she cannot prevent the lamb nurs- 
ing. In case a ewe loses her lamb, she may often be induced to adopt a 
twin by first sprinkling some of her own milk over it. Still more effective 
is tying the skin from the dead lamb upon the back of the one to be 
adopted. 

1244. Breeding studies; weights of lambs at birth.— The number 
of lambs raised per 100 ewes of breeding age, or the percentage of in- 
crease, will vary widely depending on the conditions under which the 
sheep are kept and also depending on the breed. Fine-wool sheep are 
less prolific than the mutton breeds, and the percentage of increase can 
be made much greater with farm fiocks than under range conditions. 

In the western range states the average number of lambs raised to 
market age in the different states for each 100 breeding ewes is estimated 
at 57.7 to 92.5, the average of 11 states being 75.^^ In certain fine-wool 
fiocks in Ohio, an average of 80 to 82 lambs were raised per 100 bred 
ewes.^^ With ewes of the mutton breeds, kept under excellent conditions, 
the percentage of increase can be much greater than this. For example, 
during 24 years at the Wisconsin Station the average number of live 
lambs born per 100 ewes of various mutton breeds was 161.^® 

In these studies the average birth weights of single lambs were aa follows for 
the various breeds: Shropshire, 9.5 lbs.; Southdown, 9.2 lbs.; Hampshire, 10.6 lbs.; 
Cheviot, 9.5 lbs.; Dorset, 10.2 lbs.; and Oxford, 10.4 lbs. The average birth weights 
of the twin lambs were: Shropshire, 7.7 lbs.; Southdown, 7.7 lbs.; Hampshire, 8.2 
lbs.; Cheviot, 7.7 lbs.; Dorset, 8.5 lbs.; and Oxford, 8.2 lbs. The triplet lambs were 
somewhat smaller than the twins. In California studies the average birth weight 
of Rambouillets was 9.9 lbs.; of Hampshires, 9.3 lbs.; of Shropshires, 8.6 lbs.; of 
Southdowns, 8.7 lbs.; and of Romneys, 9.0 lbs.24 In the Wisconsin studies the ram 
lambs averaged 0.5 lb. heavier at birth than the ewe lambs. 

The percentage of increase of ewes tends to grow greater until they 
reach the fifth or sixth year, as shown by the Wisconsin studies and 
studies by Roberts of purebred Shropshires.^® This is doubtless due 
somewhat to discarding the poorer breeders as 3-year-olds. The larger 
ewes of a given breed tend to have a greater percentage of increase and 
their lambs tend to be larger. The gestation period tends to be slightly 
longer for the larger lambs. 

1246. After lambing. — Soon after lambing, the ewe should be 
given water with the chill removed but should not be allowed to drink 
too much at a time. To avoid udder trouble, but little grain should be 
fed for the first 2 or 3 days, although she may have all the dry roughage 
she wishes. Close attention must be given for a few days to see that the 
lamb is taking milk from both sides of the udder. All surplus milk 
should be drawn, or better, a needy lamb helped to an extra meal. Caked 
udders and sore teats should receive prompt treatment. 

With the demand for more milk by the lamb, it pays to increase the 
ewe’s ration, for lambs make the most economical gains when suckling. 
It must be borne in mind that the ewe is not only producing milk and 
maintaining her body, but that she is also growing wool, which is protein 
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in character. If there is not sufficient roughage of high quality for the 
entire winter, the most palatable portion should be reserved until after 
the lambing period. Plenty of legume hay should be fed, if possible, and 
also silage or other succulent feed, if it is available. After lambing, the 
ewes can safely be allowed all the succulent feed they will eat in addition 
to what hay they want. 

If there is, unfortunately, little or no legume hay for the ewes at 
this time, it will be necessary to include more of such feeds as linseed 
meal, cottonseed meal, and wheat bran in the concentrate mixture. 
Rations meeting the requirements of the Morrison feeding standards for 
ewes nursing lambs will provide enough protein and total digestible 
nutrients for good results. (Ax)pendix Table III.) 

An allowance of 1 lb. of concentrates a head daily, or slightly more 
in some cases, should be enough with satisfactory roughage to produce a 
good flow of milk. Ewes that are in thin condition at lambing time will 
need more concentrates than those in good flesh. 

Thasame concentrate mixtures may be used for ewes nursing lambs 
as for pregnant ewes, except that some protein supplement should always 
be included in the ration unless good legume hay is fed as the only rough- 
age. Oats are excellent for ewes that are nursing lambs, and many experi- 
enced shepherds prefer to use a concentrate mixture including a con- 
siderable proportion of oats.^® 

1246. Ewe’s iuilk. — In America the milk of sheep is seldom used by man, 
but abroad, especially in the mountain regions of continental Europe, it is exten- 
sively employed, both for direct consumption and for the manufacture of cheese. 
The average composition of ewe’s milk, compared with cow’s milk, is shown in 
Appendix Table I. It will be noted that ewe’s milk is much richer in protein 
(casein and albumin) and fat, and also higher than cow’s milk in ash. Ewe’s milk 
has a peculiar, somewhat unpleasant odor and taste; it is thicker, and sours more 
slowly than cow’s milk. The fat content is extremely variable, ranging from 2 to 
12 per cent. The butter is pale yellow, less firm than cow’s butter, and becomes 
rancid much quicker. 

The yield of milk by sheep will vary greatly, according to breed and feed. 
The East Friesian milk sheep in Germany at 2 to 3 years of age yield from 3 to 4 
quarts of milk daily for 2 months after weaning their lambs, and keep up an 
excellent flow during the autumn months. These sheep are prolific, dropping 2 or 
3 lambs and some individuals lambing twice a year. Three sheep are estimated 
to consume as much feed as 1 cow. Ordinary sheep yield from 100 to 150 lbs. of 
milk per year, while the milk breeds produce 300 lbs. or more. 

1247. Milking qualities of ewes. — In building up a profitable flock 
it is highly important to select ewes on the basis of their milk production 
and nursing qualities, as well as on type and conformation. The rate of 
gain made by a lamb during the suckling period depends more largely on 
the amount of milk the dam produces than on any other factor. 

In studies at the New Hampshire Station there was a difference of 
79 per cent in the gains during the suckling period of lambs from heavy- 
mfilking ewes and poor-milking ewes.^^ The amount of milk was much 
more important than its richness in fat. 

But relatively little information is available concerning the compo- 
sition and yield of milk from the various common breeds of sheep. In 
studies at the Wisconsin, New Hampshire, and Idaho Stations the daily 
yield of milk by ewes of various breeds ranged from less than 2 lbs. to 
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7.5 lbs., and the fat content from 3.8 to 12.1 per cent.*® There was a 
much greater range in fat percentage for the milk of ewes of the same 
breed than difference between the average composition for the various 
breeds. 

In a trial at the Wisconsin Station ewes consumed 113 lbs. of dry 
matter for each 100 lbs. of milk produced.*® Considering that ewes are 
growing fleeces and that their milk is richer in fat and protein than 
cow^s milk, such ewes compare favorably with cows in economy of pro^ 
duction. In this trial lambs consumed 640 lbs. of their dam’s milk for 
each 100 lbs. they gained. 

1248. Orphan lambs. — If possible, a foster mother should be found for any 
orphan lamb. However, in case this cannot be done, the orphan can be success- 
fully raised on cow^s milk, though close attention is necessary the first month.so 

For the first week the lamb should have some colostrum ewe^s milk, if possi- 
ble, by letting it nurse ewes whose lambs are not yet old enough to take all of the 
milk. The cow’s milk should bo from a cow giving milk rich in fat, since ewe’s 
milk is high in fat, or cream may be added. For the first 3 or 4 weeks the lamb 
should be given milk from the same cow, if possible. For the first day or two after 
birth only 2 to 4 tablespoonfuls of milk should be given at a time, and the lamb 
should be fed at least 4 times each 24 hours. 

The milk should be fed from a bottle with a medium-sized nipple attached and 
should always bo warmed to approximately 100° F. by immersing the bottle in 
water of this temperature or slightly above. The bottle and nipple should be care- 
fully washed after each feeding. After the lamb is 2 to 3 weeks old, it is not 
necessary to feed it more than 3 times a day. Cow’s milk may also be used to 
supply additional feed to lambs in case a ewe with a scanty milk supply has twins. 

1249. The young lambs. — During the suckling period of about 
4 months, well-fed lambs will make about two-thirds of the growth and 
gain in weight they will make during the entire first year.®^ Furthermore, 
the most economical gains are made at this time. It is thus very impor- 
tant that lambs in farm flocks be well fed during this period. During 
the summer a lamb on pasture will consume nearly as much feed as a 
dry ewe, according to Nevada trials, and a ewe and her lamb will con- 
sume twice as much feed as a dry ewe.®* 

At least until pasture is ready in the spring, early lambs should be 
fed both grain and hay in a ‘‘creep” as soon they show a desire for feed 
in addition to the milk of their dams.®® This will be when they are about 
2 weeks old. The creep is made by fencing off a corner of the bam with 
panels in which there are openings just wide enough to allow the lambs 
to pass through, while keeping the ewes back. Within the creep there 
should be a hay rack and a low, shallow grain trough with a board length- 
wise above the trough to prevent the lambs jumping into it. In this 
trough a suitable concentrate mixture is fed, only a little being sprinkled 
at first. Fresh feed should be put in twice a day, and all the refuse should 
be fed to the ewes. 

An excellent concentrate mixture for young lambs is : 20 lbs. coarsely 
ground or cracked corn, 20 lbs. coarsely ground or crushed oats, 10 lbs. 
wheat bran, and 10 lbs. linseed meal or cake or soybean oil meal. If the 
lambs are all to be fattened for market, most of the concentrates may be 
corn or other grain, for the milk will furnish ample protein. A mixture 
of half corn and half oats is often used. 

Corn alone will give satisfactory results if the lambs have choice 
legume hay, though it is not liked quite so well by lambs as the mixtures 
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mentioned and usually will not produce quite as rapid gains.®* Most 
experienced shepherds prefer not to use more than half com in a mixture 
for Iambs to be retained for the breeding flock. After the lambs are 5 to 
6 weeks old, there is no advantage in grinding the grain. 

Fine alfalfa or second-crop clover hay should also be provided in the 
creep, and silage or roots will be appreciated. All feed should be fresh — 
that which is left over can be given to the ewes or other stock. Care 
should be taken to provide fresh, clean water. 

1250. Docking and castration. — All the lambs should be docked 
and the ram lambs not intended for breeding should be castrated when 
1 to 2 weeks old, with the possible exceptions noted later. Some advise 
docking the ewe lambs when 8 to 14 days old and the rams 5 to 7 days 
after castration; others recommend docking at the same time the ram 
lambs are castrated. 

Recent experiments have shown that ram lambs may make as rapid 
or even more rapid gains than wether lambs until after 4 or 5 months 
of age.®^. Also up to this age there is but little difference in the carcasses 
of ram andVether lambs. However, on the large markets, long-tailed 
and uncastrated lambs, even when no older than this, often sell at a dis- 
count of $1.00 per hundred pounds. This makes castration and docking 
highly advisable. On certain local markets there is apparently little 
discrimination against ram lambs up to this age. 

When older than 4 or 5 months, ram lambs yield carcasses of dis- 
tinctly lower value than wethers, being heavy in the fore quarters and 
containing a smaller proportion of valuable cuts. In hot-house lamb 
production the ram lambs are not commonly castrated. 

1251. Turning to pasture. — Good pasture should be provided for 
the ewes and lambs as early in spring as possible. This not only lessens 
the cost but also aids in keeping them thrifty. At first they should be 
turned to pasture for only a short time, 2 to 4 hours, during the warm 
part of the day. The ewes and lambs should then be brought back to their 
shelter, where a full feed awaits them. In the North winter rye provides 
excellent early grazing, and farther south winter oats and wheat furnish 
pasturage during the colder months. 

When the forage has become ample, stable feeding may be discon- 
tinued for the ewes, or for both ewes and lambs, according to the plan 
followed. With good pasture, breeding ewes need no grain. Shade and 
plenty of fresh water should always be provided for ewes and lambs on 
pasture. 

1252. Feeding concentrates to lambs on grass. — ^Whether or not 
it will pay in the case of suckling lambs intended for slaughter, to feed 
grain or other concentrates by means of a creep when they are on pasture 
depends on several conditions. Unless the grazing is excellent, lambs fed 
grain will make somewhat more rapid gains and therefore be ready for 
market earlier. Sometimes this will make the grain feeding profitable, 
as it will make it possible to market the lambs early, before a fall in price. 
Also, when there is trouble from stomach worms and other internal para- 
sites, a liberal supply of feed helps keep the Iambs thrifty. It has been 
previously pointed out that early lambs should be fed grain in addition 
to their mothers’ milk before they are turned to pasture. 

If care is taken to provide good pasture for the ewes and lambs, it 
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may be most profitable to feed no graiti or other concentrates to lambs 
on pasture. For example, in trials during 4 years at the Indiana Station, 
suckling lambs fed no grain on good pasture gained 0.61 lb. per head 
daily, in comparison with 0.62 lb. for others fed com or a suitable con- 
centrate mixture in a creep.^® On the average, the lambs fed no grain 
were worth only 10 cents less per hundredweight than those given grain 
on pasture, and they returned a greater profit. 

Similar results were secured in Tennessee and Wisconsin trials.®^ In 
5 Alabama experiments grain-fed lambs returned only 24 cents more per 
head over the cost of feed than did lambs fed no grain on pasture.^® If 
the pasturage is good, it is not necessary to feed grain to suckling lambs 
6n pasture which are intended for the breeding flock, unless it is desired 
to force valuable purebred lambs to maximum growth. 

Corn or a mixture of com and oats is satisfactory for feeding to 
suckling lambs on pasture, as the milk provides sufficient protein to bal- 
ance these grains. Heavy feeding of corn in hot weather may cause the 
lambs to go off feed, however. Many prefer such mixtures as corn, 2 or 
3 lbs. ; oats, 2 or 3 lbs. ; bran, 1 lb., and linseed meal, 1 lb. 

1253. Marketing lambs early; weaning lambs. — Where farm lambs 
are raised under good conditions and with plenty of feed, it is often most 
profitable to sell before weaning those that are intended for market. This 
is especially the case with early lambs. Lambs thus marketed early, be- 
fore the western lambs reach the market, usually bring a considerably 
higher price per 100 lbs. than if they are marketed in late fall or in 
winter. 

Lambs of the mutton breeds which are to be retained in the flock, 
or those which do not have sufficient weight and finish to be marketed, 
should be weaned at about 4 months of age. This should be done for 
their own good as well as to allow their dams a rest before another breed- 
ing period. If possible, advantage should be taken of a cool spell in 
summer to wean the lambs, as they will then be more comfortable during 
this trying period. 

The lambs should be so far separated from their dams that neither 
can hear the bleating of the other. For a few days the ewes should be 
held on short pasture or kept on dry feed in the yard, so as to reduce 
their milk flow. The udders must be examined, and, if necessary, as is 
often the case with the best mothers, they should be milked out a few 
times, so inflammation will not result. 

It is especially important to provide fresh pasture, free from para- 
sites, for the lambs after weaning. Profitable gains cannot be expected 
if the lambs are taken from their mothers and left on a bluegrass pasture 
infested with parasites and where the feed is scanty because of heat and 
drought. This practice is the chief cause of the large number of thin, 
scrawny lambs which reach the central livestock markets each year. The 
various pasture crops which are suitable for lambs are discussed in the 
preceding chapter. 

Whether or not to feed grain to lambs after weaning will depend 
on the relative prices of grain and pasture and on the premium paid for 
well-finished lambs. From trials at the Ohio Station it was concluded 
that the feeding of grain after weaning is not necessary for the eco- 
nomical production of well-finished lambs, if an abundance of good pas- 
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ture is provided.*® Ewe lambs to be retained in the flock need no grain 
when grazing is good. Ram lambs require grain during the fall to secure 
proper development, whether they are to be sold as lambs or retained till 
yearlings. 

1264. Cost of maintaining ewes. — The cost of maintaining ewes 
will vary quite widely in different parts of the country, and will differ 
considerably depending on whether the flock can get any important part 
of their fall and winter feed by grazing on stalk and stubble fields, thus 
utilizing feed that might otherwise be wasted. 

Where no such grazing is available, it will require 400 to 600 lbs. 
or more of hay or other dry roughages (deducting the amount wasted) 
to carry a breeding ewe of average size, weighing 100 to 150 lbs., through 
the winter period of 5 to 6 months. Also, for the best results about 20 lbs. 
of concentrates per ewe should be fed prior to lambing and perhaps addi- 
tional concentrates for flushing the ewes at the breeding season. In the 
case of ewes lambing early, additional concentrates will be needed for 
the ewes ..and lambs before the pasture season. 

In addition to the cost of winter feed and of pasture, in estimating 
the total cost of keeping ewes there must be included the man and horse 
labor, the interest, depreciation, and mortality risk on the ewes, the 
housing charge, and any miscellaneous expenses. On the credit side are 
the wool and lambs produced and the value of the manure from the flock. 

In 70 Ohio fine-wool flocks containing an average of 116 sheep the 
average amounts of feed required per head during the year for the 
3-year period, 1930-1932, were 218 lbs. of dry roughage (42 per cent of 
which was legume hay) and 51 lbs. grain, in addition to the feed fur- 
nished by pasture and other grazing. In these flocks 61 ewes were bred, 
on the average, each year, and 82 lambs were raised for each 100 ewes 
bred. The mortality of mature sheep was 4.7 per cent a year, and the 
amount of man labor per sheep a year was 2.6 hours. The cost of feed, 
including pasture, was $2.57 ; and the total cost per sheep, $3.98.^® The 
average yield of wool per sheep was 9.44 lbs. 

The average amounts of feed required yearly per head in 103 flocks 
in western New York, containing an average of 58 sheep, were 46 lbs. of 
concentrates, 486 lbs. of hay, and 190 lbs. of other roughage, including 
silage, fodder, and stover.^^ On the average, 7.8 lbs. of wool were sold 
per head, 97 lambs were raised per 100 ewes, and 6.1 hours of man labor 
were required a year per sheep. Under 1933 conditions, the average 
yearly costs per sheep were as follows: Feed, except pasture, $2.54; 
pasture, $1.29 ; bedding, $0.17 ; man labor, $0.95 ; building charges, $1.14 ; 
equipment costs, $0.04 ; interest, $0.31 ; other costs, $0.14 ; total cost per 
head, $6.58. 

Detailed records were secured over a term of years at the Penn- 
sylvania Station on the cost of maintaining purebred Shropshire and 
Delaine-Merino ewes fed various rations.^® The most economical winter 
ration tested was an allowance for the Shropshires, which averaged 172 
lbs. in weight, of 2.50 lbs. alfalfa hay, 3.07 lbs. corn silage, and 0.22 lb. 
concentrates. The Delaine-Merino ewes, averaging 122 lbs. in weight, ate 
2.30 lbs. alfalfa hay, 2.95 lbs. corn silage, and 0.27 lb. concentrates per 
head daily. 

An average of 85 lbs. bedding was required per ewe during the 
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winter, and 735 lbs. manure were produced per ewe. The Shropshires 
sheared 7.66 lbs., on the average, and the average weight of the lambs 
at weaning was 59.0 lbs. The Delaine-Merinos sheared 11.1 lbs. and 
their lambs averaged 53.1 lbs. at weaning. 

1266. Factors affecting the net income from sheep. — The various 
cost-accounting studies that have been made of sheep and wool production 
show clearly that some of the most important factors affecting the net 
income are the following: (1) A flock of sufficient size to make possible 
the efficient use of labor, buildings, equipment, and ram. (2) A flock that 
has been selected to produce a high yield of wool per ewe and a high 
percentage of lambs as well. (3) Proper feed and care of the ewes, so 
that they will produce vigorous lambs and furnish plenty of milk for 
them. (4) Plenty of good pasture, preferably rotated so as to aid in the 
control of parasites. (5) Thorough control of stomach worms and other 
internal parasites, and also control of ticks and lice. 

1266. Stomach worms and other parasites. — In the humid districts 
of the United States, stomach worms, Haemonchus contortiis, and also 
other internal parasites are a serious tax upon sheep raising. For success 
it is necessary to use effective methods of controlling these parasites. 

The stomach worms not only draw nourishment from the blood, but 
it is also believed that poisonous secretions from the worms reduce the 
number of red blood cells and the hemoglobin content of the blood of the 
infested animals. Badly affected sheep may have only one-quarter the 
normal number of red blood cells. Lambs are usually affected more 
seriously than older sheep. 

The eggs of the stomach worms pass out in the droppings of the 
sheep and are scattered about the pastures, where they soon hatch and 
d(welop to the larval stage. Sheep become infested only by swallowing 
the worms at this stage while grazing. 

Fields on which no sheep, cattle, or goats have grazed for a year, 
and those that have been freshly plowed and cultivated since sheep grazed 
thereon, are practically free from infestation. Old bluegrass pastures are 
especially to be avoided. It is also dangerous to alloAV sheep to drink 
from stagnant pools. During warm weather, otherwise clean pastures 
may become infested in 10 to 20 days of grazing. 

To remove the worms from the intestinal tract of sheep various 
drenches are recommended, the most common probably being the 1 per 
cent solution of copper sulfate in water.^^ The dose depends on the size 
of the sheep. A good rule is to use 1 ounce of the solution for each 30 
to 35 lbs. of sheep or lamb and never give more than 5 ounces to any 
sheep.^^ The dose for an average ewe is from 3.5 to 4.0 ounces. 

As copper sulfate is poisonous, the solution must be carefully made 
up and accurately administered for safety. So the drench will control 
some of the common tape worms as well, 1 ounce of a 40 per cent solution 
of nicotine sulfate may be added to 3 to 4 quarts of copper sulfate solu- 
tion. Feed and water should be withheld from the sheep for about 18 
hours before drenching and for 5 or 6 hours after drenching, to increase 
the effectiveness. Other drenches sometimes used are carbon tetrachlo- 
ride, tetrachlorethylene, and LugoUs iodine solution. 

If sheep are severely infested with stomach worms, a second treat- 
ment should be given after 10 days. It is a good plan to drench sheep 
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at regular intervals throughout the grazing season. In the northern 
states once a month from the time they go on pasture will usually give 
effective control. In the South more frequent drenching may be neces- 
sary. Early lambs are ordinarily given the first treatment at weaning 
time. . 

Where it is possible to rotate on various pasture plots at intervals 
of 2 weeks, trouble from stomach worms and other parasites may be 
largely prevented without drenching. Temporary pastures, such as rape 
or cloyer, are well adapted to this system, for it requires 3 or more 
separate, clean pasture lots. Where permanent pastures are used, this 
plan is often difficult to follow. 

The first essential in control of stomach worms and other intestinal 
parasites is to protect the lambs, for they are much more seriously affected 
than older sheep. Thorough drenching of the ewes in the spring with 
some vermifuge will remove most of the worms and aid in keeping the 
lambs free from them. Immediately after weaning, the lambs should 
always be turned on fresh, clean pasture, on which no sheep have grazed 
previously that season. 

In a plan of rotating pastures so as to prevent serious trouble from 
stomach worms, advantage should be taken of the uninfested grazing 
furnished by stubble fields, aftermath in meadows, and corn fields. In 
the northern states worm-free and infested sheep may graze together from 
the last of September until May with but little danger. Well-fed, thrifty 
sheep and lambs can resist parasites much better than those getting poor 
feed and care. 

To eradicate ticks or lice, both mature sheep and lambs should be 
dipped with a suitable preparation in the spring as soon as the cuts 
have healed on the sheep that have been shorn. If badly infested, the 
sheep should be dipped a second time to kill any parasites that were 
in the egg stage before. The second dipping should be 24 to 28 days 
later for ticks and 14 to 16 days later for lice. The sheep should be 
dipped on a clear, warm morning, so they will dry during the day. In 
fall the flock should be dipped again, if necessary. In case of scab, 
prompt and thorough dipping is necessary. 

1267. Range sheep production. — ^About two-thirds of the sheep in 
the United States are in the 11 western states and in Texas. Here most 
of them are kept under range conditions.^® The ranges grazed by sheep 
are usually the rougher areas of the plains, foothills, and mountains. 

The high mountain ranges furnish excellent forage for sheep during 
the summer months, for there is usually an abundance of water and good 
pasturage, and the days are cool. The plains and the semi-desert ranges, 
which are too hot and dry in summer, furnish excellent winter range, 
and during the spring and fall the foothills are used to good advantage. 
Sheep do well on sagebrush and salt-sage browse, neither of which is 
palatable to cattle, and cattle can browse on the higher growing species 
which sheep cannot reach. For grazing throughout the year, commonly 
4 to 20 acres of range are needed for a mature sheep. 

The unit, or band, of range sheep may vary considerably in size, but 
it usually contains 2,000 to 2,500 sheep. From lambing time to weaning 
aboijt 1,200 ewes and their lambs are usually kept in one band, and after 
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the lambs are weaned, two bands of ewes are combined for the breeding^ 
and winter period. 

Most of the western sheep producers use the same general method in 
handling their sheep. A band is put in charge of one herder, who with 
his dogs, stays with the sheep, day and night, throughout the season. The 
herder is quartered in a covered wagon, equipped for his needs, except 
when he is near headquarters or in summer when the sheep are on a high 
mountain range where the wagon cannot follow. A tent is then used for 
shelter. 

A camp tender, with a wagon or pack animals, supplies the herder 
with food and moves his camp, as the sheep need new grazing ground. 
One camp tender may take care of two or more herders, and in large 
enterprises a range foreman is usually in charge of several bands. Addi- 
tional help is needed during lambing and shearing. In Texas, a common 
method is to keep the range sheep in fenced pastures, where they can 
graze undisturbed. Under this system one man can care for a larger 
number of sheep, and the sheep can make better utilization of the feed 
than on an unfenced range. 

On the ranges the sheep receive no feed except the pasturage during 
the growing season, and often a range at low altitude furnishes most of 
the winter feed, especially in the southern districts. Usually, however, 
it is necessary to make provision for additional feed during the winter, 
such as alfalfa and other hay, or cottonseed cake or meal. 

Where early lambs are produced, as in certain valleys of California, 
Oregon, and Arizona, the ewes lamb in sheds from late in January to 
early in March. The lambs are raised on the valley and foothill ranges 
and are marketed as fat spring lambs in spring or early in summer, 
before the low-lying ranges dry up. In this system aged ewes are fre- 
quently used, which would not thrive under the usual range system. 

The more general range practice is to have the ewes drop their lambs 
on the range, usually in May. After the ewes are sheared, the bands are 
gradually moved to the high mountain ranges, where they graze during 
the summer. The wether lambs and also the ewe lambs which are not 
needed for replacements in the ewe flocks are marketed in the fall, gen- 
erally in September and October. Some are fat enough for immediate 
slaughter, especially if the summer forage has been abundant, but most 
of them are fattened for market by men who make this a specialty. 


II. Fattening Lambs and Sheep 

1268. Fattening feeder lambs. — Relatively few of the lambs raised 
on the western ranges become fat enough on the range forage to meet the 
demands of the large markets for slaughter lambs. Therefore they are 
commonly sold as feeders and then fattened in districts where grain and 
other concentrates are cheaper than in the range sections. 

At one time most of the western lambs were fattened by large oper- 
ators who each fed thousands of lambs a year. Now most of the lambs 
are fattened by farmers who finish one or more carloads. They raise most 
of their own feed and usually consider that enough fertility is returned 
to their land through the feed lot to pay the labor cost of feeding. 

Just as is the case in the fattening of feeder steers, good judgment 
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in purchasing the feeder- animals and in selling them at the right time 
plays an exceedingly important part in determining whether there will 
be a profit or a loss in the feeding operations. The cost of the feeder 
lambs forms more than half the cost of the fattened animals. Also, the 
cost per 100 lbs. of the gains made in the feed lot is usually greater than 
the selling price per 100 lbs. of the lambs when fat. Therefore, to make 
a profit the fat lambs must sell at a higher price per hundredweight than 
their cost as feeders. In other words, a margin is required between the 
initial cost and the selling price. (1007) 

During recent years many men have fattened lambs under the ‘‘con- 
tract^’ system. In this system they do not buy the lambs, but furnish the 
feeds and fatten the lambs under a definite contract with the grower, 
receiving a specified price per pound for the gains made.^® 

In fattening lambs it must be borne in mind at all times that the 
object is to convert a thin animal into a finished product — a lamb fat 
enough to meet the market demands. Each year many farmers lose money 
because they dump half-fattened lambs on the market, where they again 
are sold as feeders, to be finished for the market by someone else who is 
better acquainted with the market demands. 

Usually men who feed lambs only occasionally make less of a finan- 
cial success of the undertaking than those who feed each year. The latter 
may lose money in the unprofitable years, but this will be offset by good 
returns the rest of the time. Just as important, they gain experience in 
this business, where good judgment is of great value. 

The discussions which follow deal chiefly with the fattening of lambs, 
owing to the fact that lambs constitute about 75 per cent of the sheep 
sold for slaughter. Also they deal largely with lambs from the western 
ranges. In general the same suggestions apply to farm-raised lambs which 
are not sold at weaning time but are fattened in the fall or winter. 

1259. Tyi^ of lamb fattening. — ^Ijarge numbers of lambs are fat- 
tened in the vicinity of the western beet-sugar factories, where the beet 
by-products — beet pulp, beet tops, and molasses — are fed, along with 
alfalfa hay and usually some grain in addition. In these districts and in 
general west of the Missouri River, most of th,e lambs are fed in open 
yards, with no shelter except a wind break. (1173) 

The hay is usually fed in lanes which extend between 2 rows of feed 
lots, each of which accommodates 400 to 500 lambs. The low fences bor- 
dering the lanes have a 7- or 8-inch space between the first and second 
boards, through which the lambs feed on the hay. About 1 running foot 
of lane fencing and feed troughs is allowed each sheep. The hay from 
the stacks is hauled down the lanes and piled along the fences, being 
pushed up to them 2 or 3 times a day as it is eaten away. Sometimes 
racks or self-feeders are used for the hay. The grain is fed in flat-bot- 
tomed troughs. 

In the com belt many farmers fatten western lambs in late fall and 
whiter on harvested feeds, sheltering them in a barn or an open shed, 
with or without an exercise lot. Usually all or nearly all the feed is 
raised on the farm, with the exception of protein supplements. Other 
systems that are followed are the grazing of lambs in the fall and the 
fattening in cam fields, which are discussed later. Often lambs are 
grazed in stubble fields or on aftermath in meadows and then finished 
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in a dry lot. Many lambs are fattened largely on pea-vine silage in the 
vicinity of pea canneries, especially in Wisconsin. 

In Michigan and eastward the lambs are generally not turned out 
from the barn or shed for exercise. Often a forced feeding system is 
followed, the lambs being brought to full feed as quickly as possible and 
then being given all the grain they will clean up. Often they are self- 
fed, as is discussed later. (1254) 

Several large feeding yards are located near Chicago and other large 
markets on the main railroads from the West. Here lambs which have 
been fattened in the western states are often fed and rested for a few 
days, so they will reach the market in good condition and without heavy 
shrinkage. Also, lambs may be carried through the entire fattening 
period at such yards. 

Some men usually fatten two lots of lambs each season, marketing 
the first in early winter and the second late in the spring. Should the 
weather grow warm before the lambs are finished, they are often shorn 
so they will make better gains. (1178) 

Others who market their lambs in the spring, when prices are usually 
higher than in the winter, use a deferred system of fattening. They buy 
small lambs in the fall, when it is easier to get thrifty feeders than it is 
in winter. Then they feed them on only hay or other roughage until 
60 to 80 days before the time they are to be marketed, when grain feed- 
ing is started and the lambs are finished on a liberal feed of grain. Dur- 
ing the preliminary period on roughage alone, the lambs will make very 
little gain, but experiments by the Oregon Station show that the total 
cost of fattening will be less than if a half allowance of grain is fed 
throughout the entire feeding period.'*^ 

Nebraska trials show that lambs thus fattened will make less expen- 
sive gains and reach a more desirable and more uniform finish than if 
they are full fed at first until nearly fat, and then are maintained in this 
fat condition for a month or two, making only small gains on roughage 
with a little grain.**® 

A larger margin between the initial cost and the selling price per 
hundred pounds is needed for profit in a deferred system of fattening 
than under the usual method, as the gains are usually more expensive 
and such costs as labor and interest are also higher.*® 

1260. Selecting feeder lambs. — The best feeder lambs, which will 
make the cheapest gains and develop into high-grade fat lambs, are 
thrifty, deep-bodied, broad, compact, and low-set, with smooth skin, 
free from wrinkles. Such feeder lambs naturally command the highest 
prices, and therefore the net returns are not always largest from the 
best grade of lambs.®® 

Some men specialize in fattening light-weight lambs, or *‘pewees,’’ 
sorted out from the shipments of feeder lambs from the ranges. These 
can usually be bought at a considerably lower price than the larger ones. 
Though some of these ‘‘pewees"' are apt to be unthrifty, most of them 
are merely younger than the rest or are small because their mothers were 
poor milkers. 

^ Experiments show that, if they are thrifty, such lambs, weighing 
lbs. or less, will make nearly as rapid gains as the larger ones and 
that their gains will be cheaper.®^ This is because they will require less 
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feed for each pound of gain, due to their younger age. Naturally, such 
lambs require a longer feeding period to reach a certain market weight 
or degree of fatness, and good shelter and more care are necessary in 
feeding them. Also, they should be fed apart from larger and stronger 
lambs. 

In purchasing ‘‘pewees,’’ lambs should be avoided that are small 
due to unthriftiness. This is especially important in buying small 
“native’’ lambs raised in the humid districts, where such lambs are apt 
to be small because they have been stunted by a serious infestation with 
stomach worms or other parasites. A considerable proportion of such 
cull, or “skip” lambs may make fairly satisfactory gains if fed expertly 
and treated for internal parasites and ticks,®^ but the salvaging of such 
products of poor management should be undertaken only by experts. 

Feeder lambs produced in the humid districts are more apt to be 
infested with stomach worms and other parasites than western feeder 
lambs, especially those from the northern range, and therefore often 
make less rapid and more expensive gains.®^ However, if the lambs are 
thrifty and*are thoroughly drenched before being placed on feed, they 
may make as good gains as western lambs.®^ 

There is not enough difference in the gains made by ewe lambs and 
by wether lambs in the feed lot, or in the market value when fat, to 
cause any decided preference among experienced men. However, wether 
lambs usually make slightly more rapid gains than do ewe lambs.®® 

Some have believed that lambs with heavy pelts make smaller gains 
and produce less desirable carcasses than those with lighter pelts. In a 
test by the United States Department of Agriculture there was, how- 
ever, no marked difference.®® Heavy-pelted lambs may, however, sell at 
a lower price, when fat, on the central markets. 

1261. Hints on fattening lambs. — ^Feeder lambs that are not used 
to grain or silage must be accustomed to these feeds gradually, or scour- 
ing and other digestive troubles will result, and perhaps even severe 
death losses. Especial care is necessary with lambs from the western 
ranges, which have undergone the hardship of shipment for a long dis- 
tance and which were probably not weaned from their mothers until 
they were separated for shipment. When feeder lambs are received on 
the farm, they should be given only a feed of hay for their first meal, 
and this should be preferably mixed hay or grass hay, as alfalfa hay 
may be too laxative for this first feed. It is risky to turn hungry 
feeder lambs that have just arrived, onto abundant pasture, as this may 
cause bloating or scours. 

After the lambs have rested from shipment, they may be fed as 
much hay or other dry roughage as they will clean up, but only a small 
amount of grain (not over 0.1 to 0.2 lb. per head daily) should be fed 
at first and only a little silage. The grain should be sprinkled along the 
trough, so none can get too much. The allowance of grain should be 
increased gradually, until in 4 to 5 weeks the lambs are receiving 1.0 to 
1.25 lbs. of grain per head daily. If silage is fed, the amount should 
also be increased gradually until the lambs are getting all the silago 
they will eat twice a day. During none of this time should more grain 
be fed than will be cleaned up in about 15 minutes. 

If it is desired to fatten the lambs as rapidly as possible by feeding 
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them all the grain they will eat, further increases should be made cau- 
tiously and only if all the lambs are cleaning up their feed regularly. 
The maximum amount of grain that should be fed is discussed later in 
this chapter. 

In no case should the getting of the lambs on feed be hurried, for 
this is apt to cause serious digestive trouble. It is a good practice to 
start the lambs on a mixture consisting chiefly of a bulky feed, like oats 
or wheat bran. The proportion of com or other concentrated feed is 
then gradually increased. When on full feed, the lambs may be given 
only com with a small amount of protein supplement, if this is needed 
to balance the ration. On warm days in winter it is often necessary to 
reduce the grain allowance slightly, or the lambs may go off feed. 

Sheep feeders do not begin operations at an early hour in winter^ 
preferring not to disturb the animals until after daybreak. The lambs 
are usually fed twice a day, grain being given first, followed by silage, 
if this is used, with the hay last. The trough in which grain is fed should 
be kept clean at all times, and there should be ample space, so that each 
animal may get its share of grain. 

Plenty of salt and fresh water should always be supplied fattening 
sheep. Regularity and quiet are of especial importance in securing good 
results. In all cases before sheep are put on feed, they should be dipped 
in a thorough manner, if any evidence of lice, ticks, or scab is foimd. 
When necessary, they should be drenched to eradicate stomach worms, 
but this is not usually needed in the case of western range lambs. 

1262. Death losses; overeating disease. — In the commercial fat- 
tening of lambs some death losses are unavoidable, and these must be 
considered in estimating the financial outcome of the enterprise. When 
healthy lambs are fed by expert feeders, the mortality should not exceed 
3 to 4 per cent, but much higher losses often occur if the lambs are not 
thrifty or if they are fed carelessly. The greatest danger comes at two 
times. The first is during the first few days while the lambs are recover- 
ing from shipment and are being started on feed. Severe losses sometimes 
also occur later, due to the so-called ‘‘overeating disease. This usually 
affects lambs which have been on full feed for some time and which are 
being crowded on a heavy allowance of grain, so they will make as rapid 
gains as is possible. 

The lambs affected by this overeating disease are almost invariably 
the largest, fattest, most vigorous, and greediest in the lot. Sometimes 
the disease causes very sudden death, the lamb throwing back its head, 
staggering, falling to the ground, and dying in convulsions, as though 
from an apoplectic stroke. For this reason the disease is often called 
''apoplexy,’' but it is really not apoplexy at all. More commonly, the 
lambs live a few hours, showing typical brain symptoms, such as the 
head being thrown back or the lamb running in a circle or pushing 
against a fence. In many instances lambs which have appeared thrifty 
the previous day are merely found dead in the morning. In only a few 
cases do the lambs recover. 

After extensive investigations of this disease Newsom and Cross of 
the Colorado Station conclude that it is probably due to indigestion 
produced by feeding a large amount of rich concentrates, which causes 
inflammation of the walls of the intestines.®^ This produces a condition 
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in which poisonous products contained in the intestines pass through the 
walls and are absorbed into the circulation. If large quantities of con- 
centrates are fed, this inflammation is continued and illness or death 
results. 

The deaths from this disease in a lot of fattening lambs can usually 
be stopped practically overnight by withholding the grain. However, it 
is necessary to feed grain liberally to fatten lambs rapidly, and they 
must be fattened rapidly, or they will become too large before they get 
fat enough to meet the market demands. In these facts lie the difficulty 
and the danger. 

To reduce the losses as much as possible when lambs are fattened 
rapidly, the following precautions must be observed. The utmost care 
must be taken to get the lambs on feed without producing digestive dis- 
turbances. All possible measures should be taken to prevent gorging. 
The grain must be distributed in the troughs so no lamb can get more 
than its share. If lambs are self-fed, it is best to mix the grain with 
some bulky feed, as is pointed out later in this chapter. Even when they 
are hand-fed, it may be wise to mix the grain with cut or ground hay 
if they are being forced on all the grain they will eat. The lambs should 
always be fed all the roughage they will clean up, and if a mixture of 
grain and ground or cut hay is self-fed, with no other roughage, the pro- 
portion of grain must not be too high. 

It is often possible to sort out the fattest lambs and market them 
before the rest are ready, thus keeping down the death loss. If this is 
done, the amount of grain must be reduced accordingly and it must be 
borne in mind that the lambs which were ready first were the heartiest 
eaters. 

1263. Rations for fattening lambs; cost of gains. — ^From the 
many trials reviewed in the preceding chapter, the feeder can readily 
determine the best combination of feeds to employ under his local con- 
ditions. The information on the amount of feed required for 100 lbs. 
gain will enable him to compute the approximate cost of gains with feeds 
at market prices. It should be- remembered that the results presented 
were secured with thrifty lambs, fed by skilled feeders and under good 
conditions. The feed required for a given gain will therefore often ex- 
ceed the amount stated. Comparing the cost of gains, it will be found 
that lambs give better returns for the feed supplied than do steers. The 
gains of mature sheep will cost from 25 to 30 per cent more than those 
of lambs. 

When on full feed, thrifty western lambs, then usually weighing 
60 to 70 lbs., wiU eat 1.25 to 1.50 lbs. or more of grain and other con- 
centrates per head daily, if fed all they will clean up. In addition, they 
will eat 1.00 to 1.50 lbs. of legume hay. If both legume hay and corn 
silage are fed for roughage, the consumption of concentrates will be about 
the same, and they will eat in addition 0.75 to 1.00 lb. or more of hay 
and 1.00 lb. or more of silage per head daily. During the first part of 
the fattening period, while they are being gotten on feed, their consump- 
tion of concentrates will be much less and the amount of roughage cor- 
respondingly greater. 

1284. Length of feeding period. — ^Usually 75 to 100 days or longer 
are required to produce the desired finish on western lambs, less time 
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being needed for yearlings. During this period the lambs should gain 
20 to 30 lbs. per head. This gain, added to a lamb weighing originally 
55 to 65 lbs., brings it to the size desired by the market. The demand 
is now for well-fattened lambs weighing from 80 to 90 lbs. or even less. 
Lambs heavier than 90 lbs. at the market often sell at a discount, even 
though they are of good quality. 

1265. Amounts and proportions of concentrates and roughage. — 

Under conditions throughout the com belt and the eastern states it is 
usually most profitable to give fattening lambs a liberal allowance of 
grain after they have been brought onto feed, except when it is desired 
to fatten them slowly for a later market. If lambs are fed about as much 
grain as they will clean up twice a day, in addition to what good hay 
or other roughage they will eat, they will make rapid gains at a minimum 
cost, reach a good market finish, and sell at a higher price than if less 
thoroughly fattened. 

Even with corn at the high prices during 1917 to 1919, in Indiana 
trials feeding a liberal amount of corn to fattening lambs was more 
profitable than feeding a half allowance of corn, or than feeding no corn 
the first 50 days and then full-feeding corn thereafter.^® The lambs in 
each lot were fed all the com silage and clover hay they would clean up, 
and enough cottonseed meal to balance the ration. Though the cost of 
gains was less in some instances when the allowance of corn was re- 
stricted, this was more than offset by the fact that the lambs were not 
so well finished and hence brought a lower price. Similar results have 
been secured in most of the other experiments conducted to study this 
subject.^® 

In the West, where hay is usually cheap in comparison with grain, 
the allowance of grain is often restricted somewhat. However, if the 
lambs are to be sold on a market that pays a satisfactory premium for 
well-fattened animals, it will generally pay to feed 1.0 lb. or more of 
grain per head daily.^® Lambs will not reach a satisfactory degree of 
fatness unless fed at least about 0.75 lb. of grain or other concentrates 
per head daily after they have been brought on feed. On hay alone or 
even on hay and good corn silage they will usually gain only 0.03 to 
0.17 lb. per head daily and will grow rather than fatten to any marked 
extent.®^ 

If it is desired to limit severely the amount of grain fed fattening 
lambs, it is best during the first half of tlic fattening period to feed 
them only hay or hay and silage, or else only a very small amount of 
grain, and then to finish them on a full feed of grain. This produces 
more rapid and cheaper gains than feeding half the usual amount of 
grain throughout the fattening period.®^ 

Under usual conditions, fattening lambs should be given all the 
good hay or other roughage they will clean up satisfactorily. When hay 
is exceptionally high in price in comparison with grain and hence is a 
more expensive source of digestible nutrients, it may be wise to restrict 
the hay allowance somewhat.®® However, lambs should have at least 
0.5 lb. hay per head daily, and on as small an allowance of hay as this 
with an. unlimited, amount of grain there is more apt to be trouble from 
serious digestive disturbances than when 0.75 to 1.00 lb. or more of hay 
is fed. 
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12%6. Self-feeding. — Many men who fatten large numbers of 
western lambs for the market use self-feeders for feeding the concen- 
trates, or a mixture of concentrates and chopped or ground hay or other 
roughage. This method has the advantage of saving some labor and of 
producing more rapid gains, but it has the disadvantage of often result- 
ing in much larger death losses, due to digestive troubles and ‘‘apo- 
plexy. ’ ’ Self-fed lambs usually require more grain and less hay per 100 
lbs. gain than those which are hand-fed, and therefore they utilize less 
farm-grown roughage. For example, in 5 Michigan trials self-fed 
lambs required 413 lbs. shelled corn and 315 lbs. alfalfa hay for each 
100 lbs. gain, while hand-fed lambs required 367 lbs. corn and 437 lbs. 
hay.®^ 

The danger from self -feeding is greatest when a heavy concentrate, 
like com or barley, is fed alone in a self-feeder. Even when the lambs 
are brought on feed by careful hand-feeding and only then turned to 
self-feeders filled with such grain, heavy losses may occur. For example, 
in an Illinois trial lambs were hand-fed shelled com and alfalfa hay 
for 3 weeks* during which time they were brought up to a consump- 
tion of 0.75 lb. com per head daily.®® They were then self-fed corn and 
hay separately, but half of them died. On the other hand, there were 
no losses in another lot which was self-fed a mixture of ground corn and 
ground hay. Similar results were secured in Michigan and Ohio trials.®® 

There is less danger when the lambs, after being brought on feed 
by hand-feeding, are first self -fed such a bulky mixture as 3 parts oats 
and 1 part corn, and then are gradually changed to com alone or 
com and supplement. Lambs thus self-fed in Indiana trials gained 
0.05 lb. more per head daily than hand-fed lambs, with no death losses 
and at a slightly lower cost of feed per pound of gain.®^ However, some- 
times heavy death losses occur even after lambs have been self-fed for 
several weeks on com or other heavy feeds alone, with hay fed sepa- 
rately. 

The safest method of self-feeding lambs is to feed, throughout the 
self -feeding period, a mixture of grain and some bulky feed, such as 
chopped or ground hay, chaffy screenings, or oat feed. Often the pro- 
portion of the bulky material is reduced somewhat as the feeding period 
progresses. In 6 trials lambs self-fed a mixture of com and ground 
alfalfa hay ate 1.4 lbs. com and 1.7 lbs. hay, on the average, and gained 
0.37 lb. per head daily.®® Hand-fed lambs, fed in comparison, ate 1.1 
lbs. com and 1.6 lbs. hay and gained 0.32 lb. per day. (A small amount 
of cottonseed meal was fed in addition in one of the trials.) The self-fed 
lambs required 380 lbs. com and 470 lbs. hay for 100 lbs. gain, in com- 
parison with 352 lbs. com and 484 lbs. hay for the hand-fed lots. With 
feeds at usual prices the gains were somewhat cheaper, on the average, 
for the hand-fed lambs. 

In 3 Wisconsin trials in which lambs were self-fed a mixture of 
cracked barley and chopped alfalfa hay in comparison with others hand- 
fed these feeds separately, the cost of feed per 100 lbs. gain was 54 cents 
more for the self-fed lots.®® Likewise, in 2 Minnesota trials lambs self- 
fed a mixture of whole oats and barley, with alfalfa hay fed separately, 
made somewhat more expensive gains than hand-fed lambs.''® The use 
of chaffy screenings in place of chopped hay in self-feeding lambs is 
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advisable only if such low-grade material can be secured very cheaply. 
Often the price is higher than the actual feeding value.^^ 

In cost-accounting surveys on farms in Michigan and New York 
where Western lambs were fattened for market, the farmers who hand- 
fed their lambs made more profit per lamb in the majority of cases than 
those who used the self-feeding method.''^ WHen grain is cheap in price, 
the self -feeding method may return the greater profit. 

Lambs cannot be trusted to balance their ration if they are self-fed 
separately corn or other grain and a protein supplement like linseed 
meal or cottonseed meal. Sometimes they will eat about the proper 
amount of the supplement, but at other times they will take much more 
than is needed to balance the ration.*^^ The supplement should there- 
fore be mixed with the grain in the proper proportion. 

1267. Fattening lambs in the fall. — Finishing lambs for market 
in the fall is a common practice with farmers who raise their own lambs 
and with many who buy western feeder lambs. Until cold weather sets 
in, the lambs may be grazed on stubble fields, aftermath in meadows, or 
rape or other pasture, with or without grain in addition. Thrifty lambs 
placed on feed in the fall should be ready for sale in December or early 
in January. There is then usually a scarcity of good lambs on the mar- 
ket, since the grass-fed lambs have been marketed and those in winter 
feed lots are not yet finished. 

Often rape is seeded in small grain to increase the fall feed for 
lambs, the seeding not taking place until the small grain is well above 
ground, lest the rape grow so large as to injure the grain crop. After 
the stubble fields are well cleaned, the lambs may be finished by turning 
them into fields of standing corn. 

1268. Fattening in the com field. — In certain sections of the corn belt many 
farmers fatten western lambs in the corn field. When proper methods are followed 
good results are secured, but the experience of farmers and the results of experi- 
mental trials have shown that care is necessary to provide the proper conditions.*^* 
When conditions are favorable, lambs fattened in the corn field with supple- 
mental feed have made nearly as rapid gains as others fattened on corn and legume 
hay in the dry lot, but the death losses are apt to be higher. 

Lambs make poor gains on a corn field alone, as there is a serious lack of 
protein. Such supplemental crops as rape or soybeans should be grown in the corn. 
The lambs will usually clean up such forage long before they finish the corn, and 
it is then especially necessary to provide them either with good legume hay or with 
one-quarter pound per head daily of a supplement like linseed meal or cottonseed 
cake or meal. The best results are usually secured when such supplements are fed 
from the start, and the gains are most rapid when both legume hay and 0.15 lb. 
of protein supplement are supplied in addition to the feed in the corn field. 

The lambs should have plenty of feed available without traveling too far, 
and they should have shelter from bad storms. It is the best plan to divide a large 
field into suitable areas by hurdles or by temporary woven-wire fencing. The lambs 
should be strong and healthy and should have dense fleeces which will shed water 
well. They should be accustomed to the corn field gradually by giving them a feed 
of hay in the morning the first few days before turning them on the field. At first 
the lambs will clean up the other vegetation in the corn field, including most of the 
weeds. Then they will begin eating the corn leaves and finally will learn how to 
husk out the corn ears and eat the grain from the cobs. 

Plenty of hay and other feed should be available for periods of bad^ weather 
or if lambs clean up the corn field before they are fat. Severe financial losses 
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will be incurred if one is forced to dump half-fat lambs on the market. The Iambs 
should be inspected daily to see that all are thriving. Muddy fields are hard on their 
feet, as the mud cakes between their toes. 

1269. Costs and returns in commercial lamb fattening’. — To indi- 
cate the results secured in the commercial fattening of lambs, the fol- 
lowing data are of interest. They were secured in studies during 4 
seasons, 1930-1934, on Michigan farms where a total of over 93,000 
lambs, chiefly western, were fattened.^® On the average 733 lambs were 
fattened per farm. The lambs averaged 65.0 lbs. in weight at the start 
and were fed for an average of 109 days. The gain per lamb, or the 
difference between the purchase weight at the market and the sale weight 
at the market, deducting all shrinkage and death loss, was 20.8 lbs., or 
0.19 lb. per head daily. The average cost of the feeder lambs at the 
farms was $5.94 per hundredweight, and the average sale value of the 
fat lambs at the farms was $7.17 per hundredweight; leaving a net 
margin at the farm of $1.23 per hundredweight. 

The mqrtality averaged 3.8 per cent. On the average 653 lbs. of 
concentrates and 575 lbs. roughage were required per 100 lbs. gain; the 
feed cost per 100 lbs. gain was $7.25 ; and the total cost per 100 lbs. gain, 
$9.23. The costs per head were as follows: Purchase price of lambs, 
$4.02; cost of feed, $1.51; labor, $0.11; use of buildings and equipment, 
$0.14; other costs, $0.17; making the total cost per head, $5.95. The 
returns were $6.23 per head for lambs sold and slaughtered ; $0.34 foi' 
wool and pelts; and $0.22 for manure credit. This made a total credit 
of $6.79 per head. For the 4-year period the average profit per head 
was $0.84. 


III. Hot-IIouse and Spring Lambs; Goats 

1270. Hot-house or winter lambs. — In certain sections of the eastern states 
there is a profitable market for “hot house” or winter lambs. The term “hot house” 
lambs does not mean that they are raised in artificially warmed quarters, but is used 
because they are produced at an unusual season and are thereforo comparable to 
the out-of-season products of hot houses. The market for winter lambs is confiiuMl 
mostly to the large eastern cities, where they are consumed 'chiefly in high-class 
hotels, restaurants, and clubs. This specialty in sheep production should be under- 
taken only by experts who have nearby markets that will pay the high prices sucli 
products must command. 

The demand for winter lambs comes from December, or even earlier, up to 
Easter, the prices usually being best early, in this season. Winter lambs must be 
fat, for the condition of the carcass is more important than its size. Lambs that 
are not well finished or that have poor conformation bring unsatisfactory prices. 
The lambs must therefore bo forced ahead rapidly by feeding them a suitable con- 
centrate or grain mixture in a creep. Thus fed, they should be fat at 40 to 60 lbs., 
live weight, and some markets will pay top prices for lambs weighing considerably 
less than 40 lbs., if they are well-finished. The lambs are dressed on the farm, 
according to the demands of the market to which they are to be shipped. 

For the production of winter lambs, the ewes must be bred in the spring 
ihstead of at the usual season in the fall. The ewes best suited for winter-lamb 
production are purebreds, grades, or crossbreds of the Dorset, Tunis, Merino, or 
Bambouillet breeds, for the other breeds will not usually breed at the right sea- 
8on.76 Pennsylvania trials show that first generation cross-bred Dorset-Merino ewes 
are excellent for the purpose, especially when bred to a good Southdown ram.'^’^ 

The ewes should be “flushed” before the breeding season, so that more of them 
will the desired time and so that the percentage of twins will be greater. 
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They should have abundant pasture during the summer and fall, so they will be 
in condition to provide a liberal milk flow for their lambs. After lambing, the ewes 
should be fed liberally on a good concentrate mixture and legume hay, with silage 
in addition, if available. As has been pointed out, the lambs should receive addi- 
tional feed in a creep, so they will be ready for market as soon as possible. 

1271. Spring lambs. — A less intensive system than .the preceding is the pro- 
duction of spring lambs, which are marketed from April into June, at a time of 
the year when there is a good demand. They should be well-finished at 3 to 5 
months of age and weighing 55 to 70 lbs. Raising spring lambs is of especial 
importance in Tennessee, Kentucky, Virginia, and states to the southward, and also 
ill certain valleys of California, Arizona, and Oregon.78 in these warmer districts 
the ewes may be maintained chiefly on pasture throughout the year, greatly reduc- 
ing the cost of feed. Also, no expensive shelter is necessary. 

The native ewes of the southeastern states are well adapted to spring lamb 
production, as they lamb early and are good milkers, but they should be bred to 
good mutton rams to produce the desired type of lambs. Unless the ewes and 
lambs have excellent pasture, the lambs should be fed grain in a creep, so they will 
be ready for market when the prices are best. Also, the lambs should be sold as 
soon as they are fat, for they are seldom at their prime for more than a week or two. 

Some farmers, especially in the plains states, follow the plan of purchasing 
in the fall aged western ewes, discarded from range flocks on account of age or 
])Oor teeth, and breeding them for the production of one crop of early lambs, which 
are usually sold at weaning time. 

Such ewes must be fed good rations, including plenty of grain both before 
and after lambing, so they will be fat enough to sell well when their lambs are 
marketed. 79 The profitableness of this enterprise depends primarily on whether 
the fat ewes will sell for as much a pound in the spring as they cost as aged breed- 
ing ewes in the fall. Usually the prices for such fat ewes decline rapidly and stead- 
ily after early May. 

1272. IVIilk goats. — Milk goats are of considerable importance in continental 

Europe, many families, especially of the poorer classes, relying on goats for their 
daily supply of milk. Much goats’ milk is also used in Europe for the manufacture 
of certain types of cheese. Though milk goats have never become important in 
the United States, there are limited numbers in many states, the greatest number 
being in California. They are especially well suited for furnishing the milk supply 
for families living in small towns and the suburbs of large cities, or on fruit and 
truck farms where there is not enough feed available for a cow. Often a milk doe 
can secure much of her feed by grazing in the waste areas, such as vacant lots and 
rocky hillsides. In such places as some of the western mining towns, goats have a 
decided advantage over cows, for they always come home at night from wherever they 
have been grazing. y. 

Good purebred or high-grade milk goats should give 800 to 1,000 lbs. of milk 
a year, and exceptional does yield 2,000 lbs. or more. A good doe should yield 
2 quarts or more of milk a day and continue in milk for 7 months or more. A 
herd of high-producing grade milk goats can be developed by using purebred, bred- 
for-production bucks on ordinary milk goats, just as in the case of dairy cows.so 
The milk of most breeds averages 4.0 per cent or more in fat. The fat globules are 
much smaller in size than those of cows’ milk and goats’ milk forms a fine, soft curd 
during digestion. For these reasons, it commands a high price in some localities 
for feeding to infants and invalids. 

One should always be sure that the goats are free from the infection causing 
Malta fever in humans. Goats’ milk produced under sanitary conditions and when 
the buck is kept separate from the docs, will not have an unpleasant ‘'goat” flavor 
®nd odor, though the flavor is somewhat different from that of cows’ milk. 

On the basis of body weight and of amount of feed consumed, good milk goats 
•-re about as eflicient milk producers as are good cows. In studies at the New York 
(Cornell) Station it was found that, as would be expected, the maintenance require- 



804 


FEEDS AND FEEDING 


ments for goats per 100 lbs. live weight are considgrably higher than for cows, on 
account of their much smaller size and consequent greater body surface in propor- 
tion to live weight.81 Also, for the production of each pound of milk of a given 
fat content, goats apparently require slightly more digestible nutrients above main- 
tenance requirements than do cows. 

However, they are able to consume much more feed per 100 lbs. live weight 
than do cows, even those of high productive capacity. Therefore, they have left 
after their maintenance requirements are met a sufficiently larger proportion of the 
nutrients furnished by their feed to overcome the two handicaps mentioned. The 
cost of producing goats* milk on a commercial basis is higher than in the case of 
cows* milk, due chiefly to the greater amount of labor required per quart of milk 
produced. 

In general, the same feeds and the same care and management that are suc- 
cessful with dairy cows and sheep are suitable for milk goats .82 From 6 to 8 goats 
can be kept on the feed required by a cow. A suitable ration is 1 to 2 lbs. of good 
concentrate mixture, with 3 lbs. hay or with 2 lbs. alfalfa or clover hay and 1.5 lbs. 
silage or roots. On pasture 1 to 1.5 lbs. concentrates daily are usually needed by 
high producers. The concentrate mixture should be similar to those used for dairy 
cows. Often ^the use of refuse from the kitchen or garden or of lawn clippings 
will considerably reduce the feed bill. At prices in 1912 to 1914 the cost of feeding 
a goat a year was found to be $11.05 at the New York (Geneva) Station and $11.24 
at the California Station. sa 

1273. Angora goats. — ^The raising of Angora goats for their mohair is an 
industry of considerable importance in certain districts of the United States. In 
1934 over 3,300,000 goats were clipped in this country, of which 2,795,000 were in 
Texas.84 The average amount of mohair produced per animal was 4.0 lbs. The 
meat from the surplus goats is sold under the name of ^‘chevon** and is appetizing 
if from a well-fattened young goat. 

In the western states the goats are usually kept under range conditions, often 
grazing on rough land and utilizing browse that even sheep would refuse.65 In the 
cut-over districts of the North, Angora goats are sometimes used for clearing land 
of brush, but the area must be heavily stocked and closely grazed to subdue the brush. 

QUESTIONS 

1. State 4 essentials of successful flock management. 

2. On what basis would you cull a flock of ewes? 

3. Discuss the breeding of ewe lambs. 

4. What factors determine the best date for lambing? 

5. Discuss the flushing of ewes. 

6. State the most important points in feeding and caring for the ram. 

7. How should ewes be fed in the fall ? 

8. Discuss the feeding of pregnant ewes in winter. 

9. How may pregnancy disease of eifes be largely avoided? 

10. Describe the care of ewes at lambing time. 

11. State the most important points concerning the feed and care of ewes after 

lambing. 

12. How much milk a day do ewes of the common breeds yield? 

13. State the important points concerning the feeding of yoqng lambs. 

14. Discuss the docking and castration of lambs. 

15. Discuss the feeding of lambs on pasture. 

1^. What are the best times to market farm-raised lambs in your district? 

17. Approximately how much hay and concentrates does it require to carry a breed- 

ing ewe through the winter? 

18. State 5 important factors affecting the net income from sheep. 

19. Describe the methods by which stomach worms and other internal parasites can 

be controlled. 
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20. How are sheep handled on the western ranges ? 

21. Describe any methods of fattening western lambs that are used in your district. 

22. Describe the kind of feeder lambs you would purchase to fatten for the market. 

23. How should fattening lambs be started on feed? 

24. How may the losses from overeating disease be avoided ? 

25. About how much grain and hay will fattening lambs eat when on full feed? 

26. Discuss the proportion of concentrates to feed fattening lambs. 

27. State the advantages and disadvantages of the self-feeding method of fattening 

lambs. 

28. Describe any of the following phases of sheep production that are important in 

your district: (a) Fattening lambs in the fall; (b) fattening lambs in the 
cornfield; (c) production of hot-house lambs; (d) production of spring lambs. 

29. State the most important facts concerning the feeding of milk goats. 

30. In what districts of this country are Angora goats important? 
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CHAPTER XXXV 

GENERAL PROBLEMS IN SWINE HUSBANDRY 

I. Economy of Pork Production 

1274. Efllciency of pigs as meat producers. — Pigs excel all other 
farm animals in the economy with which they convert feed into edible 
flesh, as has been shown in Chapter VII. (231) When fed efficient 
rations, pigs marketed at the usual weights frequently require less than 
400 lbs. of concentrates or other air-dry feeds to produce each 100 lbs. 
of gain, and rarely require much over 450 lbs. In comparison with these 
amounts, fattening calves and lambs require 800 lbs. or more of grain, 
hay, and other air-dry feeds per 100 lbs. gain, even when fed excellent 
rations. 

Pigs have a greater capacity to consume feed in proportion to their 
live weights than do calves or lambs. Due to this and also to a greater 
efficiency in the utilization of food nutrients, they make much more rapid 
gains in proportion to their live weight than calves or lambs. From 
weaning time to market weights, well-fed pigs should make an average 
gain of 1.0 lb. per head daily or more. This is more than twice as great 
a gain per 100 lbs. live weight as is made by fattening calves and three 
times as much as is made by fattening lambs. 

The efficiency of pigs as producers of human food is shown in a 
striking manner by the fact that they are able to store in their bodies 
35 per cent of the gross energy in the feed they eat.^ In comparison 
with this high efficiency, fattening cattle can store in their bodies only 
about 10 per cent of the gross energy furnished by their feed. (1018) 

The great superiority of pigs in the amount of feed required per 
100 lbs. gain and in the percentage of food energy they can convert into 
meat is due partly, but not chiefly, to the fact that their rations consist 
mostly of grains and other concentrates. Because of this, each pound 
of dry matter they eat furnishes a larger amount of total digestible 
nutrients and of net energy than in the case of cattle or sheep. 

In addition to their superiority in the utilization of feed, swine also 
excel in the percentage of dressed carcass they yield, in the proportion 
of the carcass that is edible, and in the energy content of the meat per 
pound. Swine yield 65 to 80 per cent of their live weight as dressed 
carcass, when dressed packer style’’ with head, leaf fat, kidneys, and 
ham facings removed, while cattle dress only 50 to 60 per cent and sheep 
even less. Because of the small proportion of bone in the dressed car- 
cass of swine, the percentage of the carcass that is edible is decidedly 
higher than in the case of cattle or sheep. Also, the energy value of 
pork is usually higher per pound than that of beef or mutton, due to 
the higher content of fat and the slightly lower content of water. How^- 
ever, beef and mutton furnish a higher percentage of protein, on the 
average, than does pork. 
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Further important merits of swine are their great prolificacy and 
the fact that they do not require expensive buildings. Also, they are 
especially suited to utilize much feed that might otherwise be wasted, 
such as dairy by-products, garbage, and garden waste. For this reason 
alone, practically every farmer should raise enough pigs to furnish his 
own supply of pork. 

Because of the several advantages of swine as meat producers, they 
are of great importance in most grain-producing countries where the 
population is dense. Since they must be fed chiefly on grain or other 
concentrates, they are of only minor importance in sections where but 
little grain is grown. 

1276. Rate and economy of gain by pi^ of various weights. — Sev- 
eral studies have been conducted to determine the rate and economy of 
gain by pigs at various stages of growth and fattening. The following 
table presents the results secured in Ohio experiments, in which pigs 
were hand-fed well-balanced rations in dry lots from birth to a weight 
of 500 Ibs.^ At each 100-lb. stage, representative animals were slaughtered 
to determine,, the dressing percentage at that weight. The amount of 
feed shown for the first period includes the feed eaten by both sows and 
pigs up to weaning time. 


Economy of gain of pigs at different stages of growth 


Wt. of pigs 

No. of 
pigs 

Feed per 
head cfaily 

Feed daily 
per 100 lbs. 
live wt. 

Daily 

gain 

Feed for 

100 lbs. 
gain* 

Dressing 

percentagef 



Lbs. 

Lbs. 

Lbs. 

Lbs. 

Per cent 

Birth to 100 lbs. . 

37 

22 

4.2 

0.81 

304 

77.7 

100 to 200 Iba. . . . 

30 

6.1 

4.0 

1.70 

359 

83.4 

200 to 300 lbs. . . . 

23 

7.6 

3.0 

1.83 

416 

86.4 

300 to 400 lbs. .. . 

16 

7.8 

2.8 

1.71 

470 

88.1 

400 to 600 lbs. . . . 

7 

8.0 

1.6 

1.68 

610 

88.2 


*6 lbs. of skimmilk, fed to some of pigs in first period, considered equal to 1 lb. of concentrates, 
t Average for 2 experiments. 


This table points out several facts of great importance to the pork 
producer. While the amount of feed eaten per head daily increased as 
the pigs grew older, the amount consumed per 100 lbs. live weight 
decreased. In other words, young pigs have a greater capacity for con- 
suming feed in proportion to their weight than do older ones. The 
average daily gain was only 0.81 lb. up to the weight of 100 lbs., in 
comparison with 1.70 lbs. for the period from 100 lbs. to 200 lbs. in 
weight. During the third period the rate of gain was slightly more 
rapid than during the second period, but after this the gains became 
less rapid. 

The most important results from the financial standpoint are given 
in the next to the last column. From birth to 100 lbs. in weight, only 
304 lbs. of feed were required per 100 lbs. gain. As the pigs grew older 
and became fatter the feed consumed per 100 lbs. gain steadily increased, 
until 510 lbs. were required during the last period. Due to this greater 
feed requirement, the gains became more expensive as growth and fatten- 
ing progressed. The last column, which gives the dressing percentage 
of the pigs slaughtered at the end of each period, shows that the per- 
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< 5 entage of dressed carcass to live weight increased gradually as the pigs 
became older and fatter. 

The greater economy of young pigs in producing gain in weight is 
due to the factors that have been discussed in detail in Chapter VII. 
(206) First of all, the gain made during the early stages of growth or 
fattening contains more water and much less fat than when the animal 
becomes older and fatter. Less energy is therefore required to produce 
these early gains in weight. Also, since young animals eat considerably 
more feed per 100 lbs. live weight than do older ones, they may have 
available for meat production a greater surplus of nutrients after their 
maintenance requirements are met. 

As has been stated previously, these factors fully account for the 
lower cost of the gains made by young animals. Thoilgh they require 
less feed per 100 lbs. gain and therefore make cheaper gains, young 
animals do not utilize any more efficiently the feed consumed beyond the 
amount they need to maintain their bodies. As a matter of fact, in 
Missouri experiments where the entire carcasses of pigs were analyzed 
at various stages of growth up to 300 lbs. live weight, the older pigs 
apparently required slightly less feed than the younger ones per therm 
of energy in the gains they made.^ 

It will be noted that in the Ohio experiments the pigs made remark- 
ably rapid and economical gains during the latter periods, considering 
the heavy weights to which they were carried and the further fact that 
they were not on pasture during the trials. Such results are possible 
only with carefully selected animals, fed efficient rations under expert 
supervision. 

Under average conditions appreciably more feed will generally be 
required per 100 lbs. gain than was needed by the pigs in these trials. 
In a compilation made by Henry of the results of over 500 feeding 
experiments at American experiment stations before the big-type swine 
were developed, the following amounts of feed were required per 100 
lbs, gain by pigs of various weights: Prom 50-100 lbs. live weight, 400 
lbs. feed per 100 lbs. gain; 100-150 lbs., 437 lbs. feed; 150-200 lbs., 482 
lbs. feed; 200-250 lbs., 498 lbs. feed; 250-300 lbs., 511 lbs. feed: 300-350 
lbs., 535 lbs. feed." 

In Missouri experiments with big-type Poland-China pigs and with 
large Yorkshire pigs the amounts of feed consumed per 100 lbs. gain 
were as follows: From 100-150 lbs. live weight, 425 lbs. feed per 100 
lbs. gain; 150-200 lbs., 424 lbs. feed; 200-250 lbs., 546 lbs. feed; 250-300 
lbs., 631 lbs. feed.® 

In cost accounting investigations on Illinois farms that are sum- 
marized in Chapter XXXVII it was found that the following amounts of 
feed, in addition to pasture, were required in producing each 100 lbs. of 
marketable live hogs; 473 lbs. grain and other concentrates (including 
400 lbs. of corn) ; 2.0 lbs: of hay or other dry roughage; 1.5 lbs. of salt 
and other minerals ; and 7.7 lbs. of miscellaneous feeds. This includes not 
only the feed eaten by the pigs but also that consumed by the breeding 
herd. ( 1443 ) These data show the amounts of feed that are required to 
produce each 100 lbs. of live hogs under farm conditions in the com belt 
and with modern-type swine. The cost will usually be somewhat less 
under the best systems of feeding and management. 
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1276. Economy of gain on pasture. — The following table shows 
the average results secured during 6 years with pigs self-fed corn and 
'tankage on good pasture at the Wisconsin Station.® In these trials a 
total of 320 pigs were fed from weights of 50 or 60 lbs. to market weights 
of 200 lbs. or more. The pasture crops included alfalfa, red clover, 
sweet clover, rape, and such mixtures as oats-peas-and-rape. 


Gains of pigs of various ages on good pasture 


Wt. of pig8 

Actual 

av. 

wt. 

Concentrates 
per head 
daily 

Daily 

gain 

Concentrates for 100 lbs. 
gain 

Com 

Tankage 

* 

Lbs. 

Lbs. 

I.bs. 

Lbs. 

Lbs. 

60 to 75 lbs. 

64.5 

3.2 

0.90 

333 

26 

75 to 100 lbs 

88.5 

4.2 

1.15 

340 

29 

100 to 150 lbs 

127.1 

5.7 

1.50 

363 

26 

150 to 200 lbs 

175.8 

6.9 

1.55 

443 

20 


This table shows about what may be expected of pigs self -fed well- 
balanced rations on good pasture. It will be noted that the amount of 
feed required for 100 lbs. gain increased in each period, but that there 
was no very rapid increase until the weight of 150 lbs. was reached. 

1277. Weight at which to market pigs. — Most pigs are now mar- 
keted in this country when weighing 225 lbs. or less. This is due not 
only to the greater cost of gain as the pigs become fatter, but also 
because American consumers have a decided preference for small cuts 
of pork that do not carry, too much fat. Under present conditions, well- 
finished pigs that are not over 200 to 225 lbs. in live weight usually 
command a premium over those that are heavier and fatter. 

Ordinarily one should raise enough pigs to dispose of the available 
feed by the time they reach these market weights. If the number of 
pigs is limited in comparison with the amount of feed one desires to 
market through them, and if the^ price of heavy hogs is high compared 
with the price of grain, then it may be more profitable to carry the pigs 
to heavier weights. 

1278. Dressing percentage. — Hogs dressed “packer style'' with 
the head off, and also the leaf fat, kidneys, and ham facings removed, 
will range in dressing percentage from 65 to 80 per cent of the live 
weight. According to the Census, the average weight of hogs slaughtered 
at wholesale slaughtering and meat packing plants in the United States 
was 225.2 lbs. for the period 1923-29 and the average yield of dressed 
carcass was 167.8 lbs., the average dressing percentage thus being 74.5 
per cent. When hogs are dressed “shipper style," with heads on and 
without the leaf fat, kidneys, and ham facings being removed, the dress- 
ing percentage will be about 8 per cent higher than for those dressed 
“packer style." 

The chief factor affecting the dressing percentage is the degree of 
fatness. (1275) V.ery fat barrows weighing 400 lbs. or more that have 
been fitted for shows may have a dressing percentage of 89 per cent, or 
even more when dressed “shipper style." 

Studies by the Ohio Station show that the ration on which pigs 
have been finished has but little influence on the dressing percentage.® 
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Also, in these tests there was no difference between the dressing per- 
centage of purebred, grade, and cross-bred hogs. There was a low point 
in dressing percentage in September and October, probably due to the 
marketing of pigs that were not very well finished. The dreeing per- 
centage then increased gradually and reached a high point in January 
and February. 


II. Nutrient Requirements of Swine 

1279. Nutrient requirements of swine. — Swine are fed largely on 
grain, and they eat relatively little roughage, except when on pasture. 
Moreover, they grow more rapidly than cattle, horses, or sheep, and 
produce young when less mature. As a result, swine suffer much more 
frequently than these other classes of livestock from inadequate rations. 
It is therefore especially necessary, if maximum profits are to be secured 
from pork production, that their nutrient requirements be clearly 
understood. 

In no field of animal husbandry have the recent discoveries in stock 
feeding had a more important bearing than upon practical pork pro- 
duction. These experiments show that the nutrient requirements of 
swine are relatively simple, when once understood, and that it is not 
necessary to feed complicated or expensive rations in order to secure 
the best results. The following are the chief nutritive deficiencies that 
are apt to occur in swine feeding. 

Because swine are fed chiefly on grain, particular care is necessary 
to provide in their rations a sufficient amount of protein and also pro- 
tein of the right kind or quality. 

Since the grains are all low in calcium, it is necessary to feed swine 
a mineral supplement suppljdng this essential, unless an adequate amount 
of calcium is furnished by the other feeds in the ration. A phosphorus 
supplement must also be added to certain swine rations, because the 
cereal grains are not rich in this mineral. In some districts brood sows 
must be fed an iodine supplement to prevent disaster from goiter, or 
hairlessness, in the new-born pigs. When young suckling pigs are 
confined without contact with the soil, a source of iron and copper must 
be provided, or heavy losses will occur from anemia. Except possibly 
when tankage or fish meal is used as the only or the chief protein supple- 
ment, swine should be supplied with salt. 

The vitamin requirements of swine are met adequately when they 
are on good pasture, but under other conditions they may suffer seriously 
from deficiencies of vitamin A or vitamin D, unless well-cured legume 
hay or some other vitamin supplement is fed. 

The requirements of swine for these and other nutrients are dis- 
cussed in detail in the following pages. 

1280. Importance of good pasture or legume hay. — ^Wherever 
possible, all swine should be provided with* good pasture during the 
growing season and with well-cured legume hay when pasture is not 
available. Nothing is more important than this in reducing the cost of 
pork production! 

It is exceedingly fortunate that either good pasture or well-cured 
legume hay will prevent any deficiency of vitamins A and D in swine 
feeding. These feeds also aid greatly in meeting the protein require- 
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ments of swine. This is because actively-growing pasture crops and 
also legume hay are fairly rich in protein, and the proteins in these 
forages are of such kind that they help to correct the deficiencies in the 
proteins of the cereal grains. Legume hay and legume pasture crops 
are also very rich in calcium, and other good swine pasture crops supply 
much more calcium than do any of the grains or the grain by-products. 

Pigs cannot consume a large amount of dry roughage, even of excel- 
lent legume hay. Therefore when they are fed liberally on corn or other 
low-protein grain, they cannot eat enough of such roughage to balance 
the ration completely in protein content. In order to secure rapid and 
economical gains a sufficient amount of an efficient concentrated protein 
supplement must hence be added to furnish the proper amount of pro- 
tein and also to supply protein of excellent quality. (1399) 

Good pasture should be provided for swine during the growing 
season, because green forage and pasture conditions are definitely 
superior to legume hay in meeting their nutritive essentials. It is shown 
in Chapter XXXVII that in Kansas and Missouri experiments brood 
sows did not Taisq satisfactory litters when confined to small exercise 
lots throughout the year, although fed good rations, even including well- 
cured legume hay. (1406) These rations would have produced excellent 
results if the sows had been on pasture during the growing season. 

1281. Protein of good quality essential. — In swine feeding fully 
as tnuch attention must be given to providing protein of good quality 
as to supplying a sufficient amount of this nutrient. (142-153) This is 
of especial importance for growing and fattening pigs and also for brood 
sows that are nursing litters, because their requirements for protein are 
much greater than those of other swine. 

None of the cereal grains furnishes proteins of good quality. Since 
swine are ordinarily fed chiefiy on the grains, it is necessary to correct 
the deficiencies of the cereal-grain proteins by the use of efficient protein 
supplements that are rich in those essential animo acids which are pro- 
vided in too small amounts by the grains. (142) Detailed information 
is presented in the next chapter on the quality of the protein in each 
of the common supplements used in swine feeding, and on the values 
of these supplements when used in various rations. 

Skimmilk, other dairy by-products, fish meal, digester tankage, and 
meat scraps all provide proteins that admirably correct the deficiencies 
of the proteins in the cereal grains. Therefore any one of these feeds 
of animal origin is satisfactory as the only protein supplement to the 
grains. (For pigs not on pasture legume hay should be included in the 
ration to provide an ample amount of vitamins.) 

Part of the protein needed to balance a ration for swine may be 
provided by a protein supplement that would not be satisfactory if used 
as the only supplement to cereal grains. For example, linseed meal, 
cottonseed meal, or wheat 'middlings are unsatisfactory when used as 
the only protein supplement for young pigs. However, when any one 
of these supplements is used in combination with a limited amount of 
tankage, fish meal, or dairy by-products, excellent results are produced. 

It is shown in the next chapter that even better results are secured 
when pigs are fed certain combinations of tankage or fish meal and of 
protein supplements of plant origin, than when the tankage or fish meal 
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is used as the only supplement. Thus, for pigs not on pasture the trio 
or Wisconsin supplemental mixture (consisting of tankage, alfalfa hay, 
and linseed meal) is definitely more efficient than tankage alone as a 
supplement to corn, and it is slightly superior to a combination of tank- 
age and alfalfa hay. (1341-1343) Certain modifications can be made in 
this combination, without decreasing its effectiveness. For example, 
eottonseed meal can be substituted for the linseed meal, fish meal can 
replace the tankage, and other well-cured legume hay can be used instead 
of the alfalfa hay. 

It is likewise shown in the next chapter that even for pigs on good 
pasture, certain combinations of tankage and protein supplements of 
plant origin may be more efficient or more economical than tankage as 
the only supplement to grain. Thus, pigs self-fed on good pasture make 
slightly more rapid gains when self-fed a mixture of one-half linseed 
meal and one-half tankage than when self-fed tankage as the only sup- 
plement. (1345) 

Among the protein supplements of plant origin, proteins of good 
quality are provided by soybean oil meal that has been thoroughly 
cooked in the manufacturing process, by cooked soybeans, by peanut oil 
meal, and by peanuts. When fed as the only protein supplement to 
young pigs, these supplements do not generally produce quite such 
rapid gains as do protein supplements of animal origin, or supplemental 
mixtures including animal by-products. Unfortunately, the usefulness 
of soybeans and of peanuts in swine feeding is seriously limited, because 
they both produce soft pork when fed in too large amounts or for too 
long a time. (1321) Raw soybeans and soybean oil meal that has not 
been thoroughly cooked are much less efficient for swine than well-cooked 
products. (1367, 1368) 

1282. Certain feeds unsatisfactory as sole supplements. — It is 

shown in the next chapter that any ration made up of only grain and 
grain by-products is very unsatisfactory for pigs, even when a mineral 
mixture is supplied to furnish plenty of calcium and phosphorus and 
when there is no lack of vitamins A or D. For example, if pigs are fed 
yellow com supplemented by wheat middlings, com gluten feed, corn 
gluten meal, rye feed, brewers’ dried grains, or distillers’ dried ^ains, 
they will make poor and expensive gains, even if they are out in the 
sunlight (which will supply vitamin D) and if they are fed a suitable 
mineral mixture to provide additional calcium and phosphorus. 

The results will still be poor if pigs are fed a mixture of various 
grains supplemented by a combination of two or more of these protein- 
rich grain by-products. Thus, a combination of com, barley, oats, wheat 
middlings, and corn gluten meal furnishes protein of unsatisfactory 
quality for swine. 

Linseed meal is no more effective than wheat middlings as the only 
protein supplement to grain in swine feeding. Likewise, none of the 
following produces good results when used as the sole protein supple- 
ment to com or other grain in swine feeding: Cottonseed meal, field 
peas, cowpeas, field beans, coconut meal, or buckwheat middlings. If 
the pigs are fed choice legume hay in addition to com or other grain, 
these protein supplements will produce better results than without the 
legume hay. However, especially in the case of young pigs, the gains 
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will be much more rapid and economical if these protein supplements 
are combined with such supplements as tankage, fish meal, or dairy 
by-products. 

Excellent pasture, such as alfalfa, clover, or rape, furnishes a con- 
siderable amount of protein of good quality. On such pasture, even 
young pigs make fairly good gains on a ration consisting of grain, a 
suitable mineral mixture, and such a protein supplement as linseed 
meal or wheat middlings. However, the results are generally enough 
better when a more efficient protein supplement is included in the ration 
to make such an addition profitable. If protein supplements of animal 
origin are unusually high in price, then it is best to use such a com- 
bination as linseed meal and wheat middlings; or cottonseed meal, lin- 
seel meal, and wheat middlings, instead of only one of these supple- 
ments.^ The addition of soybean oil meal to such mixtures is beneficial. 

1283. Amounts of protein required by swine.— Because of their 
rapid growth, pigs need rations containing liberal proportions of protein. 
Unless care is taken to meet this requirement, they will make slow and 
expensive gaips. 

The exact proportion of protein that is needed in the ration for 
pigs will depend on their stage of growth. It has been shown in Chap- 
ter VII that the rate of protein storage in the body is most rapid at 
early ages. (204) Young pigs therefore require a much greater pro- 
portion of protein in their rations than do those which are older and 
are therefore storing less protein and more fat in their bodies. 

Often this fundamental fact is overlooked and pigs are fed the same 
proportion of protein supplement from weaning time to market. If 
enough protein supplement is included in the mixture to produce good 
growth when the pigs are young, there will be considerably more than 
is needed after they reach weights of 100 to 125 lbs. On the other hand, 
if only a small proportion of supplement is used throughout the entire 
period, the pigs will have too little protein while they are young to make 
rapid and efficient gains. 

The amounts of digestible protein and the nutritive ratios advised 
by the author for pigs at various stages of growth and also for brood 
sows are stated in the Morrison feeding standards. (Appendix Table 
III.) These recommendations are based on the experiments which have 
been conducted to study the protein requirements of pigs, especially 
investigations by Fargo at the Wisconsin Station.® 

In the Wisconsin experiments pigs have been fed various propor- 
tions of com and the trio supplemental mixture from shortly after 
weaning until they were ready for market. It was found in these studies 
that pigs from 40 to 75 lbs. in weight made slightly more rapid gains 
when fed a ration having a nutritive ratio of 1 :4.5 than when the nutri- 
tive ratio was 1:5.0. However, the gains were more expensive on the 
larger proportion of protein. It was therefore concluded that it does not 
pay to feed the larger proportion of protein except when a materially 
higher -price is anticipated in an early market, or in the case of pure- 
bred animals which are being developed for show or for sale at an 
early age. 

For pigs over 100 lbs, in weight, a ration having a nutritive ratio 
of 1 :6,2 provided ample protein in these experiments. Feeding a ration 
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having a nutritive ratio of 1 : 5.0 until the pigs reached a weight of 
about 100 lbs., and then changing to a ration having a nutritive ratio 
of 1 : 6 . 2 , produced excellent results. This method was just as satisfac- 
tory as starting them on a nutritive ratio of 1 :4.5 and then decreasing 
the proportion of protein as the pigs reached weights of 75 lbs., 100 lbs., 
and 150 lbs., so as to provide nutritive ratios of 1 : 5 . 4 , 1 : 5 . 9 , and 1 : 6 . 5 , 
respectively. 

The amounts of digestible protein required by pigs undoubtedly 
depend somewhat on tlie quality of the protein supplied by the ration. 
If the quality of protein is unusually good, less protein will be needed 
for maximum gains than when the protein is not so excellent in char- 
acter. For this reason, a somewhat smaller amount of protein is neces- 
sary when skimmilk or other dairy by-products are used as the chief 
protein supplements than is required in other rations. In the case of 
an inefficient protein supplement, however, poor results cannot be pre- 
vented by feeding an unusually large proportion of the supplement. 

1284. Self -feeding supplements separately. — Most fortunately, pigs 
show a remarkable ability to balance their own rations in protein con- 
tent when they are self-fed com or other low-protein grains and also 
self-fed separately certain single protein supplements or certain supple- 
mental mixtures. At early ages they eat enough supplement to balance 
their ration, and then gradually eat a smaller proportion of the supple- 
ment as they grow older and their requirements for protein become less. 

This free-choice plan of self-feeding usually works excellently with 
pigs on pasture or in dry lot which receive tankage or fish meal as a 
single supplement to corn or the grain sorghums, or when the trio mix- 
ture or a similar combination is self-fed as the supplement to these grains. 

Occasionally, the pigs may eat somewhat more supplement than they 
need, and once in a while they may not consume as much of the supple- 
ment as they should. However, the results from the free-choice method 
of feeding these supplements with corn will average fully as good or 
better than when time is taken to mix the proper proportion of supple- 
ment with ground corn or to hand-feed the supplement. 

The free-choice plan of self-feeding grain and protein supplement 
is not so satisfactory with barley, oats, rye, or kafir. With these grains 
less of the protein supplement is needed than with corn, for they contain 
somewhat more protein. However, the pigs often eat fully as much of 
the supplement with these grains as when they are self-fed corn. To 
avoid wastage of the protein supplement it is therefore necessary to mix 
the proper proportion of the supplement with the ground grain, or else 
to hand-feed the amount of supplement that is actually needed to bal- 
ance the ration. Wheat is so palatable to pigs that they generally do 
not eat more than they need of such a protein supplement as tankage or 
fish meal, when they are self-fed wheat and the supplement, free-choice. 

Even when self-fed corn and certain supplements or supplemental 
mixtures, the pigs are apt to eat much more of the supplement than 
they need, especially if they are on good pasture. Thus, pigs will eat 
a much greater amount of roasted soybeans than they need to balance 
their rations. Sometimes they also eat much more than they need of 
soybean oil meal or of such a mixture as one-half tankage or fish meal 
and one-half soybean oil meal. In any such case, the expense can be 
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reduced by hand-feeding just enough of the supplement to balance the 
ration. 

1285. When is the use of a supplement advisable? — None of the 
cereal grains provides a sufficient amount of protein or protein of proper 
quality to permit growing and fattening pigs to make rapid or economi- 
cal gains when they are fed the grain without any protein supplement. 
The trials summarized in the next chapter show that when pigs not on 
pasture are fed com alone or corn and a mineral supplement, the gaina 
are slow and expensive. (1327) Sometimes the pigs will become runts 
or even die as a result of protein and vitamin deficiencies. Balancing 
the ration by the addition of a good supplement, such as tankage, will 
double the rate of gain in the case of young pigs. Also, each 100 lbs. 
of tankage will save 500 to 600 lbs. or more of com, without considering 
the advantage of the more rapid gains. 

After pigs have reached a weight of 175 to 200 lbs., they may make 
fair gains on corn alone, because their requirements for protein are 
then not high. However, the gains are usually much more rapid and 
also somewhat more economical when the use of a good supplement is 
continued until tlie pigs are marketed.® Adding alfalfa hay or other 
legume hay to com for pigs not on pasture will permit fair gains and 
wiU generally prevent serious nutritional trouble. However, as is shown 
in the next chapter, the gains on com and alfalfa hay are much less 
rapid and usually are more expensive than when such a supplement as 
tankage is also provided. (1399) 

On barley, wheat, or oats as the only feeds, or on these grains plus 
a mineral supplement, the gains may be somewhat better than on com 
alone, because these grains supply more protein and protein of some- 
what better quality than does com.^® However, in the case of pigs not 
on pasture, the gains are greatly increased by the addition of a suffi- 
cient amount of a good protein supplement to balance the ration. 

Because of the higher protein content of these grains, alfalfa hay 
produces somewhat better results when fed as the only protein supple- 
ment to them, than it does when used as the only protein supplement 
with com. However, unless tankage and other efficient protein supple- 
ments are unusually high in price, it generally pays to add a limited 
amount of such a supplement to a ration of any of these grains and good- 
quality alfalfa hay, especially for pigs under 100 to 125 lbs. in weight.^ 

1286. Feeding a supplement on pasture. — When pigs are on good 
pasture, a considerable amount of protein is provided by the green 
forage they eat. Therefore pigs will make fairly good gains when full- 
fed com on such pasture, without any other protein supplement, espe- 
cially if a mineral mixture is provided to furnish additional calcium 
and phosphoras. 

Pigs will not eat enough pasturage in addition to a full-feed of 
com to balance their ration completely. The rate of gain will there- 
fore be considerably increased by the addition of a good protein supple- 
ment, such as tankage, fish meal, or a dairy by-product. However, each 
100 lbs. of the supplement will save a much smaller amount of com 
than when fed to pigs not on pasture. 

In the case of early spring pigs, the Increase in the rate of gain pro- 
duced by the supplement is more important than the saving of com. If 
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such pigs are full-fed on com plus a good supplement, they can be 
brought to market weights before the severe slump in hog prices which 
usually occurs in late autumn. (1302) On the other hand, if no supple- 
ment is fed it will take at least 2 to 4 weeks longer to get them to the 
same weights, and during this time the price may decline 50 cents or 
more per hundred weight. Because of the difference in selling price, 
it will usually be most profitable to feed a supplement if pigs can thereby 
be hurried to market early in the fall. 

Whether or not to feed a supplement to later pigs will depend on 
the age of the pigs, on the rate of gain that is desired, and on the rela- 
tive price of com and of supplements. Except when supplements are 
high in price in comparison with corn, it is probably best to feed a sup- 
plement until the pigs reach a weight of at least 100 lbs. Unless the 
pasture is excellent, good gains cannot be secured without a supplement. 
Thus, there is more advantage in feeding a supplement to pigs on grass 
pasture (such as bluegrass, timothy, or Sudan grass) than to pigs on 
excellent legume or rape pasture.^^ 

The results that are secured from using a supplement for pigs that 
are full-fed corn and also supplied with a mineral mixture on go^ pas- 
ture are shown by 15 experiments summarized in the following table.^^ 
In each of these tests one lot of pigs was full-fed com on legume or 
rape pasture, while another lot received tankage in addition. All the 
pigs were provided with a mineral mixture which supplied calcium and 
phosphorus. In these experiments pigs weighing an average of 61 lbs. 
were fed until they reached market weights. 

Adding a supplement to corn and good pasture 

Concentrates for 100 lbs. gain 


Average ration 

gain 

Lbs. 

Corn 

Tankage 

Minerals 

Lbs. 

Lbs. 

Lbs. 

Lot 1, no protein supplement 

Corn, 4.5 lbs. 

Minerals, 0.06 lb. Pasture 

1.29 

352.4 


4.8 

Lot II, Jed protein supplement 

Corn, 4.6 lbs. 

Tankage, 0.33 lb. 

Minerals, 0.04 lb. Pasture 

1.47 

314.5 

23.1 

2.6 


The pigs fed only com and minerals on good pasture in these experi- 
ments made surprisingly rapid gains. This was undoubtedly due to the 
excellence of the pasture. Adding tankage to the ration increased the 
daily gain from 1.29 to 1.47 lbs. With this difference in rate of gain it 
would take 17 days longer to get 40-lb. pigs to a market weight of 225 
lbs. when they were fed no supplement, than it would for pigs fed tank- 
age. In these trials each 100 lbs. of tankage saved only 164 lbs. of com 
plus 10 lbs. of mineral mixture, if no value is placed on the difference 
in rate of gain. The pigs fed tankage also undoubtedly ate a little less 
of the pasturage, though no exact record of this difference could be 
made in these trials. 

When no mineral mixture is provided for pigs full-fed com on good 
pasture, there is a somewhat greater advantage in adding a protein sup- 
plement. For example, adding tankage to this ration for pigs averaging 
60 lbs. in weight at the start increased the daily gain from 1.13 lbs. to 
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1.46 lbs., on the average, in 27 experiments.^'^ In these numerous trials 
each 100 lbs. of tankage saved an average of 282 lbs. corn, not consider- 
ing the difference in rate of gain. 

Experiments have shown that in the case of pigs on good pasture 
that are fed barley, wheat, oats, or rye (which grains contain some- 
what more protein than does corn) there is less benefit from adding a 
protein supplement.^® After pigs fed these grains reach a weight of 
about 100 lbs., it does not usually pay to add a supplement, unless maxi- 
mum gains are desired. Up to this weight, it is generally best to feed 
a small amount of supplement, unless the pasture is unusually good or 
protein supplements are high in price. With these grains, pigs on pas- 
ture will eat too much of the supplement if it is self-fed, free-clioice. 
Therefore the proper proportion should be mixed with the ground grain, 
or k small amount of the supplement should be hand-fed daily. 

When the pasture is good, 4 lbs. of tankage or fish meal of usual 
grades are enough per 100 lbs. of these grains for pigs under 100 lbs. in 
weight. If a supplement is fed to older pigs, not over 2 to 3 lbs. of 
tankage or fish meal per 100 lbs. of grain are advisable. When the sup- 
plement is hand-^ed to pigs fed barley, oats, wheat, or rye on good pas- 
ture, 0.2 lb. per head daily of tankage or fish meal is sufficient. 

If pigs are fed only a limited amount of grain on good pasture, 
they will eat more of the green forage than when full-fed on grain. 
There will therefore be less benefit from adding a protein concentrate 
to the ration, and under usual conditions it will not pay to use a supple- 
ment, even when the grain is com. For example, in 4 Ohio experiments 
pi^ averaging 50 lbs. in weight at the start gained 0.95 lb. per head 
daily when fed 3.0 lbs. of corn a day on rape pasture.^® Others fed an 
average of 0.23 lb. tankage in addition to com gained 1.09 lbs. a day. 
In these trials each 100 lbs. of tankage saved only 127 lbs. of corn. 

1287. Feeding standards; digestibility of feeds by swine. — The 
Morrison feeding standards for swine are stated in terms of dry matter, 
digestible protein, total digestible nutrients, and nutritive ratios, the 
same as for the other classes of farm animals. (Appendix Table III.) 
For those desiring to compute rations according to the net energy sys- 
tem, recommendations are also made of amounts of net energy, stated 
in therms. The standards for growing and fattening pigs are for pigs 
that are full-fed, so as to make rapid gains in weight. 

These standards are designed for use with the values for digestible 
nutrients in various feeds that are given in Appendix Table I. Rela- 
tively few digestion trials have been conducted with swine, in com- 
parison with the large number that have been carried on with ruminants. 
It has therefore seemed wiser to the author to use in computing rations 
for swine the digestible nutrient values in Appendix Table I, than to 
use a separate set of values, computed from the limited data obtained 
in digestion trials with swine. 

There is not much difference in the ability of swine and of raminants 
to digest concentrates that are not high in fiber.^"^ Because they do not 
have the four-compartment stomach of ruminants or the large caecum 
of horses, swine digest a considerably smaller percentage of the fiber in 
feeds than do cattle and sheep, or even horses. 

This , difference is not important in the case of most concentrates, 
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for they are relatively low in fiber. However, swine digest hay and 
other roughages much less completely than do ruminants. It is for this 
reason, as well as because of the limited capacity of their digestive tracts, 
that swine are not able to make so much use of roughage as do cattle, 
sheep, or horses. Pigs have much less ability to utilize roughage than 
do older swine, such as brood sows. 

Evvard has proposed for use in computing rations for growing and 
fattening pigs, standards based, not on digestible nutrients, but upon dry 
matter, total protein (not digestible protein), and ‘‘fiberless carbohy- 
drate equivalent;” the latter being the total nitrogen-free extract plus 
2.2 times the total fat.^® For the sake of simplicity and uniformity, the 
author prefers standards expressed in the same terms that are used for 
cattle, sheep, and horses. 

1288. Fiber content of swine rations. — Since pigs do not digest the 
fiber of feeds well, it is necessary to give attention to the fiber content 
of the ration when rapid gains in weight are desired. If any large part 
of the ‘ration is made up of feeds high in fiber, the ration will be so 
bulky that pigs cannot cat enough of it to provide sufficient nutrients 
for rapid gains. 

It is highly advantageous to include about 5 per cent of good-quality 
legume hay in the rations of pigs which are not on pasture, in order to 
furnish sufficient amounts of vitamins A and D. However, if legume 
hay forms a much greater part of the ration for pigs, the rate of gain 
will usually be decreased. Likewise, the gains are lessened if oats form 
too large a part of a ration for pigs. In the case of brood sows, such 
feeds as legume hay and oats can form a considerably larger proportion 
of the ration. 

Growing and fattening pigs usually make the most rapid and eco- 
nomical gains when their rations do not contain more than about 5 per 
cent of fiber.^® It is therefore not generally economical to use rations 
having a higher percentage of fiber for such pigs, unless the prices of 
corn, barley, wheat, or other feeds low in fiber are very high in compari- 
son with the prices of feeds higher in fiber, such as oats, oat mill feed, 
or legume hay. 

1289. Salt — Though swine require less salt than cattle, horses, or 
sheep, they should be supplied with it regularly, unless plenty is other- 
wise provided by the feeds in their ration. The best plan is to provide 
free access to salt in a suitable box or trough, so the pigs can take as 
much as they desire. When salt is thus fed, pigs will eat from 0.03 to 
0.12 ounce per head daily, depending on the ration they are receiving. 
If pigs have not previously been fed salt for a considerable time, the 
allowance should be limited at first, or they may overeat, causing 
indigestion. 

When salt is mixed with the concentrates or with a mixture of pro- 
tein supplements, instead of being fed separately, too much should not 
be used. In case salt is added to a combination of grain and protein 
supplements, not over one-quarter pound of salt should be added to each 
100 lbs. of feed. If the salt is included in a mixture of protein supple- 
ments, 2 to 3 lbs. of salt to each 100 lbs. of supplement are sufficient. 

It is especially neccssaiy to provide salt for swine fed grain and 
protein supplements that are entirely or largely of plant origin. The 
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benefit from salt with such rations is shown by an Iowa experiment in 
which pi^ were fed com and protein supplements of plant origin 
(wheat middlings, linseed meal, alfalfa meal, cottonseed meal, and corn 
oil cake meal).^® The pigs fed salt in addition gained 1.47 lbs. per head 
daily and required 467 lbs. feed per 100 lbs. gain, while those that had 
no salt gained only 1.07 lbs. and consumed 574 lbs. feed per 100 lbs. 
gain. In other Iowa tests there was a decided advantage from, supplying 
salt when tankage formed as much as one-half of the supplemental mix- 
ture fed with corn. 

When tankage, blood meal, or fish meal is fed as the only or the 
chief supplement to com or other grain, there may be little or no bene- 
fit from supplying salt. For example, in a Nebraska trial there was no 
advantage from adding salt to a ration of corn and tankage for fatten- 
ing pigs, while there was a decided benefit from adding salt to a ration 
of com and alfalfa hay.^^ Similarly, in Texas experiments there was 
no need of providing salt for pigs fed milo grain and tankage, but there 
was a benefit from adding salt to a ration of milo and cottonseed mieal.^^ 

1290. Calcium; phosphorus. — ^With the exception of salt, calcium 
is the mineral nutrient that is most apt to be lacking in swine rations. 
This is because all the grains and their by-products and also practically 
all protein-rich concentrates of plant origin are low in this mineral, as 
has been shown in Chapter VI. (160) Fortunately, skimmilk, butter- 
milk, tankage, meat scraps, fish meal, legume forage (pasturage and 
hay), and rape forage all are rich in calcium. Dried blood and meat 
products including no bone are, however, low in calcium. Whether or 
not there will be any need of supplying swine with a calcium supple- 
ment will therefore depend entirely on the ration that they are fed. 

There is much less apt to be a lack of phosphorus in swine rations 
than of calcium, because most protein-rich concentrates are rich in phos- 
phoras, as has been emphasized in Chapter VI. (160-161) Also, though 
the cereal grains are not rich in phosphoms, they contain much more 
phosphorus than calcium. Skimmilk, buttermilk, tankage, meat scraps, 
and fish meal are especially rich in this mineral, and wheat middlings, 
wheat bran, linseed meal, and cottonseed meal are also high in phos- 
phorus. Soybeans, soybean oil meal, peanuts, and peanut oil meal con- 
tain much more than do the cereal grains. 

It is evident from the preceding statements that wher swine are fed 
a well-balanced ration consisting of grain with skimmilk, tankage, meat 
scraps, or fish meal as the chief supplement, they will receive consid- 
erable amounts of both calcium and phosphorus, even when they are not 
on pasture. If they are fed such a ration on legume or rape pasture, 
their calcium supply will be further increased. It is not surprising 
therefore that numerous experiments have proved that there is no great 
advantage in adding calcium or phosphorus supplements to such 
rations.^ In some cases pigs have made slightly more rapid or economical 
gains .when fed the mineral supplements in addition to salt, but in other 
tests there has been no benefit whatsoever from the calcium or phos-. 
phorus supplements. Similar results have been secured in experiments 
with brood sows and with gilts being raised for the breeding herd. 

Since there has been a slight benefit from these mineral supple- 
ments in some cases, it may be wise to provide a suitable mineral mixture 
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where swine can have access to it, even when they are fed such good 
rations. However, it should be understood thoroughly that under such 
conditions excellent results will be secured without the calcium and 
phosphorus supplements, and often there will be no advantage from 
their use. 

There is more apt to be a slight benefit from the addition of such 
mineral supplements to efficient rations for swine that are not on good 
pasture. Also, there is probably more advantage from adding such 
mineral supplements to good rations for brood sows and for young pigs 
than for fattening pigs. 

When there is a definite lack of calcium or phosphorus in the ration, 
then the mineral need must be met, or unsatisfactory results will be 
secured. If the lack is pronounced, rickets will be caused and disaster 
may follow. Brood sows suffering from a serious lack of either of these 
minerals are unable to produce thrifty offspring. Many pigs will be 
bom dead or weak, and the sows may be unable to provide an adequate 
supply of milk for those that appear normal at birth. (1407) 

Numerous experiments have been conducted to determine the effect 
of supplying a calcium supplement or else supplements providing both 
calcium and phosphorus, when swine are fed little or none of the sup- 
plements of animal origin that are rich both in calcium and in phos- 
phorus.^* These experiments have shown conclusively that swine fed 
such rations without good pasture should always be supplied with a cal- 
cium supplement or else with a mineral supplement which furnishes 
both calcium and phosphorus. When swine are on excellent legume or 
rape pasture, there is less need of a supplement, but even then the use 
of a mineral supplement has generally produced more rapid and eco- 
nomical gains. It is especially important that brood sows be fed a cal- 
cium or a calcium and phosphorus supplement, whenever there is any 
danger of a lack of these minerals. 

When the ration includes a reasonable amount of wheat middlings, 
linseed meal, or cottonseed meal (all of which are rich in phosphorus) 
there will not be any great need of additional phosphorus, but the lack 
of calcium will be just as pronounced. The chief lack is calcium rather 
than phosphorus even when grain is supplemented by soybeans, soybean 
oil meal, peanuts, or peanut oil meal, none of which is as rich in phos- 
phorus as wheat middlings, linseed meal, or cottonseed meal. Therefore 
a mineral supplement which provides only calcium may give just as 
good results, particularly in the case of pigs on good pasture, as a sup- 
plement such as bone meal, which furnishes both calcium and phos- 
phorus. In some of the experiments, however, there has been a distinct 
benefit from supplying not only calcium, but also phosphorus. It would 
therefore seem wise to use a mineral supplement or a mineral mixture 
that has both these minerals. 

A supplement such as bone meal, that furnishes both phosphorus 
and calcium, should be provided when pigs on pasture are fed only 
com or other grain, without any protein-rich concentrate, or when pigs 
in dry lot are fed only com or grain sorghum with alfalfa or other 
legume hay.^® A mineral supplement is less advantageous in the case of 
barley, wheat, or rye, as these grains contain somewhat more of these 
minerals.*® 
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1291. Sources of calcium and phosphorus; amounts required. — 

•Steamed bone meal is the mineral supplement used most commonly in 
«wine feeding when both calcium and phosphorus are needed, and it 
is excellent for this purpose. It is shown in Chapter VI that other 
satisfactory supplements supplying both of these mineral nutrients are 
'bone black and raw bone meal. (166-171) Eaw rock phosphate (lime 
phosphate), phosphorized limestone, and superphosphate are less desir- 
able, as they all contain appreciable amounts of fluorine. These supple- 
ments should not be fed to breeding stock for long periods, as fluorine 
is a cumulative poison. However, phosphates of rock origin from which 
practically all of the fluorine has been removed by special treatment 
are entirely suitable for use as mineral supplements. 

Ground limestone, ground oyster shell, ground chalk, and high- 
calcium marl are all excellent calcium supplements, as is stated in Chap- 
ter VI.^^ (165) Wood ashes, especially hardwood ashes, may also be 
used as a calcium supplement.^® Even gypsum or other forms of cal- 
cium sulfate are satisfactory as a source of calcium.^® 

There is as^yet but little information on the minimum amounts of 
calcium and phosphorus required by swine. From Illinois studies Car- 
roU, Hunt, and Mitchell concluded that growing pigs need about 5 
grams of calcium per head daily.®® For a full-fed 100-lb. pig this amount 
of calcium would be about 0.3 per cent of the ration. From Missouri 
investigations Hogan decided that the rations for brood sows should 
contain not less than 0.4 per cent of calcium.®^ 

There is but little information available concerning the minimum 
amounts of phosphorus required by swine. In a recent Illinois experi- 
ment it was concluded that a ration containing 0.3 per cent phosphorus 
supplied enough of this mineral for growing pigs.®^ 

1292. Iodine, prevention of goiter or hairlessness in pigs. — It has 
been shown in Chapter VI that goiter in new-born pigs and other farm 
animals is due to a lack of iodine in the feed and water consumed by 
the dams during pregnancy. (172) In localities where goiter occurs it 
can readily be prevented by supplying the dams with small amounts of 
iodine during the pregnancy period. 

For reasons that are not well understood, the prevalence of goiter 
varies widely from year to year in the iodine-deficient regions. There- 
fore, where one has once had trouble from it, or where there has been 
any considerable occurrence of the disease in the vicinity, the pregnant 
sows should be supplied with iodine as insurance against goiter. The 
simplest method of administering iodine is to supply iodized stock salt 
where the sows can have access to it during at least the latter 12 weeks 
of pregnancy. 

If the sows are fed a mineral mixture which includes salt, instead 
of feeding them salt separately, one-third ounce of potassium iodide 
should be added to each 100 lbs. of the mineral mixture. 

In localities where there is a definite lack of iodine and frequent 
cases' of goiter in livestock, it is probably wise to use iodized stock salt 
instead of common salt for brood sows throughout the year and also 
to use this salt for growing and fattening pigs. It is doubtful whether 
there will generally be any appreciable benefit from thus supplying 
iodine to swine in districts where there has been no trouble from hair- 
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less pigs. In Illinois and Pennsylvania experiments there was no advan- 
tage in adding iodine to well-balanced rations for pigs, while there was 
a slight benefit in Iowa and Ohio trials.*® 

1293. Anemia in suckling pigs. — If suckling pigs are confined to 
pens or paved lots, away from contact with soil or sod, serious losses 
will occur from anemia (lack of red blood cells), unless special precau- 
tions arc taken to prevent the disease. It was first recognized by 
McGowan and Crichton in 1923 that this disease was due to the deficiency 
of iron in milk.®* As is stated in the discussion of anemia in Chapter 
VI, it is now known that not only iron, but also traces of copper, are 
necessary for the formation of blood hemoglobin and red blood cells. 
(173-174) 

The young are bom with a suificient store of iron and copper to 
last until, under normal conditions, they begin to consume other food 
than the milk from their dam. This food generally furnishes plenty 
of iron and the necessary traces of copper. If the pigs have access tO' 
pasture or even to the soil in an exercise plot, they begin to eat forage 
or to nibble at lumps of dirt within a few days after birth and thus get 
the small amounts of these minerals necessary to prevent anemia. 

When they do not have access to pasture or dirt, however, the num- 
ber of red blood cells and the amount of hemoglobin in the blood decline 
rapidly, and often death results at from 3 to 6 weeks of age. In white 
pigs the anemic condition is clearly visible in the lack of a healthy pink 
color of such parts as the ears and nose. Anemic pigs usually have 
little appetite, are weak and inactive, and in severe cases breathe in 
the labored manner commonly described as thumps.'^ If they survive 
for 6 weeks, they usually recover from the anemia, because they then 
eat considerable food other than milk. However, pigs that have had 
anemia generally do not make good gains for a considerable period. 

Anemia is especially apt to occur with pigs farrowed in the winter 
or early spring in the northern states, because the weather is then usually 
so cold that the young pigs do not get outdoors to any great extent. 
Also, they usually have no access to pasture, and the dirt in exercise 
paddocks may be covered with snow. In the McLean County system of 
round worm control, described later, there may be serious losses from 
anemia unless the necessary precautions are taken, because the sows and 
their litters are confined to carefully cleaned pens to avoid infestation 
with worms and other parasites. (1440) 

Many experiments have been conducted during recent years to find 
methods of preventing anemia in suckling pigs. It was first shown by 
Hart and associates at the Wisconsin Station that anemia could be pre- 
vented in confined pigs by administering doses of a solution of an iron 
salt which also carried a trace of copper.*® (All commercial grades of 
iron salts contain small amounts of copper.) Other investigations have 
supplied further information concerning the most convenient methods 
of preventing anemia.*® 

When the sows and litters are confined to a central hog house or to 
enclosures with concrete or wooden floors so that the pigs do not have 
access to soil, anemia may be prevented by any one of the following 
methods ; 

1. Swabbing the udder of the sow regularly once daily with a satu- 
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rated solution of ferrous sulfate or other soluble iron salt until the pigs 
are 4 to 6 weeks old, and allowing them access to a palatable concen- 
trate mixture to each 100 lbs. of which has been added 0.1 lb. of the 
iron salt. The iron solution may be prepared by dissolving as com- 
pletely as possible 1 lb. of ferrous sulfate in a quart of hot water. The 
solution may be put on the udder by means of a paint brush or a swab 
made by tying cloth to a stick. 

2. Another method is administering a dose of the saturated iron 
solution to each pig at least once a week until the pigs are not less than 
4 and preferably 6 weeks old. The solution can readily be given with 
a spoon. The dose should be one-third of a teaspoonful for pigs under 
a week of age, this being increased to 1 teaspoonful by the time the pigs 
are 3 to 4 weeks old. 

3. A third method is to put in the pen at frequent intervals fresh 
sod or soil. The pigs will usually root about this and nibble at it, thus 
getting traces of the necessary minerals. This method does not always 
prevent the trouble, however, for the pigs sometimes do not eat suffi- 
cient of the, sod or soil. Care should be taken to get the sod or soil from 
a spot where swine have not grazed for more than a year, to make sure 
that it does not carry the eggs of round worms or other parasites. Ex- 
tremely sandy soil that is very low in iron should not be used. Putting 
sod or soil in the pen tends to prevent anemia more than giving the pigs 
access to a good concentrate mixture to which an iron salt has been 
added. 

The investigations on this problem have proved that anemia cannot 
be prevented by any method of feeding or caring for the sows, because 
it is impossible to increase the amount of iron in milk by any known 
method. If an iron salt is added to the concentrate mixture fed the 
sows, the pigs may eat a little of this feed, or they may, pig fashion, 
eat some of the iron-rich feces. However, such a method often does not 
prevent anemia in the pigs. 

It was formerly thought anemia was prevented by exercising the 
pigs; for example, by letting them play in the alley of the hog bam. 
When this helps, it is due, not to the exercise itself, but to particles of 
feed or other matter that the pigs eat in their characteristic curiosity. 
Exposure to sunlight or ultraviolet light has no effect in preventing 
anemia. 

1294. Iron and copper for other swine. — ^After the suckling period 
pigs generally get sufficient iron and copper in their usual rations and 
do not show symptoms of anemia. Therefore it is not necessary to sup- 
ply any additional source of these minerals, except perhaps in the few 
sections where there is an unusual deficiency of iron in the soil. (173) 

In some of the experiments in which growing or fattening pigs have 
been supplied with an iron salt in addition to a good ration there has 
apparently been a slight benefit from the iron supplement, but in other 
trials there has been no such effect.^’^ It therefore seems doubtful whether 
such an addition will generally be profitable. 

1295. Other minerals; simple vs. complex mineral mixtures.— 
Whenever swine are fed a ration that is definitely lacking in one or 
more of the essential mineral nutrients which have been discussed, the 
best way of correcting the deficiency is to allow them access to a mineral 
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mixture that supplies the specific minerals that are lacking. The for- 
mulas for various simple mineral mixtures which are well suited for 
swine are given in Chapter VI. (181) 

If calcium is the only mineral that is lacking, there is no need of 
including in the mineral mixture bone meal or other supplements sup- 
plying phosphorus in addition to calcium. These are much more expen- 
sive than the calcium supplements, such as ground limestone, ground 
oyster shell, etc. Merely such a mixture as ground limestone and salt 
will be satisfactory. 

On the other hand, when there is a lack of both calcium and phos- 
phorus, then a mineral mixture should obviously be used that supplies 
both of these nutrients. Whether to add potassium iodide or another 
source of iodine to the mineral mixture will depend on whether or not 
there is a definite lack of iodine in the feed and water in the particu- 
lar locality. Adding iron oxide or another iron supplement to a mineral 
mixture is not generally of any decided benefit, and perhaps not advan- 
tageous under most conditions. 

The excellent results that have been secured in experiment station 
tests and on farms when mineral supplements have been used that supply 
only these mineral constituents show definitely that there is no need 
of using more complex mineral mixtures. As is stated in greater detail 
in Chapter VI, the author therefore recommends the use of simple min- 
eral mixtures, when they are advantageous, instead of complex mineral 
mixtures, containing such additional ingredients as sulfur, charcoal, 
coal, sodium carbonate, Glauber’s salts, Epsom salts, iron salts, etc.®® 
(182, 669-670) 

1296. Vitamin requirements. — ^Vitamin A and vitamin D are of 
great importance in swine feeding, as is shown in the following 
paragraphs. The other vitamins are apparently provided in sufficient 
amounts by all usual swine rations, or else they are not required 
by swine. 

Swine that are on good pasture have their vitamin A and D require- 
ments amply met through the high vitamin A value (carotene content) 
of the green forage and the anti-rachitic effect of sunlight. In the case 
of swine not on pasture, there may be a serious lack of vitamin A or 
vitamin D unless well-cured legume hay or some other feed or supple- 
ment rich in these vitamins is included in the ration.^® 

1297. Vitamin A and vitamin D. — The symptoms of rickets and 
other bone diseases produced by a lack of vitamin D or a deficiency of cal- 
cium or phosphorus have been described fully in Chapter VI.^® (163-164) 
The most characteristic symptom of rickets in pigs is stiffness of the 
legs, especially of the hind legs. In severe case, the hind le^ are often 
paralyzed, because of which condition the disease is sometimes called 
‘'posterior paralysis.” 

For a detailed discussion of the effects of vitamin A deficiency, the 
reader is likewise referred to Chapter VI.^^ (186) Sometimes vitamin A 
deficiency in swine may be confused with rickets, for both produce diffi- 
culty in walking, including stiffness. In severe cases of both diseases 
pigs may become paralyzed so that they cannot rise to their feet. In 
vitamin A deficiency the condition is brought about by degeneration of 
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the nervous system, and the result is a failure to control the legs, instead 
of inability to move them. In walking, the pigs have a peculiar jerky 
gait, in which the rear legs are thrown out to the side. One of the first 
sjrmptoms of vitamin A deficiency is often marked restlessness. Later, 
the pigs may have severe spasms and also show characteristic impair- 
ment of vision. 

If pigs are fed a ration that is excellent, except for a lack of vita- 
min A, they may make excellent gains for several weeks, and then die 
from pneumonia, brought on by a lack of the vitamin. Brood sows fed 
rations seriously deficient in vitamin A may fail to come in heat or may 
not conceive when bred, and if they do become pregnant, the pigs are 
apt to be bom dead or very weak. 

Of all the seeds and their by-products that are commonly used for 
swine feeding, yellow corn is the only one that furnishes any significant 
amount of vitamin A. Likewise the vitamin is deficient in tankage, meat 
scraps, and skimmilk and other dairy by-products that contain only a 
trace of butter fat. Fish meal that has been dried at a low temperature 
may supply some vitamin A and also vitamin D, but the vitamin content 
is highly variable, depending on the raw material used and the process 
of manufacture. It is therefore often not safe to rely on fish meal as a 
source of these vitamins. 

It is evident from the foregoing that when swine not on pasture 
are fed grain and other concentrates alone, their rations are apt to be 
seriously deficient in vitamin A, unless the grain is yellow com. This 
deficiency can readily be prevented by including well-cured legume hay 
in the ration in the manner stated later in this discussion. 

None of the grains or the by-product concentrates of plant origin 
supply appreciable amounts of vitamin D, nor do tankage, meat scraps, 
skimmilk, buttermilk, or whey. Pish meal may provide vitamin D, but 
cannot be relied on as a source of the vitamin, unless one is certain of 
the method of manufacture and of the kind of raw material used. These 
statements show that practically all common concentrates used for swine 
feeding are deficient in vitamin D. 

Exposure, to plenty of direct sunlight in summer will protect pigs 
against a lack of vitamin D, even when they are not on pasture. On the 
other hand, during winter in the northern states, swine, especially young 
pigs, are apt to suffer seriously from a lack of vitamin D, unless care is 
taken to include a source of it in the ration. As has been explained in 
Chapter VI, winter sunlight has far less anti-rachitic effect than sum- 
mer sunlight, and also in many sections of the country there is much 
cloudy weather during winter. (191) 

Pigs that are making very rapid growth require more liberal 
amounts of vitamin A and vitamin D than those that are so fed that 
their gains are slow. For example, an abundant supply of nothing but 
white com and skimmilk is especially apt to cause disaster because of a 
lack of these vitamins. (1329) This is because the ration is excellent, 
except for the vitamin deficiency, and it therefore produces rapid gains 
until the pigs begin to suffer from the lack of vitamins. If a ration is 
well supplied with calcium and phosphorus, somewhat less vitamin D 
is needed for normal bone development than when the supply of one or 
both of these minerals is scanty. 




Trio LIixti rk Provides Vitamins A and D 

These pigs, which W('rc of the same age as those above, WTre fed corn and 
the trio or Wisconsin sui)pl('montal mixture (tankage, linseed meal, and alfalfa 
hay). They were more thrifty, gained 1.36 lbs. per head daily, and made cheaper 
gains than the first lot. 



White Corn and Tankage Were Inefficient in Dry Lot 

These pigs were fed corn and tankage in dry lot, without pasture, from a 
weight of 65 lbs. Due to the lack of vitamins, they gained only 0.77 lb. a head 
daily. Compare them with the pigs of the same age in the two previous lots. 



Good Pasture Provides Vitamins, J^rotkin, and Minerals 

These young pigs and their mothers, which are on good alfalfa pasture, will 
be amply provided with vitamin A and calcium. The alfalfa forage will also 
aid in furnishing protein to balance the ration. The sunlight will supply 
vitamin D. 



Swine Not on Pasture Should Have Legume Hay 

With the few exceptions pointed out in this chapter, all swine not on 
pasture should be supplied with well-cured legume hay to protect them against 
a luck of vitamin A or vitamin D. These sows are provided with good alfalfa 
hay in the rack. (From J. P, Willman, New York, Cornell, Station.) 
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1298. Protecting swine against lack of vitamins A and D.— Fortu- 
nately, legume hay cured with ordinary exposure to sunlight is so rich 
in vitamin D that only a small amount of it will protect swine against 
a deficiency. Still more fortunately, the legume hay will also provide 
an ample supply of vitamin A in rations that would otherwise be defi- 
cient in this vitamin/^ 

To make sure that brood sows have plenty of vitamin D as well as 
sufficient vitamin A, their rations during the winter when they are not 
on pasture should include at least 10 to 15 per cent of well-cured legume 
hay. The methods of feeding legume hay to sows are discussed in Chap- 
ter XXXVII. (1408) 

For pigs not on pasture about 4 to 5 per cent of excellent-quality 
legume hay should be included in the ration, wherever it is possible to 
do so, in order to supply the necessary amounts of vitamins A and D. 
Numerous experiments have shown that disaster is apt to result if young 
pigs having no green pasture are fed throughout the winter on grain 
with protein supplements lacking these vitamins.*^ 

In experiments in which young pigs have been fed such rations for 
considerable periods of time they have generally failed to thrive and 
eventually many have become stiff or paralyzed from rickets or they 
have suffered severely from the deficiency of vitamin A. If the grain 
in such rations is yellow com, there will be probably a fair supply of 
vitamin A, but there will still be a decided benefit from adding legume 
hay to the ration, especially for pigs weighing less than 100 lbs. at the 
start. This is commonly the case even when pigs during the winter are 
exposed to considerable direct sunlight in outside exercise lots to which 
they have access. 

When pigs have been previously grown to a weight of 100 lbs. or 
more on good pasture, they may have a sufficient store of vitamins A 
and D in their bodies to enable them to make satisfactory gains up to 
the usual market weights on a vitamin-deficient ration. However, it is 
best to include legume hay in the ration, even for such pigs that are not 
on pasture, as a cheap insurance against vitamin deficiencies. 

If the pigs follow cattle in the barnyard and work over the manure, 
they may secure a limited amount of these vitamins in this manner. 
Also, kitchen garbage may help provide a supply. For these reasons, 
pigs may not suffer from vitamin deficiencies under farm conditions 
when the feeds that they are regularly given would produce disaster if 
fed under controlled, experimental conditions. 

When choice-quality alfalfa hay is supplied in a rack so pigs can 
help themselves to it, they will usually (but not always) eat sufficient 
to provide the necessary amounts of vitamins. If the hay is not of first- 
class quality, the pigs may not eat enough of it to protect them against 
vitamin deficiencies. Also, they are much less apt to eat a sufficient 
amount of red clover hay, sweet clover hay, soybean hay, or cowpea hay 
from a rack than of alfalfa hay. 

The safest plan in feeding pigs not on pasture is therefore to include 
a definite amount of legume hay in the ration. This can conveniently 
be done by using such a protein supplemental mixture as the trio mix- 
ture, which contains 25 per cent of ground or chopped legume hay of 
good quality. When a mixture of ground grain and other concentrates 
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is fed, 5 lbs. of chopped or ground legume hay can be included in each 
100 lbs. of the entire mixture. As is shown in the next chapter, almost 
any kind of well-cured legume hay is satisfactory for these purposes. 

(1401) 

When it is impossible to feed young pigs during the winter either 
legume hay or fish meal that contains vitamins A and D, it is wise to 
include 0.125 to 0.25 per cent of cod-liver oil concentrate or 0.50 to 1.00 
per cent of cod-liver oil in the ration, especially for pigs that are fed 
little or no yellow corn.^^ On the other hand, if legume hay is supplied 
as has been here advised, there will probably be no benefit from the use 
of cod-liver oil or a cod-liver oil concentrate.^® 

1299. Vitamin B complex; yeast; vitainin C. — Swine require the 
vitamin-B-complex vitamins, but rations that are otherwise satisfactory 
generally furnish a sufficient supply.**® (195-197) However, a de- 
ficiency of nicotinic acid may sometimes cause or increase trouble from 
necrotic enteritis. 

In numerous experiments the effect has been tested of adding yeast 
(which is rich. in vitamins B and Q) to rations for pigs.^^ In some of 
the trials the yeast has been added to a dry concentrate mixture and in 
others the yeast has been added to the moistened feed several hours 
before it was fed, and fermentation allowed to take place. No matter 
what method of yeast feeding has been used, the addition of yeast to 
ordinary rations has not been profitable. Generally the rate of gain has 
not been improved and the cost of the gains has been increased. (198) 

Swine apparently do not require vitamin C, or else they can synthe- 
size the vitamin in their bodies. (199) In a North Dakota test sprouting 
barley (which causes the development of vitamin C in the grain) did 
not increase its value for pigs.^® 

1300. Water. — Swine, like all other classes of stock, should always 
be supplied with plenty of water. The amount of water consumed by 
pigs ranges from about 12 lbs. daily per 100 lbs. of animal at weaning 
time down to 4 lbs. or less per 100 lbs. live weight during the fattening 
period.^® 

In an Iowa test yearling brood sows drank 7.5 lbs. of water per head 
daily during the winter previous to farrowing.®® Sows suckling litters 
require somewhat more water. 

Water should commonly be provided for swine twice a day in a 
trough, or an automatic waterer should be used. If swine get an abun- 
dance of water in such watery feeds as dairy by-products or slop, there 
may be no need of furnishing water separately. In very cold winter 
weather, swine may not drink enough water for the best results unless 
it is warmed sufficiently to keep it from freezing soon after it is put in 
a trough. 

Watering pigs during the summer by means of an automatic waterer 
did not produce any more rapid or economical gains in Iowa and Min- 
nesota tests than providing plenty of water in a trough two or three 
times a day.®^ However, when pigs are watered by hand, they are too 
oft6n not given all the water they will drink. 

1301. Stock foods or tonics ; vitamin and mineral preparations. — 
Various stock foods or stock tonics have been tested in several experi- 
ments to find whether there was any benefit from feeding such prepara- 
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tions to swine, when used according to the directions supplied by the 
manufacturers.®* In practically all cases these products have proved 
uneconomical. Pigs fed well-balanced rations without any stock food 
or tonic have made just as rapid or even more rapid gains than those 
fed such a product. Still more important is the fact that the cost of the 
gains has been increased by the feeding of the stock food or tonic. (669) 

Before paying out money for highly advertised mineral mixtures or 
vitamin preparations, the wise stockman will first secure unprejudiced 
advice from the experiment station in his state or from his county agri- 
cultural agent. (670) 

III. General Problems in Pork Production 

1302. Prices of hogs during the year. — In deciding upon the best 
plan of pork production to follow, one should consider the average prices 
of hogs on his own market for various months in the year. By having 
pigs ready for market at the time when the price is usually highest, the 
profit can commonly be increased decidedly. 

The number of pigs farrowed in the spring in this country is much 
greater than of those bom in the fall, and the bulk of these spring-far- 
rowed pigs reach the market from late October to February. During 
this period the supply of hogs on the central markets is therefore the 
heaviest, and as a result the price is considerably lower than during the 
rest of the year. This is shown in the following table, which gives the 
average number of hogs received each month at all public stockyards in 
the United States for the 20-year period, 1915-1934, and the average 
monthly price per hundredweight of hogs on the Chicago market for 
the same period.®^ 


Monthly receipts of hogs and average Chicago price* 


January 

Monthly 
receipts 
at public 
stockyards 
Million head 

4,839,000 

Av. price 
per cwt. 
at Chicago 
Dollars 

9.32 

July 

Monthly 
receipts 
at public 
stockyards 
Million head 

2,911,000 

Av. price 
per cwt. 
at Chicago 
Dollars 

10.31 

February 

3,923,000 

9.68 

August 

2,610,000 

10.37 

March 

3,605,000 

10.25 

September 

2,611,000 

10.51 

April 

3,250,000 

10.23 

October 

3,329,000 

9.81 

May 

3,462,000 

10.15 

November 

3,932,000 

922 

June 

3,347,000 

10.05 

December 

4,465,000 

8.92 


*Compiled from reports of packer and shipper purchases, which do not include pigs, boars, 
stags, extremely rough sows, or cripples. 


The table shows that the highest average prices during the year 
occur in August and September, when the receipts of hogs at the cen- 
tral markets are lowest. In October the average price begins to drop 
sharply as the spring-pig crop ^ then starts to come on the market in 
large quantity. The average price reaches the lowest levels from 
November to January, when the marketings are heaviest. The price 
then begins to recover, and the price is uniformly good during the spring 
months. A slight drop occurs in June, due to the large number of sows 
then sold after they have weaned their spring litters. 

It is evident from these data that the farmer who has facilities for 
taking proper care of early spring litters can usually secure the highest 
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price in the year by having them ready for market before October. 
This means, however, that the pigs must be liberally fed on efficient 
rations and must have the best of care, or they will not reach a market 
weight of 200 lbs. or more by that time. Instead, they will get to market 
in November or December, when prices are low. 

The farmer who raises early spring litters for marketing before the 
slump in price occurs in the fall, usually finds it most profitable to breed 
as ijiany sows as possible for fall litters, as well. These should be far- 
rowed before October first, and if properly fed and cared for, they will 
be ready for market from April to May, when prices are again high. 

The various systems of pork production are discussed in detail in 
Chapter XXXVII. 

1303. Limited-feeding vs. full-feeding of pigs. — One of the most 
iinportant questions that every hog raiser must decide is how much grain 
he will feed his growing, fattening pigs. He knows that the larger the 
amount of grain or other concentrates he feeds, the faster they will gain, 
no matter whether in dry lot or on pasture, but he wonders whether or 
not he will make more profit if he restricts the amount of concentrates. 

It has been shown previously that animals fed liberal rations tend 
to digest and utilize their feed with slightly less efficiency than those 
that receive limited rations. (113) However, if a growing and fattening 
animal, such as a pig, is fed a limited ration, a longer period will be 
required before it reaches the desired market weight and the proper 
degree of fatness. Other factors being the same, this will increase the 
amount of feed required for mere body maintenance during the growing 
and fattening period, and therefore reduce the proportion of feed avail- 
able for producing gain in weight. 

These two factors therefore tend to have an opposite effect on the 
relative amounts of feed required per 100 lbs. gain by pigs that are full- 
fed and by those that are fed limited rations. The only way to deter- 
mine which factor is of more importance is by experiments in which 
pigs are full-fed in direct comparison with others that receive limited 
amounts of the same feeds. It is important that such tests be continued 
until the limited-fed pigs have reached market weights, which has not 
been done in some of the experiments on this problem. 

1304. Limited-feeding vs. full-feeding in dry lot. — There will first 
be considered the full-feeding versus the limited-feeding of pigs that are 
not on pasture. Since all spring pigs should be on good pasture during 
the growing season, this phase of the problem is limited primarily to fall 
pigs being fed during winter in the northern states. 

When the feed of pigs in dry lot is restricted very much, they com- 
monly make slow gains and require a large amount of feed per 100 lbs. 
gain. This is because they then need most of their feed for maintaining 
their bodies. For example, in 2 New York tests pigs fed only a half 
ration from an average weight of 62 lbs. to market weights of 200 or 225 
lbs. gained only 0.65 lb. per head daily and required 428 lbs. of feed per 
10& lbs. gain.®* Others full-fed the same well-balanced mixture gained 
1.39 lbs. a day (over twice as much) and required only 391 lbs. of feed 
per 100 lbs. gain. The pigs receiving the half ration took 224 days to 
reach market weights. The labor was therefore practically doubled by 
the limited feeding, and the miscellaneous expenses were also increased. 
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In a Michigan trial pigs self -fed a well-balanced mixture of ground 
corn, tankage, and ground alfalfa hay gained 1.13 lbs. from a weight 
of 56 lbs. to market weight.®® Others fed only two-thirds as much of 
the same mixture gained but 0.66 lb. per head daily and required 50 lbs. 
more feed per 100 lbs. gain, when carried to the same market weight. 
Still poorer results were secured with pigs fed less than half of a normal 
ration. In Ohio experiments the results were also unfavorable to such 
scanty feeding of pigs in dry lot.®® On the other hand, in tests by the 
United States Department of Agriculture, though pigs fed a half-ration 
made very slow gains, they required less feed per 100 lbs. gain than 
others fed liberally.®^ 

If the feed of pigs is but slightly restricted and they are fed about 
three-fourths of a full ration until ready for market, they may require 
a trifle less feed per 100 lbs. gain than when full-fed. However, their 
gains will be considerably slower, and therefore any saving in feed will 
generally be more than offset by the greater exf)ense for labor and mis- 
cellaneous charges. In the New York trials pigs fed about a three- 
fourths ration gained only 1.02 lbs. per day in comparison with 1.39 lbs. 
for others that were full-fed. The limited-fed pigs required 12 lbs. less 
feed per 100 lbs. gain, but this was more than offset by the fact that it 
required an average of 35 days longer to get them to market weights. 

In a similar Michigan trial pigs fed 3.5 lbs. of feed daily per 100 
lbs. live weight gained 1.08 lbs. a day, while self-fed pigs gained 1.47 
lbs. a day.®® There was a saving of 6 lbs. feed per 100 lbs. gain by 
limited feeding, but it took 40 days longer for the limited-fed pigs to 
reach the same market weight. There was also a slight saving of feed 
in Oregon trials, when pigs were fed a three-fourths ration instead of a 
full ration.®® In the tests by the United States Department of Agri- 
culture there was a somewhat greater saving in feed when pigs were fed 
a ration that was slightly limited.®^ 

When pigs receive a limited amount of a well-balanced ration up 
to market weights, there will be a tendency for their car6asses to be less 
fat and to contain a larger proportion of lean meat than in the case of 
full-fed pigs. However, this advantage is offset by the fact that the 
dressing percentage is slightly less for the limited-fed pigs, and also 
there is more tendency for the fat of the carcass to be undesirably soft. 

1306. Limited-feeding followed by full-feeding. — Those who favor 
the limited-feeding of pigs commonly advocate that the pigs should get 
a limited amount of concentrates until they reach a weight of 100 to 
150 lbs., and that they should then be full-fed until they are ready for 
market. In 2 Minnesota trials 64-lb. pigs were fed a half ration for 
90 days, and then full-fed to a weight of 200 lbs., in comparison with 
others that were full-fed throughout the entire period.®® The full-fed 
pigs gained 1.33 lbs. a day and required 404 lbs. of feed per 100 lbs. 
gain, while those whose feed was limited at first gained only 0.91 lb. 
daily for the entire period and required 480 lbs. of feed per 100 lbs. gain. 
This method of severely limiting the feed at first and then full-feeding 
during the finishing period was also uneconomical in the Michigan and 
New York experiments previously mentioned, and also in a South Da- 
kota test.®® 

Ohio tests indicate that when one wishes to limit the amount of 
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grain fed to pigs in dry lot, it is a good plan to supply them with plenty 
of well-cured legume hay in a rack, so they can get their fill of some 
feed, even hay.®^ 

1306. Conclusions concerning limited-feeding in dry lot. — Con- 
sidering all the data, it is recommended that under usual conditions fall 
pigs in dry lot and other pigs not on pasture be full-fed from weaning 
time and hurried to market as soon as possible. Any saving in the 
amount of feed required per 100 lbs. gain that can be made by slightly 
limiting the feed will usually be too small to offset the additional labor 
required on account of the slower gains, and also the increase in over- 
head expenses. 

If one is raising fall pigs to follow fattening cattle, then it may be 
desirable to limit their feed slightly. Also, some farmers feed fall pigs 
a limited amount of concentrates during the winter, and then finish 
them on pasture in the spring. Ohio tests indicate that this is doubtful 
economy, unless graii* is very high in price in comparison with the 
expense for pasture.®^ Too often such fall pigs are fed so little during 
the winter th^t their gains are exceedingly expensive and they may even 
become unthrifty because of stingy feeding. 

1307. Limited-feeding vs. full-feeding on pasture. — Whether it 
will be more profitable to full-feed pigs on good pasture or to give them 
only a limited amount of grain and other concentrates will depend on 
several factors. Full-feeding is generally much more profitable, if the 
pigs are farrowed early enough in the spring so they can be fattened 
for marketing early in the fall, before the usual slump in price^ occurs. 
(1302) 

In the case of late spring pigs, the net returns may be greater if 
only enough concentrates are fed to keep them growing well during 
the summer and if the pigs are then fattened on the new corn crop in 
the fall and early winter for marketing in January or FebiTiary, after 
the price recovers somewhat. Pigs to be used in the fall for hogging- 
down com oP for following fattening cattle should also be fed a limited 
amount of grain in the summer, so they will be in thrifty feeder condi- 
tion in the fall. 

Many trials have been conducted to compare full-feeding of pigs 
on pasture throughout the season with the plan in which the pigs are 
fed only a limited amount of grain during the pasture season, and then 
fattened on a full feed of grain and other concentrates in the fall. The 
following table summarizes the results of 28 such experiments in each 
of which one lot of pigs averaging 56 lbs. in weight has been full-fed 
(usually self-fed) on good pasture, while another lot has been fed a 
limited amount of concentrates until fall and then full-fed until they 
reached approximately the same weight as the first lot.®^ In most of 
the trials the ration was shelled com and tankage, and in the others it 
was com supplemented by a combination of tankage and either linseed 
meal or wheat middlings. 

The pigs full-fed from the start gained 1.44 lbs. a day and reached 
an average market weight of 214 lbs. in 110 days. It took the pigs that 
at first received a limited allowance of corn 141 days to reach the same 
weight. A fact that will be surprising to many is that the limited-feed- 
ing made no appreciable saving in the amount of concentrates required 
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Limiting the concentrates during the summer for pigs on good pasture 




Time to 



Average ration 


reach 

Concentrates for 100 lbs. 

Daily 

market 


gain 


gain 

weight 

Com 

Supplement 

Lot /, full-fed entire time 

Lbs. . 

Days 

Lbs. 

Lbs. 

Corn, 4.9 lbs. Supplement, 0.43 lb 

Lot II, limited ration in summer 

... 1.44 

110 

339 

30 

Corn, 3.9 lbs. Supplement, 0.33 lb 

... 1.12 

141 

338 

27 


per 100 lbs. gain. Limited-fed pigs eat considerably more pasturage 
than those that are full-fed. The total feed cost per 100 lbs. gain in 
these trials was therefore fully as high for the limited-fed pigs as for 
those that were full-fed. These data show clearly that under conditions 
in the corn belt it will commonly be most profitable to full-feed early 
spring pigs on pasture, so that they can be sent to market before the 
rush begins and the price declines severely. 

This is also proved by a study of the net returns from early-spring 
litters on 43 Indiana farms where the pigs were fed limited amounts of 
grain during the first 3 months after weaning and on 24 farms where 
the full-feeding method was used.®® The full-fed pigs were ready for 
market on September 27, on the average, and sold for $10.12 per hun- 
dredweight. The limited-fed pigs were not marketed until December 
10, and brought only $9.15 per hundredweight. For each 100 lbs. gain 
the full-fed pigs required only 6.1 bushels com and 8.2 lbs. tankage, 
while the limited-fed pigs needed 8.7 bushels corn and 6.6 lbs. tankage. 
The death loss after weaning was also in favor of the full-fed pigs, being 
only 2.5 per cent, in comparison with 7.5 per cent for the other pigs. 

The total cost of 100 lbs. gain, including not only feed cost but also 
all other expenses, was only $6.32 for the full-fed pigs, while it was 
$7.51 for those fed a limited ration at first. The profit was therefore 
much greater from full-feeding, for the average cost of 100 lbs. gain was 
$1.19 less and the average selling price per hundredweight $0.97 greater. 

If for any reason it seems desirable to limit the feed of pigs on 
pasture, it will generally be advisable to finish them on a liberal amount 
of grain, rather than to continue the scanty feeding until they are 
finally ready for market.®* 

' In the alfalfa districts of the West it is often most profitable to 
limit the allowance of grain for pigs during the summer, for pasture 
is very cheap in comparison with grain.®® This method is commonly 
used in the sections that specialize in the production of feeder pigs for 
shipment to the com belt. Even when the pasture is excellent, it is 
necessary to feed 1.0 to 1.5 lbs. of pain per head daily to growing pigs, 
in order to keep them growing thriftily and making the desired gain in 
weight. Whether or not to feed a protein supplement to pigs receiving 
a limited amount of grain on first-class pasture has been discussed 
earlier in this chapter. (1286) 

1308. Self-feeding. — Numerous experiments have proved that the 
feeding of fattening pigs by means of a self-feeder is an efficient and 
economical method of pork production. Pigs that are self-fed suitable 
rations not only make slightly more rapid gains than those thp are 
hand-fed two or three times a day, but also they usually require slightly 
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less feed per 100 lbs. gain. In addition to these advantages, consider- 
able labor is saved. 

The self-feeding method gives excellent results with growing-fat- 
tening pigs, with well-grown shotes, and with old sows that are being 
fattened. Self-feeding is also a good method of feeding brood sows and 
their litters, as is pointed out in Chapter XXXVII. 

The self-feeder should not be used when rapid gains are not desired, 
as when one wishes to force pigs to make the maximum use of pasturage 
by limiting the grain allowance. Many swine breeders prefer not to 
use a self-feeder for pigs that are being raised for the breeding herd, 
as they fear that they will then get too fat. However, pigs of big or 
intermediate type can be self-fed on suitable rations up to weights of 
175 to 225 lbs. without injuring their usefulness in the breeding herd. 

The use of the self-feeder for pregnant sows is discussed in Chapter 
XXXVII. (1417) It is there shown that sows will get too fat when 
self -fed, unless considerable bulky feed is included in the mixture. Even 
then, care is often needed to keep the feeds so proportioned that the 
sows do ndt gain too much or too little. Therefore, hand-feeding preg- 
nant sows is a much more common practice than self-feeding them. 

In self -feeding swine, grain and protein-rich supplements may be 
fed, free choice, in separate compartments of the self-feeder, or the pigs 
may be self-fed. a properly balanced mixture of grain and protein-rich 
supplements. , The merits of these two methods have been discussed pre- 
viously. (1284) 

1309. Self -feeding vs. hand-feeding fattening pigs. — The excellent 
results secured when the self-feeder is used for fattening pigs are shown 
in the following table. This summarizes the results of 24 experiments 
in each of which one lot of pigs, not on pasture, was self-fed, free-choice, 
on com and tankage, or else corn, tankage and either wheat middlings 
or alfalfa, each feed being supplied in a separate compartment of the 
self-feeder.®® Another lot in each trial was hand-fed a well-balanced 
ration of the same feeds, being given all they would clean up twice a 
day. In these trials a total of 480 pigs, averaging 95 lbs. in weight at 
the start, were fed for an average of 88 days. 


Self ’feeding vs. hand-feeding pigs in dry lot 


Average ration 

Lot I, self-fed 

Com, S.6 lbs. Supplement, 0.94 lb 
Lot II, hand-fed 

Com, 5.1 lbs. Supplement, 0.93 lb 


Daily 

gain 

Lbs. 


Feed for 100 lbs. gain 


Com 

Lbs. 

Supplement 

Lbs. 

Total 

Lbs. 

1.59 

355 

59 

414 

1.42 

359 

66 

425 


It will be noted, first of all, that the self -fed pigs ate 0.6 lb. more 
com per head daily than those which were hand-fed twice daily all they 
would clean up. This is the usual result and is due to the fact that 
self-fed pigs help themselves many times a day and even during the 
night, thus being “full-fed” at all times. Naturally they gained a trifle 
more rapidly than those which were hand-fed. Most important of all, 
is the fact that 11 lbs. less concentrates were required for 100 lbs. gain 
by the self-fed pigs This is not a large saving in itself, but to it are 
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added the advantages of the more rapid gains and the saving of labor 
by self-feeding. It will be looted furthermore that these self-fed pigs 
in dry lot ate less protein-rich supplement than the hand-fed pigs 
were given. 

Self-feeding is also an economical method of feeding pigs on pas- 
ture. This is shown by the following table, which summarizes 9 trials 
in each of which one lot of spring pigs has been self-fed corn and tank- 
age, free choice, on good pasture, while another lot has been hand-fed 
the same feeds.®^ In these trials a total of 170 pigs, averaging 58 lbs. 
in weight at the start, were fed for 112 days on the average. 

Self -feeding vs. hand-feeding pigs on pasture 

^ Daily Concentrates for 100 lbs. gain 

Average ration gain Com Tankage Total 

Lbs. Lbs. Lbs. Lbs. 

Lot 1, selj-jed 

Corn, 4.6 lbs. Tankage, 0.38 lb 1.32 340 27 367 

Lot II y hand-fed 

Corn, 42 lbs. Tankage, 0.28 lb 120 341 23 364 

Just as in the trials in dry lot, the self-fed pigs ate more com than 
those which were hand-fed, and made somewhat more rapid gains. On 
the average the self-fed pigs ate 4 lbs. more tankage per 100 lbs. gain, 
but took 1 lb. less corn. This slight difference of 3 lbs. total feed per 
100 lbs. gain in favor of the hand-fed pigs would, however, ordinarily 
be more than offset by the saving in labor through self-feeding and by 
the greater rapidity of the gains. 

It should be pointed out that in all of these trials the hand-fed 
pigs were under the supervision of an expert feeder Under average 
conditions there would be a greater advantage in favor of self-feeding. 

1310. Free-choice method of self-feeding. — In the free-choice 
method of self-feeding, grain is fed in one compartment and the pro- 
tein supplement or supplemental mixture is fed in another compartment, 
the pigs being allowed to eat as much as they wish of each. Occasionally 
more than one protein supplement is fed, each in a separate compart- 
ment of the feeder. 

It has been pointed out in the discussion previously given in this 
chapter of the free-choice method of feeding protein supplements that 
it gives very satisfactory results when corn or other grain low in pro- 
tein is fed with tankage, meat scraps, or fish meal as the only supple- 
ment. (1284) The results are also excellent when the grain is fed with 
certain supplemental mixtures, such as the trio mixture or modifica- 
tions of it. With such combinations of feeds, pigs show a surprising 
ability to balance their rations. On the other hand, when pigs are self- 
fed, free-choice, on certain other combinations of feeds, they may eat 
so much protein supplement that their gains are unduly expensive. 
Also, when a protein supplement is used that is not very palatable, they 
may fail to eat a sufficient amount of it to balance the ration adequately, 
and therefore may make poor gains. , , . /. i • 

In the following chapter the advisability of using the free-choice 
plan of self -feeding is discussed under the various feeds, where data 
are available. 
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1311. Grinding grain for swine. — Whether or not it will pay to 
grind any particular grain for swine will depend on the completeness 
with which they chew it when unground. In the discussion of the 
various grains in the next chapter, information is given as to whether 
or not it pays to grind each grain for swine. 

^ In general, it does not pay to grind corn for pigs up to the usual 
market weights, or for brood sows. Instead, ear corn or shelled corn is 
commonly fed. There is generally enough saving through grinding 
barley, oats, or millet to make such preparation decidedly profitable. 
If wheat and the grain sorghums are fed in self-feeders, pigs usually 
chew the grain with sufficient thoroughness so that grinding does not 
pay. On the other hand, when these grains are hand-fed, there is a 
considerably greater saving through grinding. 

1312. Soaking grain; feeding slop. — If corn becomes very hard in 
the spring or summer, it may pay to soak it before feeding, though the 
increase in value is not usually very marked. (1330) Also, when barley 
or oats cannot be conveniently ground or rolled, it may pay to soak 
the grain, but shaking is a rather poor substitute for grinding. (1333, 
1334) When grain is soaked for pigs, it should be soaked for only about 
12 hours, and it should not be allowed to sour or ferment. It dops not 
generally pay to soak ground grain or a mixture of concentrates for 
swine.®® (103) 

Some years ago it was a common practice to feed concentrate mix- 
tures to swine in the form of slop or swill. Experiments have shown, 
however, that with the following exceptions this method offers no advan- 
tage over dry-feeding, or at least insufficient advantage to warrant the 
additional labor.®® 

Slop-feeding may be advisable when a finely-ground concentrate 
mixture is fed outdoors in a windy location, merely to prevent feed 
from being blown from the trough and wasted. Also, in very cold 
weather it may be advisable to feed a warm slop, so the hogs will get 
enough water. If ground wheat tends to form a sticky mass when swine 
are chewing it, this may be obviated by feeding the wheat in a fairly 
thin slop. However, if the wheat is not ground too finely, there is 
usually no difficulty of this kind. 

1313. Cooking feed. — Early agricultural writers strongly advo- 
cated cooking feed for swine, but numerous experiments many years 
ago proved conclusively that, instead of a gain from cooking, there is 
in nearly every case a loss. In 26 trials in which pigs were fed either 
cooked or uncooked grain (corn, barley, rye, peas, or wheat shorts, fed 
separately or in combination), 89.4 lbs. of uncooked grain were as val- 
uable, on the average, as 100 lbs. of the same grain when cooked.^® 
There was thus a loss of over 10 per cent by cooking. A few feeds, such 
as potatoes, soybeans, feeld beans, and velvet beans, are improved by 
cooking. 

1314. Feeding floors. — If ear corn is fed on the ground, there may 
be considerable wastage in muddy weather, for the pigs will be unable 
to get all the grain. Thus, in a Kentucky test during the fall the feed 
cost of 100 lbs. gain was $10.80 when ear com was fed in the mud, and 
only $9.31 when it was fed on a platform.^^ Therefore, it pays well to 
have feeding platforms in hog lots where feeding is done during the 
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rainy season. This not only saves feed, but also is much more sanitary 
and reduces trouble from parasites and infections. 

When ear corn is fed during the summer on ''clean'' pasture lots 
that are free from infestation with parasites, there may be no appre- 
ciable advantage in the use of feeding platforms.^"^ It is advisable, 
however, to place self-feeders on platforms in the pasture or outside 
lot, so that the pigs may salvage any feed that may be nosed out of the 
self-feeder. 

1315. Shelter. — Even in the northern states, where the winters are 
cold, inexpensive shelter is all that is necessary for swine. The essen- 
tials for healthful winter shelter are freedom from dampness, good ven- 
tilation without drafts on the animals, sunlight, reasonable warmth, and 
a moderate amount of dry bedding. The quarters should be located on 
well-drained ground and should be so arranged that they may be easily 
and thoroughly cleaned and disinfected. 

Swine may be housed in a central hog house with a number of pens 
or in small portable houses, or colony houses. Many use a combination 
of the two systems, for in the northern states the central house is well 
suited for winter shelter and early spring farrowing, while the portable 
houses are particularly useful for housing pigs on pasture. Portable 
houses may also be used for winter shelter, and will be fairly warm if 
corn stalks, horse manure, or other litter is banked against the sides of 
the houses. A strong sack may be hung in the doorway to keep out the 
cold and yet allow the hogs to go back and forth at will. 

Even in the North, brood sows wintered in cheap portable houses 
do not require much more feed than those housed in a central house, 
especially if the houses are well protected. In trials during 4 winters 
at the Wisconsin Station, pregnant gilts were wintered in shed-roof 
colony houses made of a single thickness of boards.^^ The opening 
through which the sows entered was left open at all times so they could 
come and go at will, and no litter was banked up against the houses to 
make them warmer. At farrowing time the sows were removed to far- 
rowing pens in the central barn. 

The feed cost of wintering these sows was 16 per cent higher than 
for sows kept in a central hog barn and allowed to run at will in an 
exercise paddock during the day. However, this greater feed cost was 
offset by the fact that 88 per cent of the pigs from the sows in the port- 
able houses were vigorous, and only 74 per cent of the pigs from the 
sows wintered in the central house. This was probably due to the fol- 
lowing reasons: The sows in the portable houses took more exercise; 
they were out in the sunlight a greater part of the time; and they had 
an opportunity to get a small amount of green grass from the paddocks 
in which the houses were located. All of these factors are important in 
enabling sows to produce thrifty litters. 

For very young pigs there is much more advantage from warmer 
shelter. It is not, therefore, wise in the northern states to have sows far- 
row very early in the spring or in late winter, unless suitable quarter 
can be provided. For such litters a well-ventilated central hog house is 
best. However, many farmers raise early pigs successfully in well-pro- 
tected portable houses, even in the northern part of the com belt. In the 
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coldest weather a lantern hung in the portable house will usually keep 
the temperature comfortable. 

Fall pigs that get a good start before cold weather comes on will 
do well in portable houses during northern winters. For instance, in 3 
Michigan trials fall pigs averaging 50 lbs. in weight at the start were 
housed during the winter in portable houses, while others were kept in 
a central hog house with access to an outside paved exercise lot.^* The 
pigs in the portable house made fully as rapid gains as those in the 
central house and required no more feed per 100 lbs. gain. 

Where the winters are more severe, a considerable saving in feed 
may be made by providing warmer shelter. Thus, at the Ottawa, Ontario, 
Station pigs weighing 70 lbs. at the start that were housed in portable 
houses during the winter required 44 per cent more feed than others in 
a well-built central house.*^® Brood sows in the portable houses required 
only 25 per cent more feed than those in the warmer quarters,' showing 
that large animals can withstand severe cold better than small ones. 
The health of the animals was good under both conditions. In a Kansas 
test during a. winter in which the temperature at 8 a. m: ranged from 
31° F. to — 12° F., large hogs in warm quarters required 25 per cent 
less feed than those in a yard protected only by a high board fence on 
the north.^® 

1316. Exercise. — ^For breeding swine and growing pigs ample 
exercise is of the utmost importance. Even for fattening pigs limited 
exercise is preferable to close confinement. 

In addition to the benefits from the exercise itself, when swine are 
out-of-doors in outside paddocks a considerable part of the day, they 
are protected against a deficiency of vitamin D, through the anti-rachitic 
effect of direct sunlight. Also, swine exercising in outside pasture lots 
of ample size usually get some green feed, even during the winter. 
Though the amount of green forage they eat may be small, it is often of 
much value in keeping them thrifty. It is shown in Chapter XXXVII 
that this is especially important in the case of pregnant sows. (1406) 
Sows closely confined without access to green forage or access to the 
dirt may have unsatisfactory litters, even when fed rations that pro- 
duce excellent results with sows that have ample exercise in pasture 
paddocks. 

To induce brood sows to take plenty of exercise in winter, it is 
advisable to feed them at the end of the exercise paddock opposite from 
their sleeping quarters. Here there should be a rack filled with choice 
legume hay, as has been emphasized -before. (1298) The sows will thus 
not only secure needed vitamins, calcium, and protein, but also they 
will be kept on their feet, getting considerable exercise, instead of lying 
in their pens most of the time. 

1317. Types of swine. — The principal breeds of swine are of two 
distinct types — the lard type and the bacon type. In this country the 
leading breeds of the lard type are the Poland-China, Duroc- Jersey, 
Chester- White, Berkshire, and Hampshire breeds. The two leading 
breeds of the bacon type are the Large Yorkshire and the Tam worth 
breeds. In the United States there are but few swine of the bacon breeds, 
while bacon hogs are of especial importance in Canada, Great Britain, 
and Denmark. 
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In the effort to produce pigs that would fatten early and furnish a 
large amount of lard, the lard-type breeds had been developed to an 
undesirable extreme in these respects prior to 1908. These swine were 
rather small, weighing only 300 to 400 lbs. when mature and in breeding 
condition. They had bodies of only medium length, were short-legged, 
had small bones, and became very fat at weights of 200 to 225 lbs. 
When carried to heavier weights, their gains were very expensive. In 
the development of these characteristics the prolificacy had been 
seriously decreased, the sows tending to have too few pigs in their litters 
to make economical pork production possible. 

To overcome these serious defects, swine breeders then developed 
the big-type strains of the lard breeds, and this development was like- 
wise later carried to an extreme. About 1922 the popular hogs in the 
show rings were extremely rangy, long-bodied, long-legged, and late- 
maturing. At maturity such hogs weighed 700 to 1,000 lbs. They were 
so rangy in conformation and so slow-maturing that they did not become 
well fattened until they reached a weight of 275 lbs. or more. At lighter 
weights their carcasses were undesirably soft, and the bacon thin and 
flabby. 

Most American consumers now show a decided preference for small, 
lean, firm and tender hams, loins, and shoulders. They wish bacon made 
from small, but firm and well-fattened bellies, and desire a minimum 
amount of lard and fat cuts. Recent investigations, especially those at 
the Illinois, Indiana, and Iowa Stations show that the intermediate type 
of pig most nearly meets these demands.^^ 

To best meet the present demand for small cuts of pork, pigs should 
be marketed at not over 200 to 225 lbs. in weight. At this weight pigs 
that are rangy, or of decidedly big-type, are so immature that their car- 
casses tend to be soft, and the bacon is especially lacking in firmness 
and the desired degree of fatness. On the other hand, the old-fashioned 
type of ^‘chuffy’’ or “very chuffy’’ lard pigs are apt to be too fat, even 
at this weight, and to have too small a proportion of lean meat. At a 
weight of 200 lbs. pigs of the intermediate type well meet the present 
demand, except that there is a tendency for the carcasses to be a trifle 
soft and for the bellies to lack slightly in the finish and firmness desired 
for the production of the best bacon. 

In the experiments that have been conducted to compare the rate 
and economy of gain of the various types of lard pigs, the old-fashioned 
‘‘chuffy’’ pigs have usually made smaller gains and required more feed 
per 100 lbs. gain than those of intermediate or rangy type.^^ The dif- 
ference is especially marked when the “chuffy’’ pigs are carried milch 
beyond 200 lbs. in weight. The difference in economy of gain is due 
chiefly to the fact that the lard-type pigs store a higher proportion of 
fat in their carcasses than do pigs of the intermediate type or of the 
^angy type. 

There have been no appreciable differences in rate or economy of 
gain by pigs of the intermediate type and by those of the rangy or very 
rangy types, when carried to usual market weights. Since pigs of the 
intermediate type better meet present market demands than those which 
are more rangy, and since they make just as cheap gains, they are to 
he preferred decidedly for efficient modern pork production. 
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1318. Breed comparisons. — Tests have been conducted at several 
stations to find whether or not there is any difference in the economy of 
meat production by the various breeds of swine.*^® In these trials there 
have been no consistent and uniform differences in gains or economy of 
production, a breed which ranged high in some of the tests being sur- 
passed by other breeds in the rest of the trials. On the whole, the bacon 
breeds made as economical gains as those of the lard type. 

We may conclude that there is no best breed of swine so far as 
rate and economy of gains are concerned. There are far greater differ- 
ences between individuals of the same breed than between the different 
breeds. One should select the breed which seems best adapted to his 
conditions and suits his fancy, and then be sure to secure and to main- 
tain vigorous, well-bred animals of that breed. 

In most comparisons that have been made of purebred or high- 
grade swine and of cross-breds between two pure breeds, the cross-bred 
pigs have produced a trifle more rapid and economical gains.®® For 
this reason, many large-scale pork producers use a definite system of 
cross-breeding for the production of market hogs. Such cross-breds 
should not be retained for the breeding herd. 

In modem domestic hogs the length of the intestines is apparently 
longer, in proportion to body length, than in wild hogs. This indicates 
that the improved hog can digest his food more thoroughly than his 
ancestors, and also that he can cat a larger quantity of food for his size. 
Cuvier reported many years ago that the total length of the intestines 
of the wild boar was 9 times the body length ; in the domestic boar, 13.5 
times; and in the Siam boar 16 times the body length.®^ Henry found 
the average length of the intestines of 39 fattening hogs to be about 21 
times the body length.®® 

1319. Swine improvement; production records. — In order to secure 
the best returns from swine it is necessary to have well-bred breeding 
stock. The sows and boar should be carefully selected from strains of 
swine that excel in the following characteristics: (1) They produce 
good-sized litters of thrifty pigs; (2) their pigs make rapid gains and 
therefore usually economical gains; (3) their pigs yield carcasses that 
meet the present market demands. Disposition and milk yield are also 
important factors to consider in selecting sows to retain in the herd. 
If a sow has a mean disposition or if she is careless, she may crush or 
injure a considerable percentage of the pigs she farrows. If the sow 
does not have a good flow of milk, her pigs will fail to make good gains. 

A simple herd record should be kept in which the number of pigs 
farrowed and the number raised by each sow are recorded, with nota- 
tions as to whether the pigs make good gains. Only gilts from the best 
sows, as shown by this record, should be retained for the breeding herd. 
To identify the pigs, they should be ear-notched or otherwise marked 
at birth. 

Alabama experiments show the improvement that can be made by 
using good purebred boars on scrub sows in successive generations.®^ 
Scrub pigs required 244 days to reach a weight of 200 lbs., while it took 
only 201 days for pigs out of scrub sows and a purebred boar to reach 
the same weight, and but 187 days for pigs carrying seven-eighths of 
the improved blood. Perhaps even more important than the difference 
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in rate of gain was the difference in cost of gain. The scrub pigs 
required 465 lbs. of feed per 100 lbs. gain; the half-bloods, 403 lbs.; 
and the seven-eighths bloods, only 382 lbs. 

Through the swine extension projects carried on by the agricultural 
colleges in various states, the factors that are essential for economical 
pork production have been called prominently to the attention of 
farmers. One of the popular projects has been the “ton litter’' project, 
in which prizes are offered or recognition given for litters from single 
sows that reach a total weight of one ton in 180 days. More recently 
various types of pork-production contests and demonstrations have been 
conducted, in which tlie most effective methods of breeding, feeding, and 
management are shown. 

Outstanding progress has been made in Denmark and certain other 
European countries in using production records for swine improve- 
ment. In Denmark herds of swine of approved type are designated as 
breeding centers. To ascertain the strains which are superior in these 
herds, 4 pigs are selected from a litter and fed to market weights on 
a standard ration at a central feeding station, where a careful record is 
kept of feed consumed and gains made. Representative pigs from each 
litter are slaughtered in order to secure data on the desirability of the 
<?arcasses. 

Since rapid-gaining pigs usually make the most economical gains, pig- 
recording systems have been developed in Sweden, Great Britain, and 
some other countries. These are often combined with the milk-recording 
service for dairy herds. Under these systems the pigs are ear-notched 
and weighed at a definite age by an inspector. These records are used 
as a basis for the selection of breeding stock. Largely through studies 
and tests made by the Iowa and Minnesota Stations and the United 
States Department of Agriculture, interest in these methods of swine 
improvement has been aroused among pork producers in this country. 
It is to be hoped that some plan of pig-recording can be generally 
adopted here that is well adapted to our conditions. 

1320. Barrows vs. sows. — It is commonly believed that barrows 
will make slightly more rapid and economical gains than open sows, 
due to the restlessness of the sows during the oestrum periods. Up to 
the usual market weights there is, however, apparently no appreciable 
difference in the gains of gilts and barrows. This is indicated in experi- 
ments carried on during several years by Morrison, Bohstedt, and col- 
leagues at the Wisconsin Station.®® In the^e trials pigs were fed well- 
balanced rations, either in dry lot or on pasture. The trials were usually 
begun when the pigs weighed 50 to 70 lbs., and the pigs were carried 
to market weights of 200 lbs. to 225 lbs. 

In these experiments 601 barrows gained on the average 1.28 lbs. 
a head daily, while the average gain of 469 gilts was 1.26 lbs. The 
slightly more rapid gains of the barrows were probably due to the fact 
that somewhat more gilts than barrows were retained for breeding stock 
and not fattened for market in the experiments. Thus, the barrows in 
the trials tended to average a trifle better in quality than the gilts. 

In experiments where the yields of dressed carcass and of the 
various cuts from barrows and from unbred gilts have been determined, 
there has been no consistent difference in the dressing percentage.®® In 
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some tests the yield of dressed carcass has been slightly lower from the 
gilts, but in other trials the dressing percentage for the gilts has been as 
high as for, the barrows, or even higher. The yield of hams is generally 
slightly higher for gilts, and the yield of bacon and of fat slightly less. 
The fact that gilts have slightly less fat at a given weight than do barrows 
is opposite to the condition in cattle, for heifers are fatter at a given 
weight than steers. In an Illinois test the meat from barrows was 
slightly tougher, on the average, than from gilts.®^ 

Spaying sows before fattening them is of no advantage, for 
unspayed sows make just as good gains.®® 

1321. Soft pork. — It has long been known that certain feeds, 
especially soybeans, peanuts, rice bran, rice polish, and chufas, tend to 
produce soft pork when fed to pigs in considerable amounts. The prod- 
ucts from hog carcasses that are soft are undesirable from the stand- 
point of both the processor and the consume, and therefore sell at a 
decided discount. 

Lard from soft hogs does not harden at ordinary temperatures. 
The bacon is soft and flabby, and is difficult to slice, even with a machine. 
The loins are smeary and unattractive. The hams are less affected, as 
they have a smaller proportion of fat. When the pork is very soft, oil 
will drip from hams or bacon in the smoke house, thus increasing the 
shrinkage. Unless the carcass is extremely soft, the meat after cooking 
may be just as attractive and palatable as that from a firm carcass. 
However, there will be more wastage of the cuts in cooking, due to loss 
of fat. 

It is impossible to determine whether or not hogs will have soft 
carcasses by handling them when alive, as the fat is fluid at body tem- 
perature even in the case of hogs that yield hard carcasses. In sections 
where there is considerable trouble from soft pork, the packet* usually 
protects himself against loss by paying a lower price for all hogs, or 
buys them subject to a discount if they kill soft. 

Extensive experiments have been conducted during recent years by 
the United States Department of Agriculture in co-operation with sev- 
eral experiment stations to study the soft pork problem.®^ Similar tests 
have also been made by other stations. An especial object of these 
studies has been to determine the extent to which softening feeds can 
be used without injuring the carcasses of hogs. 

These investigations have shown that the body fat which swine 
make from carbohydrates •or protein in their food has a melting point 
sufficiently high to be hard and firm at ordinary air temperatures. 
However, fat in the feed may be converted into body fat with but little 
change. Therefore, when swine receive such feeds as soybeans and 
peanuts, that are high in fat, much of the fat deposited in their bodies 
comes from this source. Since the fat in these feeds is liquid at ordi- 
nary temperatures soft pork results if much of the body fat comes from 
this source. 

The grains also contain fat which is liquid at ordinary tempera- 
tures, and which will produce soft pork if fed in large enough amounts. 
However, the percentage of fat in the grains is relatively low. When 
pigs are fed on grain and supplements that are not high in fat, most of 
the body fat is therefore made from the carbohydrates, and not from 
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the fat in the feed. Such rations hence produce firm pork. Com and 
oats have a greater tendency to soften pork than do barley, wheat, rye, 
or the grain sorghums, because corn and oats are both higher in fat. 

When pigs are well fattened on corn and such supplements as tank- 
age, meat scraps, fish meal, or dairy by-products, their carcasses are 
"sufficiently firm and hard to meet the requirements of the markets in 
the United States. However, for the production of the type of bacon 
that commands a premium in England, a harder carcass is necessary. 
Therefore, as is pointed out later, com should not form too large a part 
of the ration when such bacon is to be produced. (1323) 

Much of the trouble from soft pork during recent years in this 
country has been due to the fact that pigs of the extreme big-type are 
not sufficiently fat at the weights when they are usually marketed. 
Even if fed a ration that normally produces hard pork, pigs of decidedly 
rangy conformation yield soft carcasses if slaughtered at live weights 
below 250 to 275 lbs. 

While pigs are young, they store a much smaller proportion of fat 
in the gains they make, than during the later stages of fattening. 
Therefore a large part of the body fat can then come from the fat in 
their feed. Later, when they arc storing fat rapidly, most of it must 
be made from the carbohydrates in the ration, and this manufactured 
fat is hard in character. This fact also explains why pigs that have 
made rapid gains usually yield firmer carcasses than those of the same 
degree of fatness that have gained more slowly on the same combina- 
tion of feeds.®® 

1322. Extent to which softening feeds can be used. — It was for- 
merly believed that after pigs had been fed for 6 to 8 weeks on a ration 
that produced soft pork, their fat could be hardened satisfactorily by 
feeding them for an equal period on such a ration as com and tankage. 
The extensive experiments on this problem have shown, however, that 
soft pork cannot be prevented in this manner. 

When pigs weighing 85 lbs. or more were grazed on peanuts or 
were fed only peanuts in dry lot for 8 weeks, they did not yield firm 
carcasses, eyen after a period on corn and tankage during which they 
each gained 120 lbs. in weight. Therefore, to avoid soft pork, peanuts 
should be used only for young pigs up to a weight of about 85 lbs., 
which are finished, after they reach this weight, on a ration that produces 
hard pork. 

If pigs weighing 85 lbs. or more are grazed for 6 to 8 weeks on soy- 
beans, receiving 2.5 lbs. daily of corn per 100 lbs. live weight in addi- 
tion, they will not yield hard carcasses, even when they make an equal 
total gain during a finishing period on com and tankage. On the other 
hand, when young pigs weighing less than about 85 lbs. make a gain 
of 40 to 75 lbs. while grazing on soybeans with corn in addition, they 
can usually be hardened satisfactorily if they later gain 125 lbs. or more 
on such a ration as corn and tankage. • 

When soybeans are used as a supplement to corn for pigs on pas- 
ture, care must be taken that the proportion of soybeans eaten is not too 
large, or soft pork will result. In Indiana tests satisfactory carcasses 
were usually produced from pigs self-fed corn and soybeans, free choice, 
with a mineral supplement in addition, if they weighed about 125 lbs. 
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when started on this ration in dry lot or 75 lbs. on pasture. On the 
other hand, in some of the other tests soybeans have produced soft car- 
casses when forming more than about 10 per cent of the ration. As a 
greater proportion of soybeans than this is often needed to balance the 
ration, the soybeans should then be fed in combination with tankage or 
some other non-softening supplement. 

Rice bran and rice polish have a decidedly softening effect, and 
therefore much use cannot be made of them in fattening pigs, without 
producing soft pork. For example, pigs weighing 50 to 114 lbs., that 
were fed for 8 weeks on rice polish and tankage, did not yield hard 
carcasses even after making 1.8 times as much total gain on corn and 
tankage as they had made on rice polish. However, satisfactory car- 
casses were produced when such pigs were finished on brewers' rice, if 
they made twice as much gain on brewers' rice as they had on rice polish. 

Certain feeds have much more of a hardening effect than a ration 
of com and tankage. Brewers' rice has such an effect, due to its very 
low content of fat. Sweet potatoes also belong to this class. Cotton- 
seed oil has a^softening effect, if any considerable amount is fed to pigs, 
but cottonseed meal has a pronounced hardening effect. An excellent 
ration for hardening the carcasses of pigs is therefore com supple- 
mented by a combination of one-half cottonseed meal and one-half 
tankage or fish meal. (1365) 

1323. Bacon production. — Most consumers prefer bacon that has 
a good streak" of lean meat, but which is firm and of fair thickness. 
In the United States most of the best bacon is made from the leaner 
pigs of the lard breeds, for there are but few swine of the true bacon 
breeds in this country. 

In England there has been for many years a demand for a very 
superior quality of bacon, marketed under the name of “Wiltshire 
sides." This demand is met by pigs produced there and by importa- 
tion, chiefly from Denmark, Ireland, and Canada. A Wiltshire side 
comprises the entire half of the dressed pig, minus the head, shank, 
shoulder bone, and hip bone. All of the side, except the ham and the 
shoulder, is sold as “bacon." Wiltshire sides are made exclusively 
from choice pigs that have proper length of body, a high proportion of 
lean meat, a medium covering of fat on the back (preferably 1.0 to 1.5 
inches thick) and bellies smoothly finished with firm fat. 

It was formerly believed that pigs of the bacon breeds or crosses 
between the bacon and the lard breeds were the only ones well suited 
to the production of Wiltshire bacon. However, investigations by the 
North Dakota and Minnesota Stations and by the United States Depart- 
ment of Agriculture show that the lard-type swine now produced in the 
United States can be selected so that, at the proper weight, they will 
be satisfactory for the preparation of Wiltshire sides.®^ 

Even a slight degree of softness of fat, that would not be very 
objectionable in a lard hog, will disqualify a carcass for high-quality 
Wiltshire sides. Canadian and Danish experiments have shown that the 
chief causes of soft bacon are: Lack of maturity and lack of finish 
(degree of fatness) ; unthriftiness of the pigs ; the feeding of an unbal- 
anced ration composed almost entirely of grain ; too large a proportion 
of com in the ration; and a lack of exercise.®® It is often stated that 
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pigs produce less desirable Wiltshire sides when self -fed than when 
hand-fed slightly less than a full ration. However, in tests at the 
Alberta, Canada, College of Agriculture, self-feeding produced a larger 
proportion of carcasses grading as ‘‘select for Wiltshire sides than did 
limited hand-feeding. 

Barley ranks first for bacon production, followed by oats and peas, 
Skimmilk and whey in combination with the cereal grains, including 
com in limited amount, make good bacon. Good pasture, such as alfalfa, 
clover, or rape, is very helpful in ijroducing ,good bacon carcasses. 

QUESTIONS 

1. Compare the efficiency of pigs and other classes of stock as meat producers. 

2. Discuss the rate and economy of gain by pigs of various weights. 

3. At what weights should pigs commonly be marketed in the United States? 

4. Approximately what is the average dressing percentage of hogs slaughtered at 

the large plants in this country? 

5. Why do swine suffer from nutritive deficiencies more frequently than do cattle, 

sheep, or horses? 

6. Discuss the importance of good pasture or legume hay for swine. 

7. Name 7 protein supplements that provide protein of good quality for swine. 

8. Name 10 protein supplements that are unsatisfactory when fed as the only sup- 

plements to swine not on pasture. 

9. Discuss the amounts of protein required by swine. 

10. State a combination of feeds that is well adapted to self-f ceding by the free- 

choice plan. State a combination of feeds which is not suited to free-choice 
feeding. 

11. Discuss the use of protein supplements with the cereal grains for pigs not on 

pasture. 

12. Under what conditions would you feed a protein supplement to pigs fed grain 

on good pasture? When is it more economical not to use a supplement? 

13. Compare the ability of swine and of ruminants to digest various classes of feeds. 

14. Discuss the importance of the fiber content of the ration for pigs. 

15. Discuss the requirements of swine for salt. 

16. State in detail the kind of rations for swine: (a) That require a calcium supple- 

ment; (b) that require a phosphorus supplement; (c) that need no calcium or 
phosphorus supplement. 

17. Name 5 suitable calcium supplements for swine; 3 safe phosphorus supplements. 

18. How can goiter or hairlessness in new-born pigs be prevented? 

19. State 3 methods of preventing anemia in suckling pigs. 

20. Should iron and copper be added to the rations of older swine? 

21. Discuss the use of simple versus complex mineral mixtures for swine. 

22. How could you tell whether a pig was suffering from a deficiency of vitamin A or 

a lack of vitamin D? 

23. State the conditions under which swine will be amply supplied with vitamins 

A and D. • . . . 

24. State the conditions under which there will be a deficiency of vitamin A for 

swine; a deficiency of vitamin D. 

25. How would you protect brood sows not on pasture against a lack of vitamin A 

or vitamin D ? How would you protect pigs not on pasture against these 
deficiencies ? 

26. Discuss the requirements of swine for vitamins B and G ; for vitamin C. 

27. Discuss the water requirements of swine. 

28. Is it profitable to feed stock foods or tonics to swine? 

29. At what times during the year should pigs be marketed to bring the highest 

prices, on the average? 
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30. Discuss limited-feediug vs. full-feeding of pigs not on pasture. 

31. Discuss the limited-feeding of pigs on pasture. 

32. Why has the self-feeding of pigs become so popular? 

33. What results have been secured in experiments in which self-feeding of pigs has 

been compared with hand-feeding: (a) In dry lot; (b) on pasture? 

34. What grains should commonly be ground for swine? 

35. What feeds for swine may bo improved by soaking? 

36. Under what conditions may it be desirable to feed concentrates to pigs in the 

form of a slop? 

37. Discuss the following: (a) Cooking feeds for swine; (b) feeding floors; (c) shel- 

ter for swine; (d) exercise. 

38. What type of swine best meets present consumer demands? 

39. What methods have been used in Europe for improving the quality of swine car- 

casses and increasing the efficiency of production? 

40. Compare barrows and sows for pork production. 

41. Discuss the soft pork problem, stating the feeds that produce soft pork and 

describing the extent to which soybeans can be safely fed to pigs. 

42. Discuss the especial requirements for the production of choice bacon to be mar- 

keted as ** Wiltshire sides.*' 
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CHAPTER XXXYI 

FEEDS FOR SWINE 

I. Grains and Other Concentrates Low in Protein 

1324. Efficient rations necessary for economical pork production. — 

It has been shown in the preceding chapter that swine are much more 
apt to suffer from nutritive deficiencies in their rations than are the 
other farm animals, except poultry. A thorough knowledge concerning 
the use and value of the various feeding stuffs is hence especially neces- 
sary for success in pork production. 

We shall learn in this chapter that many rations which were for- 
merly considered satisfactory have been shown by careful experiments to 
be strikingly inefficient under certain conditions. In order to secure 
maximum profits from hogs, it is therefore necessary not only to feed 
balanced rations,” which supply enough digestible crude protein, but 
also to supply combinations of feeds which provide protein of the proper 
quality and which furnish ample vitamins and minerals. Fortunately, 
investigations have shown that for success in pork production it is not 
necessary to feed complicated or expensive rations. All that is necessary 
are common feeding stuffs properly combined in the manner pointed out 
later. 

1825. The cereal grains. — In this and all other main pork-produc- 
ing countries swine are commonly fed chiefly on the cereal grains. It is 
therefore especially important that the merits and also the deficiencies 
of the cereals be fully understood. 

The grains excel in content of total digestible nutrients and net 
energy, due primarily to the large percentage of starch and their high 
digestibility. Since swine cannot make any large use of roughage, the 
cereals commonly supply digestible nutrients in rations for pork pro- 
duction more cheaply than do other feeds. 

Though differing materially in protein content, all of the cereals 
are low in percentage of this nutrient. While barley, oats, wheat, rye, 
and kafir contain somewhat more protein than corn, milo, rice, or feterita, 
even the former grains do not supply enough protein for efficient results, 
except possibly for well-grown pigs on excellent pasture. (1285-1286) 

Fully as important as this low protein content is the fact th^t the 
proteins of the cereals are unbalanced in composition. As has been shown 
in the preceding chapter, to produce pork economically this deficiency 
in quality of protein must be corrected. (1281-1282) This can be done 
by the use of such protein supplements as tankage, meat scraps, fish meal, 
and-dairy by-products, that furnish ample amounts of the amino acids in 
which the cereals and their by-products are lacking. 

The facts that all the cereal grains are very low in calcium and only 
fair in phosphorus content must also be borne in mind in swine feeding. 
It has been emphasized in the previous chapter that suitable mineral 


850 



FEEDS FOR SWINE 851 

supplements should be added to any rations that do not already have 
enough of these important mineral nutrients. (1290-1291) 

The cereals are also all deficient in vitamin D, and none of them, 
with the single exception of yellow corn, supplies appreciable amounts of 
vitamin A. The methods of correcting these deficiencies have been dis- 
cussed in detail in the previous chapter. (1297-1298) 

Fortunately, pasture crops do much to supply the nutritive essen- 
tials in which the cereals are lacking. Swine fed grain when grazing 
on green forage crops are amply provided with vitamins. All the good 
pasture crops, such as alfalfa, clover, or rape, also aid in making good 
the lack of protein in the grains and in improving the quality of protein 
in the ration. In addition, legume pasture provides an abundance of 
calcium, and other good pastures help to overcome the lack of this min- 
eral in the grains. 

For swine that are not on pasture well-cured legume hay is the best 
substitute for green forage, especially in correcting the vitamin deficien- 
cies of the cereals. It is therefore important that swine that are not on 
pasture, especially young pigs and brood sows, be provided with good 
legume hay in the manner stated elsewhere. (1280, 1298) 

1326. Indian corn. — Corn is the most common swine feed in the 
great pork-producing districts of this country. Not only is it the cheap- 
est carbohydrate feed in the corn belt, but also it is exceedingly palatable 
to swine and it produces excellent results with all classes of swine when 
fed in properly-balanced rations. (512) 

Corn is unsurpassed as a feed for growing and fattening pigs and 
therefore is commonly taken as the standard with which other grains are 
compared. It is also entirely satisfactory for brood sows and other 
breeding stock when its deficiencies in proteins, minerals, and vitamins 
are corrected, and when the amount of this concentrated grain is so 
limited that such swine do not become too fat. 

1327. Correcting* the deficiencies of com. — No single fact in stock 
feeding has been more clearly demonstrated by numerous feeding trials 
than that corn alone gives exceedingly poor results when fed to growing 
and fattening pigs. A glance at the following table should convince 
any farmer of the folly of feeding such an inefficient ration. This sum- 
marizes the results of 7 trials in which corn alone, wdthout pasture, has 
been fed to young pigs, averaging 69 lbs. in weight, in comparison with 
a balanced ration of corn and tankage. The results are also given for 
22 similar comparisons of com alone versus com and tankage for older 
pigs, averaging 136 lbs. in weight when the experiments began. 

The table shows that in the trials with young pigs the average daily 
gain on com alone was only 0.59 lb. and that 642 lbs. corn wxre required 
per 100 lbs. gain. This was a poor showing, indeed, but the results 
would have been even worse if the pigs had been started on this inade- 
quate ration when still younger. When corn was balanced with tankage, 
the gains were doubled, and only 387 lbs. com and 42 lbs. tankage wxre 
consumed for each 100 lbs. gain. Furthermore, at the end of the trials 
the pigs fed com alone were usually stunted and averaged only 141 lbs. 
in weight, while those fed tankage in addition weighed over 200 lbs. and 
were ready for market. 

The older pigs averaged 136 lbs. in weight when the experiments 
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began, and hence could stand the ration of corn alone somewhat better. 
Nevertheless, they gained only 0.97 lb. a head daily, while those fed 
tankage in addition gained 1.56 lbs. There was also nearly as great a 
difference in the feed required for 100 lbs. gain as in the case of the 
younger pigs. The folly of feeding such an unbalanced ration as corn 
alone is shown by the fact that in these trials 100 lbs. of tankage saved 
607 lbs. of com with the younger pigs and 538 lbs. of com with the 
older ones. 


Corn alone vs. corn and tankage for growing, fattening pigs 


Average ration 

Average 
lengt.h 
of trials, 

Daily 

gain 

Feed for 100 
lbs. gain 

Corn Tankage 


days 

Lbs. 

Lbs. 

Lbs. 

Trials with young pigs 

Lot 1, com alone 

Com, 3.5 lbs 

122 

0.59 

642 


Lot II, com and tankage 

Corn, 4-4 lbs. 

Tankage, 0.48 lb 

122 

1.18 

387 

42 

Trials with older pigs 

Lot I, com alone 

Corn, 5.4 lbs 

78 

0.97 

628 


Lot II, com and tankage 

Corn, 6.0 lbs. 

Tankage, 0.65 lb 

75 

1.56 

402 

42 


It has been shown in the previous chapter that even when pigs have 
good pasture in addition to a full feed of corn, better results are secured 
when some protein-rich concentrate is added to the ration, to balance it 
more completely. (1286) Corn alone is fairly satisfactory for fattening 
old sows, for they have completed their growth and hence need less pro- 
tein. However, even here the use of a limited amount of supplement will 
usually produce cheaper gains. 

From the fact that the value of tankage as a supplement to corn 
has been emphasized in this discussion, it must not be concluded that 
tankage is superior to other protein-rich supplements. Skimmilk, but- 
termilk, fish meal, and combinations of other feeds will give fully as good 
results, as is pointed out later in this chapter. In fact, for pigs not on 
pasture, tankage fed as the only supplement to com is inferior to such 
combinations as the trio mixture. (1281, 1298) 

Corn alone is just as unsatisfactory for pregnant sows as it is for 
young pigs, as is pointed out in the next chapter. (1407) Farmers who 
persist in wintering their sows on this poor ration have, no basis for 
complaint if their pig crop is a failure. On account of the poor results 
whch have been secured with com improperly fed, many breeders rec- 
ommend that not over one-third to one-half the ration for brood sows 
consist of this grain. However, excellent results have been secured in 
numerous trials where corn has been the chief feed, but where the allow- 
ance was restricted so that the sows did not become too fat and the ration 
was properly balanced by furnishing such feeds as legume hay and tank- 
age, fish meal, or dairy by-products. (1412) 

1328. Minerals alone do not supplement com adequately. — Com is 
particularly deficient in calcium and also contains less phosphorus than 
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the other grains. It might therefore be thought that the poor results 
on corn alone that have just been summarized were due largely to a lack 
of these minerals, instead of to deficiencies in quantity and quality of 
protein. 

However, experiments have clearly proved that the results are not 
greatly improved when there is added to corn for pigs in dry lot only 
a mineral supplement which furnishes an abundance of calcium and 
phosphorus.^ For proper growth and economical fattening the ration 
must be fully balanced by the addition of a sufficient amount of an effi- 
cient protein supplement. 

1329. Yellow vs. white com. — The discovery made by Steenbock at 
the Wisconsin Station in 1920 that yellow corn supplies considerable 
vitamin A, while white com has little or none, is of particular impor- 
tance in swine feeding. (511) Following this discovery, experiments 
were conducted by the author and associates at the Wisconsin Station 
and also by other investigators to find what effect this difference in 
vitamin A content would have on the value of the two kinds of corn for 
swine under various conditions.^ 

These experiments have shown that white corn produces poor results 
when fed for any extended period to pigs not on pasture, unless care is 
taken to include in the ration some supplement that provides an ade- 
quate amount of vitamin A. For example, in 5 Wisconsin tests young 
pigs not on pasture were fed from a weight of 50 to 60 lbs. to a market 
weight of 200 lbs. on either white corn or yellow corn, supplemented by 
tankage, skimmilk, or whey and linseed meal (all of which supply little 
or no vitamin A), The pigs fed yellow corn made decidedly more 
rapid and economical gains than those fed white com, and on the latter 
ration many pigs became runts or died because of the vitamin deficiency. 

On the other hand, for pigs on good pasture there is no difference 
in the value of the two kinds of com, because green forage supplies an 
abundance of vitamin A. Adding a small amount of leafy, well-cured 
legume hay to the ration entirely corrects the deficiency of vitamin A 
in white corn and in the small grains, as has been emphasized in the 
previous chapter. (1298) 

It should be borne in mind that although yellow corn is rich in 
vitamin A, it is deficient in vitamin D, just as is the case with white 
corn and the small grains. Therefore when swine fed yellow corn or 
any other grain are not exposed to enough sunshine to prevent rickets, 
legume hay or some other vitamin D supplement should be included in 
the ration. For example, this is generally advisable with pigs and also 
with brood sows during winter in the northern states, especially where 
the weather is such that they do not spend much time in direct sun- 
shine. 

1330. Forms in which to feed corn; types of corn. — The question 
as to the most ec^onomical form in which to feed com to swine was one 
of the first to be studied by the American experiment stations. For 
example, up to 1906 Henry and Henry and Otis had conducted 18 
experiments at the Wisconsin Station to find whether it paid to grind 
com for fattening pigs.^ Many trials have since been conducted by the 
various experiment stations to determine what is the most economical 
method of feeding com to pigs of various ages.^ 
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These experiments have shown in general that pigs up to about 
150 lbs. in weight chew com grain thoroughly, and therefore there is 
generally not enough saving through grinding com to warrant the 
expense. Ear com usually produces as good results as shelled corn or 
ground com. After pigs reach a weight of about 150 lbs. they chew 
the grain somewhat less completely. Hence, grinding the corn or soak- 
ing it will make a larger saving in the amount of feed required per 
100 lbs. gain. Whether this saving (which will probably not average 
more than 6 to 7 per cent) will cover the cost of preparation, will 
depend on the price of com and on the cost of grinding it. Soaking 
com that has become hard through storage will increase its value nearly 
as much as grinding it. 

There is probably a somewhat greater advantage in grinding flint 
corn than in the case of dent com, for flint corn is much harder. 
Except for this difference, the values of the two types of corn are equal. 
In an Iowa test there was no significant difference in the value for pigs 
of shelled dent com which was rather hard and that which was softer.® 

Similar to the condition with wheat and the grain sorghums, there 
is probably less saving through grinding corn for pigs that are self-fed 
the grain than for those that are hand-fed. (1336) When pigs were 
self-fed either shelled corn or ground com with a protein supplemental 
mixture in Wisconsin tests to a market weight of 200 lbs., there was no 
saving whatsoever through grinding corn for fall pigs fed in dry lot.® 
For spring pigs on pasture the saving amounted to only 5 per cent. 

In the early trials by Henry and Otis at the Wisconsin Station pigs 
averaging 175 lbs. in weight at the start .were hand-fed a mixture of 
two-thirds com (either shelled or ground) and one-third wheat mid- 
dlings. Grinding the corn for these heavy-weight pigs increased its 
value about 10 per cent, on the average. In recent Pennsylvania experi- 
ments in which pigs weighing 60 to 100 lbs. at the start have been 
carried to a market weight of about 200 lbs. on a hand-fed mixture of 
com, flour wheat middlings, tankage, linseed meal, and minerals, the 
saving through grinding the com was even larger than this."^ 

For feeding to brood sows, ear corn and shelled corn are the most 
economical forms. If the sows do not chew all the kernels, they will 
be commonly sorted out of the droppings and thus finally utilized, for 
brood sows are not generally fed all the grain they will eat. In an 
Iowa experiment brood sows were fed during winter on the same amounts 
of com grain in the form of ear corn, shelled com, com-and-cob meal, 
and ground shelled com.® There was no appreciable difference in the 
gains produced, and ear com or shelled com was more economical than 
ground com or com-and-cob meal. 

When shelled corn is ground for pigs, it should be ground to a 
medium degree of fineness. Pennsylvania and Wisconsin tests show that 
grinding to a fine meal does not increase the value* of the grain over 
medium grinding, and the cost of labor and power for such grinding 
is much greater.® However, medium-fine grinding is preferable to 
merely cracking the grain. 

1331, Hogging down com. — In the corn belt the practice of turn- 
ing pigs into standing com to harvest the crop has become common 
during recent years. This method has certain very definite merits and 
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also certain disadvantages. It saves labor at a busy season of the year, 
conserves fertility, and provides for the pigs a fresh field which is not 
contaminated by parasites. 

When pigs are thus fattened on the new com crop in the com belt, 
they cannot be marketed before the usual sharp decline in pricei occurs 
in the fall. Therefore they generally sell at a decidedly lower price per 
hundredweight than early spring pigs that are self-fed a well-balanced 
ration on good pasture during the summer and are ready for market in 
September or early October. In the South, where the com crop matures 
earlier, there is not this disadvantage. 

Many experiments have been conducted to determine the economy 
of hogging down com and to find the best methods of supplementing 
the com to produce rapid and economical gains.^® In 11 of these experi- 
ments one lot of pigs hogged down corn in which soybeans, rape, or rye 
had been grown as a supplemental crop, while a similar lot of pigs was 
fed ear corn in a dry lot. In addition, all the pigs were fed tankage or 
another protein supplement The corn consumed by the pigs in the 
corn field was estimated by husking out representative rows. The pigs 
hogging down corn gained 1.51 lbs. per head daily on the average and 
required 460 lbs. of com and supplement per 100 lbs. gain. Those fed 
ear corn and supplement in dry lot gained 1.48 lbs. a day and required 
479 lbs. of corn and supplement per 100 lbs. gain. Thus, hogging down 
produced slightly more rapid and more economical gains in these tests. 

This comparison perhaps is unduly favorable to the hogging-down 
method, for the pigs receiving the harvested corn were fed in dry lot, 
without pasture. This is generally an uneconomical method of feeding 
pigs during the pasture season. In 7 similar trials hogging down corn 
was compared with the feeding of ear com and tankage or other supple- 
ment to pigs on good pasture. In these tests the pigs fed ear com 
gained 0.17 lb. more per head daily than those which hogged down 
standing com and required 39 lbs. less corn and supplement per 100 lbs. 
gain. 

The trials at various experiment stations have shown that it is gen- 
erally advisable to grow some supplemental crop with the com, or else 
to allow the pigs access to good alfalfa, clover, or rape pasture in addi- 
tion. The crops most commonly grown in the corn belt are soybeans 
and rape. In most of the comparisons that have been made of these 
crops for this purpose, the results have been slightly better with soy- 
beans than with rape. Soybeans have the further advantage that they 
add nitrogen to the soil, if they are properly inoculated. A large- 
seeded variety of soybeans should be used for hogging-down. Soybeans 
are planted with the corn at the regular planting time, while rape is 
usually ^eeded at the time of the last cultivation. If there is a mid- 
summer drought, or if there is a heavy crop of com, the rape may not 
make much growth. Therefore, a separate strip of rape is sometimes 
grown at one side of the cornfield. 

Growing either soybeans or rape in corn reduces the yield of com 
slightly, but this is generally more than offset by the protein-rich feed 
they furnish. Even when one of these crops is grown in the com, it is 
usually most profitable to feed in addition 0.2 to 0.3 lb. per head daily 
of tankage or an equivalent amount of some other efficient protein sup- 
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plement. Linseed meal, wheat middlings, or corn gluten meal is not 
satisfactory for this* purpose, and it is best to use soybeans or soybean 
oil meal in combination with tankage, meat scraps, or fish meal. 

If protein supplements are unusually high in price and there is a 
considerable amount of soybean or rape forage in the com field, it may 
be most economical not to use any additional protein supplement. In 
this case it is very important to let the pigs have access to a mineral 
mixture supplying calcium and phosphorus. (181) 

When no supplemental forage is grown with the com, 0.3 to 0.4 lb. 
per head daily of tankage should be fed, or the equivalent amount of 
other suitable supplements. Though choice alfalfa hay used as a sup- 
plement does not produce such rapid gains as tankage, it is much better 
than no protein supplement for pigs hogging down corn. There is little 
or no advantage from supplying any minerals other than salt, when 
proper amounts of tankage, meat scraps, fish meal or skimmilk are used 
as the supplements for pigs hogging-down corn. 

Spring shotes, well grown on pasture and weighing 75 to 130 lbs. 
at the start," are.best for hogging down. Lighter pigs may be used if a 
few heavy hogs are put with them to break down the corn. Breeding 
stock should not be used to hog down corn, as they will get too fat. 
However, brood sows and their pigs can be turned into the field after 
the fattened pigs have been removed, to clean up what little corn is left. 

It is often recommended that the pigs be confined by a temporary 
fence to an area of the com field that they can clean up in 2 or 3 weeks. 
This may reduce the wastage of com, but it adds to the expense and its 
advisability is questionable, except in the case of heavy hogs and in very 
wet seasons. When desired, the field may be divided by means of a 
woven wire fence that is tied to com stalks and further supported by 
posts or stakes where necessary. 

Hogging down corn is most successful when the weather is reason- 
ably dry. In wet seasons the pigs will waste com and may injure the 
land. The crop should not be used for hogging down until the com has 
reached the glazing stage, due to the great storage of nutrients which 
occurs after this time. It is doubtful whether it is advisable to grow 
very early varieties of corn so as to have the crop ready sooner. Such 
varieties generally yield much less than the standard grain varieties in 
any locality. 

The area of com required for a given number of pigs may be com- 
puted from the estimated yield and from the following data secured in 
Ohio experiments:^^ When tankage or other protein supplement is 
fed to pigs hogging down corn, about 1 bushel of com will be eaten 
a day during the hogging-down period by each 9 to 10 pigs which 
weigh 75 to 100 lbs. at the start. About 1 bushel of com will likewise 
be eaten daily by 7 to 8 pigs weighing 100 to 150 lbs. at the beginning, 
or by 5 to 6 pigs weighing 150 to 200 lbs. at the start. 

If a protein supplement is not fed, it will usually take a given 
number of pigs somewhat longer to harvest a field of corn, for they will 
eat less per head daily and make correspondingly slower gains. 

1332. New corn; soft com. — If pigs are to hog down immature corn in the 
fall or are to be fed such grain in the yard, the change should always be made 
gradually, or digestive disturbances are apt to result. Immature corn is more 
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fermentable than mature grain and is apt to cause scours unless this precaution 
is taken. The statement is still sometimes heard that new corn causes hog cholera. 
This is untrue, though pigs which have become unthrifty due to improper feeding 
of new corn may be more susceptible to this and other diseases when exposed to 
infection. 

Soft corn from a crop that is killed by frost before it matures can often be 
utilized best by feeding it to swine. (516) Experiments have shown that when 
soft corn is of good quality and not damaged by mold or rot, the dry matter in it 
is about equal to that in mature corn.12 Of course, the feeding value per acre is 
lower, due to the reduced yield of dry matter from the immature crop. Soft corn 
that is damaged to some extent will be worth less than that of good quality, but will 
not injure hogs unless it is very moldy or rotten. It can therefore be fed to swine 
with much greater safety than to sheep or horses. 

Ear-corn silage, which is very satisfactory for fattening cattle, gave poor results 
when fed to pigs in an Illinois trial and caused digestive trouble in an Iowa test.i^ 

1333. Barley. — Barley is widely used for swine feeding in those 
sections of the northern states where corn is not an important grain 
crop, and in Canada and northern Europe it is the most common grain 
for swine. (551) Barley produces pork and bacon of excellent quality, 
the fat being hard and firm. Because of the hulls of ordinary barley, 
it is less concentrated than corn, and therefore is worth somewhat less 
per 100 lbs., as is shown in the experiments summarized later. 

Due to the small size and the hardness of the barley kernels, the 
grain should be ground or rolled for the best results in swine feeding. 
It is best to grind barley to at least a medium degree of fineness, instead 
of merely cracking it.^^ Very fine grinding does not probably cause 
sufficient additional increase in value to warrant the greater cost. In 
Oregon tests steam-rolled barley was worth a trifle more than finely- 
ground barley.^® 

Many experiments have been conducted to compare the value of 
whole and ground barley for fattening pigs. While the savings made 
by grinding differed considerably in the various tests, in nearly all cases 
it paid to grind the grain. In 25 experiments grinding barley has 
increased its value 17 per cent, on the average.^® On whole barley the 
gain is less rapid and considerably more feed is required per 100 lbs. 
gain. 

When barley cannot conveniently be ground, it is often soaked for 
12 hours or more before feeding it, but this is a poor substitute for 
grinding. Soaking the grain may produce somewhat more rapid gains, 
but usually there is little or no saving in the amount of feed required 
per 100 lbs. gain.^^ 

Since barley is richer than com in protein, less protein supplement 
is needed to balance the ration with barley. Pigs that are self-fed, free- 
choice, on barley and tankage or other protein supplements often eat 
decidedly more of the supplement than is needed to balance the ration. 
Therefore, it is best to mix the proper proportion of supplement with 
the ground barley and then self -feed the mixture, instead of self-feeding 
the grain and supplement separately. Suitable mixtures for dry lot and 
pasture feeding are shown in Appendix Table VII. The use of a pro- 
tein supplement for pigs fed barley on pasture has been discussed in 
the previous chapter. (1286) 

Barley has the same deficiencies as all the other small grains, having 
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proteins of rather poor quality, being low in calcium, and lacking vita- 
mins A and D. (1325) 

The value of ground barley for swine feeding has been compared 
with that of com and other grains in many experiments. The following 
table gives the results of 17 trials in which good-quality ground barley 
has been compared with com, when self-fe^ to pigs in dry lot with 
tankage or a combination of tankage and alfalfa hay or alfalfa hay and 
linseed meal.^® In these trials pigs averaging 79 lbs. in weight at the 
start were fed for an average of 75 days. 

Experiments have not been included in this summary where the 
pigs ate an excess of supplement when it was fed free-choice, or where 
the experimenters fed considerably more supplement than was needed 
to balance the ration. When just as much supplement is fed with 
barley as with com, advantage is not taken of the fact that barley con- 
tains more protein than com. 

Ground barley vs. corn for fattening pigs 

Daily Feed for 100 lbs. gain 


Average ration • gain Grain' Supplement 

Lbs. Lbs. Lbs. 

Loti. Barley, 6.6 lbs. Supplement, 0.4 lb 1.55 428 27 

Lot 11. Com, 6.2 lbs. Supplement, 0.6 lb ' 1.66 373 36 


The barley-fed pigs made gains that were good, though not quite 
so rapid as those of the pigs fed com. For 100 lbs. gain they required 
55 lbs. more grain than the corn-fed pigs, but 9 lbs. less supplement 
(nearly all of which was tankage). In these trials 100 lbs. of ground 
barley was equal in value to 87.1 lbs. corn plus 2.1 lbs. tankage. With 
corn at $20 per ton and tankage at $60, ground barley would be worth 
93 per cent as much as corn, so far as amount of feed required per 
100 lbs. gain was concerned. 

In 10 similar trials in which good-quality ground barley has been 
compared with corn for pigs on pasture, the results have been similar.^® 
In these tests the pigs fed barley likewise gained slightly less than 
those fed com, and each 100 lbs. of ground barley was pqual in value 
to 83 lbs. com plus 4 lbs. supplement (tankage and linseed meal) . With 
feeds at representative prices, ground barley was worth about 91 per 
cent as much as com in these tests. Light-weight barley is worth less 
than heavy grain, the value depending on the proportion of kernels to 
hulls. 

Barley should be ground for pigs, while this is not necessary with 
corn. Therefore the cost of grinding must be deducted from the rela- 
tive value of ground barley, in order to find how much whole barley 
which is to be ground before being fed is worth. With usual prices for 
grinding, this will make whole barley worth about 81 to 85 per cent as 
much per ton as com. There is no appreciable difference between the 
value of Trebi barley and the Manchurian varieties of barley for swine 
feeding.*® Hull-less barley resembles wheat in feeding value.*^ Barley 
^ which is badly affected with scab is unsuited for feeding to swine. (503) 

1334. Oats. — Oats are very satisfactory to use as a limited part of 
the ration for swine, but they are too bulky and too high in fiber to be 
fed as the chief concentrate. (528) While oats may be worth fully as 




Self-feeding Is an Economical Method of Fattening Pigs 
This labor-saving method of feeding gives excellent results with growing, fatten- 
ing pig^ with well-grown shotes, and with old sows which are being fattened. 
(From Wisconsin Station.) 




Wheat Middlings or Linseed Meal Are Fair on Pasture 

On good pasture, such as this, wheat middlings or linseed meal are fair as 
supplements to corn or other grains. Still better results arc secured when a 
small amount of tankage, fish meal, or dairy by-products is fed in addition. 
On the other hand, they are inefficient when used as the only supplement for 
feeding young pigs in dry lot. 



Bluegrass Provides Excellent Spring and Fall Pasture 

Bluegrass furnishes cheap pasture for early spring and late fall, but it makes 
little growth in midsummer. Then such crops as alfalfa, clover, or rape should 
be provided. 
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much as com per 100 lbs. when they form only a relatively small part 
of the ration, their value is much less than that of corn, barley, or wheat 
when fed in large amounts. 

Oats vary considerably in weight per bushel and in proportion of 
hulls. Heavy-weight oats, containing a large percentage of kernels and 
a small percentage of hulls, are much better for swine than light-weight 
oats, and may satisfactorily form a somewhat larger proportion of the 
ration. 

For growing and fattening pigs oats should generally not form 
more than one-third and preferably not more than one-fourth of the 
ration. If a larger proportion of oats is fed, the rate of gain will be 
reduced, and the value of the oats per 100 lbs. will be considerably less 
than when a smaller amount is used. For brood sows before their lit- 
ters are farrowed, oats can form one-half of the grain without appre- 
ciably reducing the efficiency of the ration. This proportion of oats can 
also be continued until the pigs are 2 to 3 weeks old. They will then 
need a large flow of milk, and the sow ^s ration should therefore be more 
concentrated, containing not over one-fourth to one-third oats. 

Extensive experiments have been conducted, especially by the Illi- 
nois, Indiana, Iowa, Minnesota, and Ohio Stations, to determine the best 
ways of using oats for growing and fattening pigs.^^ It has been found 
in these studies that oats have the highest value when ground oats are 
used to replace not more than one-fourth of the com in a ration. 

In 10 experiments pigs fed approximately 3 parts by weight of 
shelled com and 1 part of ground oats with tankage or other efficient 
protein supplements gained an average of 1.23 lbs. per head daily, 
which was a trifle more than the average of 1.21 lbs. for others fed 
shelled com as the only grain with the same supplements. Since oats 
have somewhat more protein than does corn, less protein supplement was 
needed when oats were included in the ration, but the oat-fed pigs 
required slightly more grain per 100 lbs. gain. In these experiments 
100 lbs. of ground oats were equal to 88.8 lbs. com plus 5.1 lbs. of tank- 
age or tankage equivalent. With shelled corn at $20 and tankage at 
$60 a ton, this would give ground oats a value of $20.82 a ton, or 
4 per cent more than that of shelled corn. 

When forming more than 25 per cent of the ration for pigs, oats 
usually decrease the rate of gain and are worth decidedly less than corn 
per 100 lbs. Pigs fed oats as the only grain with good protein supple- 
ments gain much less rapidly than when a more concentrated ration is 
fed. Without considering the difference in rate of gain, ground oats 
fed as the only grain in 14 trials have been worth only 75 per cent as 
much as com per 100 lbs. 

Occasionally, when pigs are self-fed corn and tankage or some other 
protein supplement, free-choice, ground oats are also provided in a com- 
partment of the self-feeder. When this is done, the pigs generally eat 
very little of the oats. Therefore, if one desires to use oats for pigs, it 
is best to mix the proper proportion of ground oats with the com or 
other grain. 

Oats should be ground to a medium fineness for swine, as grinding 
generally increases the value of the grain 25 per cent or more. Soaking 
whole oats does not increase their value apprecia^bly. 
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1336. Hulled oats. — Sometimes oats for swine feeding are run 
through hulling machines which grind the grain and remove most of 
the hulls. Generally not over 85 to 90 per cent of the kernels are recov- 
ered in the hulled oats, the rest going with the hulls. It takes about 155 
to 165 lbs. of whole oats to produce 100 lbs. of hulled oats. 

Hulled oats are an excellent feed for swine, but they are usually 
much more expensive than corn or barley. Except perhaps for very 
young pigs, ground oats are a more economical feed than hulled oats. 
In 9 experiments with growing and fattening pigs, the addition of a 
limited amount of hulled oats to a ration of corn and protein supple- 
ment has increased the rate of gain slightly.^^ Each 100 lbs. of hulled 
oats (made from 155 to 165 lbs. of whole oats) has saved enough corn 
and protein supplement to equal about 140 lbs. of corn in value. In 
these trials the oats before hulling were therefore worth decidedly less 
than com per pound. 

Hulled oats are commonly too expensive to be fed as the only grain 
to swine. 

1336. Wheat. — Except in certain districts of the Northwest, wheat 
is commonly too high in price, in comparison with the other grains, to 
be used in swine feeding. (537) As is shown later, wheat of good qual- 
ity is even slightly superior to corn for swine. Wheat of poor quality 
that is unsuited for milling may be nearly equal to high-grade wheat in 
feeding value.^^ The value of salvage wheat, which has been damaged 
in elevator fires, will depend on the extent of injury by charring or 
smoke. 

Many trials have been conducted by the experiment stations to com- 
pare the value of wheat with that of corn or barley for swine feeding. 
In 16 experiments in which ground wheat has been directly compared 
with shelled corn as the only grain for growing and fattening pigs, the 
pigs fed ground wheat with tankage or some other efficient protein sup- 
plement gained 1.39 lbs. per head daily on the average.^® Others fed 
shelled corn in place of ground wheat gained 1.27 lbs. Because wheat 
contains more protein than does com, a little less tankage or other pro- 
tein supplement was required with wheat, but the wheat-fed pigs con- 
sumed a trifle more grain per 100 lbs. gain. In these trials 100 lbs. of 
ground wheat were equal in value to 97.7 lbs. shelled com plus 3.2 lbs. 
tankage or tankage equivalent. With shelled corn at $20 a ton and 
tankage at $60 a ton, this would make wheat worth 7 per cent more than 
shelled com. 

Ground wheat has been compared with ground barley in 15 simliar 
experiments.^® The pigs fed ground wheat gained 1.41 lbs. per head 
daily, in comparison with 1.31 lbs. for those fed ground barley. Some- 
what less grain and supplement were required per 100 lbs. gain by the 
wheat-fed pigs than by those fed barley, and 100 lbs. ground wheat were 
equal in feeding value to 111.0 lbs. ground barley plus 2.5 lbs. tankage 
or tankage equivalent. 

In these trials excellent results were secured when wheat was fed 
as the only grain to pigs on pasture and also to those in dry lot. Occa- 
sionally, pigs fed wheat as the only grain may show a little more ten- 
dency than those fed com or barley to go off feed. In such cases, it is 
well to mix other grain with the wheat, for such combinations produce 
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very satisfactory results.^^ When wheat or corn is improperly used as 
the only feed for pigs not on pasture, wheat will produce somewhat 
better results than white corn, because wheat has more protein and 
minerals. 

Though wheat is somewhat richer than corn in protein, nevertheless 
it requires the addition of an efficient protein supplement to produce 
rapid and economical gains, except for pigs on excellent pasture. Wheat 
is so palatable to pigs that when they are self-fed free-choice on wheat 
and either tankage or fish meal, they do not generally take more of the 
supplement than they need. Like the other grains, the quality of pro- 
tein in wheat is not satisfactory for swine, and the grain lacks vitamins 
A and D. These deficiencies must be accordingly borne in mind and 
corrected. (1325) 

When wheat is fed in self-feeders, pigs chew the grain so thoroughly 
that grinding increases its value only about 6 per cent, on the aver- 
age.^® This saving is not usually sufficient to warrant the expense of 
grinding. If whole wheat is hand-fed, the pigs are so eager to get their 
share that they chew the grain less thoroughly. As a result, grinding 
wheat is probably advisable when the grain is hand-fed.^® Whole wheat 
should not be soaked as a substitute for grinding, as it is not so well 
utilized as the dry whole grain.®® 

1337. Rye. — The results that have been secured in experiments in which rye 
has been fed as the only or the chief grain to swine have differed widely. In some 
trials good results have been secured with rye, even when fed as the only grain to 
pigs from weights of 50 or 60 lbs. to market weights. However, in other experiments 
poor results have been secured with rye when it has formed most of the ration. (661) 

These unsatisfactory results may have been due in some instances to the rye 
containing ergot, but investigators have reported poor results even when the rye was 
not appreciably contaminated with ergot. (502) Minnqsota investigations show that 
swine have a pronounced dislike for rye containing any marked amount of ergot, 
and will consume much less feed than they would otherwise.31 Especial care should 
be taken not to feed rye containing ergot to breeding swine. 

In experiments at several stations ground rye has been unsatisfactory when fed 
as the only grain for more than 30 to 60 days, even when combined with tankage or 
tankage and alfalfa hay.32 In Minnesota trials the results were not improved when 
the rye was cooked, or when there was added to a ration of rye, tankage, and min- 
erals, either a vitamin A supplement or milk casein (which supplies excellent 

protein). 33 

In strong contrast with these results, rye has been satisfactory as the only grain 
in other trials. In 7 Montana trials pigs fed ground rye with alfalfa hay or alfalfa 
hay and tankage gained nearly as rapidly as others fed ground barley in place of 
the rye, and they required 7 per cent less grain per 100 lbs. gain.34 

In 7 experiments where ground rye was compared with shelled corn for pigs in 
dry lot, when fed with tankage or a good supplemental mixture, the average daily 
gain was 1.11 lbs. on rye and 1.38 lbs. on corn.35 Not considering the less rapid 
gains on rye, 100 lbs. of ground rye were equal to 91.0 lbs. corn plus 0.8 lb. of 
supplement (chiefly tankage). When pigs do well on rye, the quality of the carcasses 
is good. 

Due to the poor results that are often secured when rye is fed as the only grafn, 
it had best be mixed with at least an equal weight and preferably a larger amount 
of other grain, such as corn, barley, oats, or wheat.36 Rye gives more uniformly 
good results when fed to pigs on pasture than to those in dry lot. Adding well- 
cured alfalfa hay to the ration of rye-fed pigs in dry lot is beneficial. A protein 
supplement should be added to balance the ration when rye is the chief grain. 
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except perhaps for pigs over 75 to 100 lbs. in weight which are on good pasture. 
Unless the cost of grinding is unusually high^ it pays to grind rye for swine.s? 

1338. Grain sorghums; sweet sorghums. — Throughout the sorghum 
belt the grain sorghums are of outstanding importance in pork produc- 
tion. (666) These grains are similar to corn in composition, though 
containing less fat. Kafir and feterita have about as much digestible 
protein as barley, while milo and darso supply but little more than corn. 
In swine feeding all the grain sorghums are excellent substitutes for 
com, both for growing and fattening pigs and for breeding stock. 

Kafir, milo, and feterita, when ground, are all worth fully 91 
per cent as much as shelled com for swine. The value of kaoliang and 
of sweet sorghum seed is lower, as is shown later. The grain of the 
various sorghums differs somewhat in palatability for swine, as shown 
in Kansas tests.®® Probably this is due chiefly to differences in the 
amount of tannin in the seed. Red kafir, Wheatland milo, dwarf milo, 
and Atlas sorghum were more palatable than Blackhull kafir or Kalo, 
and Sumac sorghum seed was least liked. 

Grain* from the various sorghums has the same nutritive deficien- 
cies as the other small grains and also white corn. Unless these lacks, 
which have been emphasized previously, are corrected, unsatisfactory 
results will be secured. (1326) For example, brood sows are unable 
to produce thrifty pigs when fed only grain sorghum, without a proper 
supply of protein, minerals, and vitamins.®® 

The sorghums should be threshed for swine, instead of being fed 
in the head. In Oklahoma tests threshing kafir and darso increased the 
value of the grain one-third or more.^® Grinding sorghum heads is a 
disadvantage, as it forces the swine to eat the fibrous stems of the heads. 
Soaking the heads is also inadvisable. 

It has been shown in recent Texas and Oklahoma experiments that 
when threshed grain sorghum is self-fed, grinding the grain does not 
increase its value enough to justify the expense.^^ On the other hand, 
when the grain is hand-fed the pigs are in such haste to get their shares 
that they do not chew it thoroughly. Therefore, grinding the grain is 
usually advisable. In a Texas test, for example, only 2 per cent of the 
milo grain passed through pigs unchewed when self-fed, while the loss 
was 10 per cent when the grain was hand-fed. 

There is no advantage in soaking either whole or ground grain 
sorghum for swine.*® 

Kafir has been directly compared with corn in 7 experiments in which fattening 
pigs were fed grain supplemented with tankage, tankage and shorts, or alfalfa hay.^a 
In the trials in which the daily gain was reported, it was practically as rapid on 
ground kafir as on corn, A little more feed was required per 100 lbs. gain on the 
kafir rations, and on the average 100 lbs. of ground kafir were equal in value to 
91 lbs. of corn. 

Milo was likewise worth about 91 per cent as much as corn in 6 similar tests in 
which ground milo was compared with corn for fattening pigs.44 

*Feterita was fully equal to milo for swine feeding in tests at the Kansas Sta- 
tion, and in an Arkansas test ground feterita was slightly superior to ground kafir.45 

Kaoliang is apparently somewhat less valuable for swine feeding than kafir, milo, 
or feterita. In a South Bakota trial ground kaoliang was worth only about four- 
fifths as much as ground corn per 100 lbs., either when fed with alfalfa hay or when 
the grains were fed without any supplement.46 
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Seed from the sweet sorghums is not so palatable to swine as grain sorghum and 
has a lower value. When fed as the only grain, ground sweet sorghum seed has pro- 
duced much less rapid gains than corn in 6 tests, and considerably more feed has 
been required per 100 lbs. gain on the sweet-sorghum-seed ration.47 On the average 
100 lbs. of ground sweet sorghum seed have been worth only as much as 68 lbs. of 
corn. Due to the small size of the seeds, sweet sorghum grain should be ground for 
swine. 

Darso, a hybrid which has some of the characteristics of both the sweet sorghums 
and the grain sorghums, was worth about 88 per cent as much as corn in 3 Okla- 
homa tests in which pigs were fed either ground darso or ground corn, with tankage 
as the supplement.48 

Seed from Atlas sorghum, another hybrid, produced nearly as rapid gains as 
corn in a Kansas trial in which pigs were fed ground Atlas seed or ground corn 
with tankage and alfalfa hay.^s The ground Atlas grain was worth 94 per cent as 
much as ground corn in this test. 

1339. Hominy feed. — Hominy feed is a satisfactory substitute for corn in 
swine feeding, and can be used for all classes of swine. However, it is worth only 
95 per cent as much as corn per 100 lbs. for this purpose, while it is equal to corn 
for dairy cattle, beef cattle, and sheep. The slightly lower value of hominy feed 
for swine is probably due to the facts that hominy feed is somewhat higher than 
com in fiber and that swine have but little ability to digest fiber. 

In 14 experiments where hominy feed has been compared with corn when fed 
either with tankage or a supplemental mixture containing tankage, the gains have 
usually been a little less rapid on hominy feed.‘>o Also, slightly more feed was 
required per 100 lbs. gain. On the average, hominy feed was worth 95 per cent as 
much as corn in these trials. Perhaps due to a difference in the milling process 
then employed, hominy feed was apparently worth more than corn for pigs in certain 
early experiments in which these feeds were compared.si Yellow hominy feed sup- 
plies vitamin A, while white hominy feed lacks the vitamin. (188) 

When pigs are self-fed hominy feed and tankage or other palatable protein 
supplements by the free-choice method, they sometimes eat considerably more supple- 
ment than is needed. In such cases the supplement had best be mixed with the 
hominy feed in the proper proportion, or else be hand-fed. 

1340. Miner grains; miscellaneous carbohydrate-rich feeds. — In addition to 
the grains that have been discussed in this chapter, emmer, spelt, millet seed, rice, 
and rice by-products are all use<l for swine feeding. Detailed information on the com- 
position and values of these grains is given in Chapter XVII. 

Emmer should be used in the same manner as oats, which it resembles in com- 
position. Because of the hulls, emmer is worth much less than corn when fed as 
the only grain, but ground emmer is satisfactory when forming not more than one- 
half and preferably not more than one-third of the ration.52 (674) 

Finely-ground hog millet se^d was worth 97 per cent as much as shelled corn 
for pigs in 3 Colorado trials, and finely-ground hay millet seed (from Kursk millet, 
a fox- tail variety) was worth about 92 per cent as much as corn.sa (676) 

Ground rough rice and brewers^ rice produce firm pork of good quality, but rice 
polish and rice bran tend to produce soft pork. (668-672) 

Ground buckwheat may be used like oats in swine feeding. It is too high in 
fiber to give good results when it forms a large part of the ration, and it also pro- 
duces soft pork when too much is fed. (576) 

Oat mill feed was worth about one-half as much per 100 lbs. as corn or hominy 
feed for pigs in Wisconsin tests, if not more than 16 per cent of it was included 
in the ration.54 (630) Oat hulU were without value for growing and fattening pigs 
in an Ohio test in which 8 per cent of oat hulls was added to corn and the trio 
supplemental mixture.ss (631) On the other hand, including the same percentage 
of oat middlings in the ration increased the gain slightly, and the oat middlings were 
worth 29 per cent more than corn. (629) 
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Molasses, either beet or cane, is used less commonly for swine feeding than for 
cattle, sheep, or horses. However, when considerably cheaper then corn or other 
grain, molasses may well be substituted for a part of the grain in rations for swine. 

Including 10 per cent of cane molasses in a ration of rolled barley, tankage, 
linseed meal and minerals in 4 tests at the Hawaii Station did not affect the average 
rate of gain of pigs and the molasses was worth slightly more than rolled barley 
per 100 Ibs.sQ In Wisconsin tests cane molasses was generally worth somewhat less 
than corn when not to exceed 10 per cent of molasses was included in the rations 
of pigs fed corn and the trio supplemental mixture.^? When molasses is added to 
the ration, it is better to mix it with the grain than to mix the molasses with the 
protein supplement. (641) 

Beet molasses is apt to cause scours in pigs unless they are started on it very 
gradually and only limited amounts are fed. (642) 

The use of garbage in swine feeding has been discussed in Chapter XIX. (666) 
During the winter in the northern states, garbage-fed pigs may suffer from defi- 
ciencies of vitamin A or vitamin D, unless they are provided with well-cured legume 
hay or some other source of these vitamins.ss 

Many commercial mixed feeds for swine are available on the market. Some of 
these are intended as complete rations, while others are protein-rich mixtures to be 
used as supplements to the farm grains. Several experiments have been conducted 
to compare various commercial mixed feeds with simple rations composed of corn or 
other grain supplemented by tankage or other efficient protein siipplements.se In 
these trials the simple rations have produced fully as good or even better results 
than the commercial mixed feeds, showing that there is no need of great variety in 
swine feeding, providing the nutritive requirements are met. 


11. Protein Supplements 

1341. Advantages of certain mixtures of supplements. — It has been 
shown in the previous chapter that pigs not on pasture are apt to suffer 
from a deficiency of vitamin A or of vitamin D if they are fed a ration 
consisting of only cereal grain and any of the most common protein- 
rich concentrates. (1297) If the grain is chiefly yellow corn, there will 
be an adequate supply of vitamin A, but there will still be a lack of 
vitamin D, unless the pigs receive more exposure to sunlight than, is 
often possible during winter in the northern states. Fish meal may or 
may not supply sufficient amounts of these vitamins, depending on the 
process of manufacture and the kind of raw material used. (636) 

Numerous experiments have shown that tankage, meat scraps, skim- 
milk, or buttermilk produce excellent results when any one of these 
feeds is used as the only protein supplement for pigs on pasture. On 
the other hand, young fall pigs often become unthrifty when fed grain 
and one of these supplements during the winter without pasture, espe- 
cially under the climatic conditions in the northern states. If the pigs 
have been raised on excellent pasture in the fall and if they are not too 
young when placed in dry lot, they may make satisfactory gains on 
such a ration until they reach the usual market weights. This is 
because they will then have considerable stores of vitamin A and vitamin 
D in their bodies. As has been emphasized previously, very poor results 
are secured when such a feed as linseed meal or wheat middlings is 
used as the only protein supplement to grain for young pigs in dry lot, 
even when a mineral supplement is added to provide an abundance of 
calcium and phosphorus. (1282) 
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These facts had been revealed even before vitamin D was discov- 
ered, and when but little was yet known concerning the importance of 
vitamin A in swine feeding, investigations were therefore undertaken 
at various experiment stations in an endeavor to find some combination 
of protein supplements to use with corn or other grains, which would 
enable fall pigs to thrive under winter conditions like spring pigs do 
on good pasture. 

As has been mentioned earlier in this chapter, it was found by the 
author and associates, Bohstedt and Fargo, at the Wisconsin Station 
that the addition of only 5 per cent of good-quality alfalfa hay to a 
ration of white corn and either skimmilk or tankage would fully protect 
the pigs against disaster from a lack of vitamin A. (1329) In these and 
other experiments that arc discussed later in this chapter it was also 
learned that such an addition of alfalfa hay would very appreciably 
improve a ration of yellow com and tankage or a ration of yellow corn 
and skimmilk. (1396, 1397) 

Finally, mixtures of protein supplements were developed in these 
investigations which are safer and more efficient for young pigs not on 
pasture than any common single supplement. Probably the first of 
these mixtures was the combination of 50 lbs. tankage, 25 lbs. ground 
or chopped alfalfa hay or other legume hay, and 25 lbs. linseed meal, 
which was developed by the author with Bohstedt and Fargo at the 
Wisconsin Station.®^ This combination is now generally called the ^‘trio 
mixture,’^ the Wisconsin mixture,’’ or the ‘'trinity mixture.” It is 
commonly designated as the trio mixture in this volume. 

As is mentioned later, it has been found in experiments at other 
stations that certain substitutions can be made satisfactorily in this 
combination. For example, fish meal is a trifle superior to tankage in 
the trio mixture, and soybean oil meal or cottonseed meal is a good 
substitute for the linseed meal. 

1342. Results secured with the trio mixture. — To determine defi- 
nitely whether or not the trio mixture was generally superior to tankage 
as the protein supplement to yellow corn for young pigs not on pasture, 
10 experiments were conducted by the author and associates at the Wis- 
consin Station.®^ In these trials the pigs fed yellow corn and tankage 
gained 0.96 lb. per head daily, on the average, while those fed corn and 
the trio mixture gained 1.14 lbs. a day. This difference in daily gain 
means that 40-lb. pigs fed this ration would reach a market weight 
of 200 lbs. about 26 days before those fed the ration of corn and 
tankage. 

Still more important was the fact that practically all of the pigs 
remained uniformly thrifty on corn and the trio mixture, and con- 
tinued to make efficient gains even under winter conditions. On the 
other hand, several pigs fed only yellow corn and tankage did not 
thrive, and some showed definite symptoms of rickets. This was in 
spite of the fact that the pigs were provided with outdoor exercise lots, 
where they could get out in the sunlight when the weather was suitable. 
In these experiments the pigs fed corn and the trio mixture required 
16.7 lbs. less feed for each 100 lbs. gain than did those fed corn and 
tankage. This may at first not seem to be an important saving, but it 
must be borne in mind that the improvement was made over the ration 
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of yellow com and tankage, which had long been considered the stand- 
ard of excellence. 

The trio mixture has been compared with tankage as the supple- 
ment to yellow com for young pigs not on pasture in 21 experiments 
at other stations with similar results.®^ In these trials the average daily 
gain for the pigs fed yellow com and the trio mixture was 1.35 lbs., 
and for those fed corn and tankage 1.17 lbs. Combining the results 
of the 31 separate experiments, pigs fed yellow com and the trio mixture 
gained 1.28 lbs. per head daily from an average weight of 53 lbs. until 
they reached market weights. Those fed yellow com and tankage gained 
an average of 1.10 lbs. 

On the trio mixture an average of 351 lbs. com and 63 lbs. trio 
mixture were required per 100 lbs. gain, while on tankage as the only 
supplement there were required 384 lbs. com and 44 lbs. tankage. In 
these experiments each 100 lbs. of the trio mixture saved 70 lbs. tankage 
and 52 lbs. corn, without placing any value on the increase in rate of 
gain. With corn at $20, tankage at $60, linseed meal at $40, and 
ground or chd^ped alfalfa hay at $20 a ton, the feed cost per 100 lbs. 
gain would be $5.16 for the pigs fed yellow corn and tankage and only 
$4.93 for those fed corn and the trio mixture. 

It should be borne in mind that the most important advantage of the 
trio mixture over tankage as a supplement to grain for pigs not on 
pasture is not the slight increase in rate of gain or the slight saving in 
feed required per 100 lbs. gain. The chief merit of the trio mixture 
and similar combinations is the insurance against some of the pigs 
being made unthrifty or even becoming rants, because of a lack of 
vitamins. It is fortunate, indeed, that this insurance against vitamin 
deficiency can be gained, not only without added expense, but at an 
actual saving in cost, through the use of these cheap combinations. 

The trio mixture is relatively simple, being composed of only 3 
feeds. Nevertheless, there seems to be no advantage in making the 
mixture more complex by including other ingredients, at least for pigs 
that are past the weaning stage. For pigs at weaning time it is advan- 
tageous to add dairy by-products to the ration, when they are available 
on the farm. 

The advantages secured from the trio mixture can mostly be gained 
by adding merely alfalfa hay to such a ration as grain and tankage. 
However, experiments at the Kansas, Ohio, South Dakota, and Wiscon- 
sin Stations show that the gains are slightly more rapid and also more 
economical when com and the trio mixture are fed to young pigs in 
dry lot, instead of a ration of corn, tankage, and alfalfa hay.®® 

If pigs are well grown on pasture or on grain and such a supple- 
ment as the trio mixture until they reach a weight of 100 lbs., they 
can usually be fed safely on only grain and tankage until they reach 
the usual market weights. Sometimes the cost of gains may even be a 
trifle less after this time on a ration of yellow com and tankage than 
on yellow com and the trio mixture.®^ Especially in the case of fall 
pigs fed in dry lot during the winter conditions in the northern states, 
it is the safest plan to continue to use the trio mixture or a similar 
combination until the pigs are marketed. The trio mixture and similar 
combinations are satisfactory for feeding to pigs on pasture, but if the 
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pasture is really good, there is no need of including legume hay in the 
combination of supplements.®® 

In 3 Ohio experiments with young pigs in dry lot, the combination 
of corn and the trio mixture was superior to a ration of corn, tankage, 
^and a small amount of cod-liver oil (fed as a vitamin supplement).®® 
The pigs fed corn and the trio mixture gained 1.14 lbs. per head daily, 
on the average, at a feed cost per 100 lbs. gain of $6.80. Those fed 
corn, tankage, and cod-liver oil gained 1.03 lbs. a day at a feed cost 
per 100 lbs. gain of $7.11. 

1343. Methods of feeding trio mixtures. — The trio mixture and 
similar supplemental combinations produce excellent results when self- 
fed, free-choice, as the supplement to shelled com, also self -fed, or to ear 
com that is full-fed. In 3 Wisconsin tests the gains were about as 
rapid and were slightly more economical when pigs were thus self-fed, 
free-choice, on shelled com and the trio mixture, than when a mixture 
was self-fed which consisted of ground com and the proper proportion 
of the trio mixture to balance the ration.®^ 

When pigs are fed the grains that are richer in protein than com 
(including barley, oats, kafir, and rye) they may eat a larger amount 
of the trio mixture or similar mixtures if the mixture is self -fed, free- 
choice. With such grains, except in the case of wheat, it is generally 
more economical to mix the proper proportion of supplement with the 
grain and then self-feed the mixture. (1284) 

1344. Other supplemental mixtures for dry lot feeding. — Numerous 
experiments have been conducted during recent years to determine the 
value of different combinations of protein supplements as supplements 
to com and the other grains for pigs in dry lot and for those on pasture. 
Only the briefest summary can be given here of some of the most 
important of the results secured in these studies. 

It is shown later in this chapter that soybean oil meal is about 
equal to linseed meal when used as a substitute for the latter in the trio 
mixture. (1369) In a Delaware test raw soybeans were not a satis- 
factory substitute for linseed meal in the trio mixture.®^ Cottonseed 
meal can be used to replace linseed meal in the trio mixture, but the 
cottonseed-meal combination is slightly inferior to the original trio 
mixture. (1366) 

In 3 Wisconsin experiments the results were not quite so good when 
either com germ meal or wheat standard middlings were substituted 
for the linseed meal in the trio mixture.®® However, the com germ 
meal combination and the middlings combination were both slightly 
superior to tankage as the supplement to com for young pigs not on 
pasture. As stated later in this chapter, other legume hay of good 
quality can be used in place of alfalfa hay in the trio mixture. (1401) 

Meat scraps are probably deficient in vitamin A and vitamin D, 
the same as is digester tankage. For young pigs in dry lot it is there- 
fore advisable to use a trio mixture including meat scraps, instead of 
feeding meat scraps as the only protein supplement. In an Ohio trial 
there was a decided improvement in rate and economy of gain when 
the meat scraps trio mixture was fed to young pigs in dry lot instead 
of meat scraps as the only supplement.®® On the other hand, there was 
no benefit from the use of the trio mixture in Minnesota trials.^® Per- 
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haps in the latter the pigs had an unusually good store of vitamins in 
their bodies when the experiments began. 

Trials at the New York (Cornell) Station which are reviewed 
later show that when menhaden fish meal is substituted for the tankage 
in the trio mixture, the results are even a trifle better than when the ^ 
tankage trio mixture is used. (1368) If the fish meal contains goodly 
amounts of vitamin A and vitamin D, just as good results may be 
secured when it is fed as the only protein supplement to pigs in dry 
lot as when a trio combination is used (including legume hay)."^^ How- 
ever, unless one is sure that the fish meal has plenty of these vitamins, 
it is wise to use a trio combination for young pigs in dry lot, or at least 
to supply them with legume hay. 

The ‘^big ten'^ supplemental mixture, developed by Evvard and 
Culbertson at the Iowa Station, is probal3ly about equal to the trio 
mixture.^^ This consists of 40 lbs. tankage; 20 lbs. cottonseed meal; 
15 lbs. linseed meal ; 12.8 lbs. ground alfalfa hay ; 9 lbs. peanut oil meal ^ 

1 lb. salt; 1.5 lbs. ground limestone; 0.198 lb. iron oxide, commercial 
grade ; 0.5 ib. hardwood ashes ; and 0.002 lb. potassium oxide. It will be 
noted that this combination is much more complex than the relatively 
simple trio mixture or its various modifications. 

Such a combination as tankage and linseed meal may produce 
slightly more rapid and economical gains than tankage when used as 
the only supplement to grain for pigs not on pasture.^^ However, 
especially in the case of pigs under 100 to 125 lbs. in weight, it is 
advisable to include good legume hay in the ration to insure an ade- 
quate supply of vitamins A and D. 

1345. Supplemental mixtures for pasture feeding. — A mixture of 
one-half by weight of linseed meal and one-half of tankage is excellent 
for self-feeding, free-choice, to pigs that are self-fed corn on pasture. 
In 6 Wisconsin trials pigs self-fed this mixture and yellow com on 
good pasture made an average daily gain of 1.36 lbs., while others self- 
fed tankage and com gained 1,31 Ibs.^* Though the difference in gains 
was but slight, there was also a slight saving in the amount of feed 
required per 100 lbs. gain. The feed cost of 100 lbs. gain was $6.59 for 
the pigs fed the mixed supplement and $6.71 for those fed tankage. In 
these trials each 100 lbs. of linseed meal replaced 51 lbs. of tankage plus 
80 lbs. of corn. 

In other experiments in which mixtures of various proportions of 
linseed meal and tankage have been self -fed in comparison with tankage 
as the supplement to corn or barley for pigs on good pasture, the gains 
have, on the average, been slightly more rapid and also a trifle cheaper, 
with the mixed supplement.^^ In some of the trials, however, tankage 
has been just as efficient as the mixed supplement. On the other hand, 
there has been no benefit from adding linseed meal to the ration in 
experiments in which com, linseed meal, and tankage have been self-fed 
separately to pigs on pasture, in comparison with corn and tankage, or 
in trials in which the entire ration or the supplements have been hand 
fed.^® 

After a study of all the available data, the author prefers a mixture 
of one-half tankage and one-half linseed meal to tankage for self-feeding, 
free-choice, to pigs fed com on pasture, if the cost of linseed meal per 
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ton is not over two-thirds that of tankage. It is shown later in this 
chapter that a combination of one-half cottonseed meal and one-half of 
either tankage or meat scraps is even slightly superior to a combination 
of linseed meal and tankage or meat scraps. (1366) 

The ‘^all-purpose protein supplement’’ developed by Gerlaugh and 
associates in Ohio is an excellent supplemental mixture for swine on 
pasture. (629) This consists of a combination of 30 lbs. meat scraps, 
30 lbs. soybean oil meal, 20 lbs. cottonseed meal, 15 lbs. linseed meal, 
and 5 lbs. minerals (equal parts of steamed bone meal, ground limestone, 
and salt). For young pigs not on pasture, it would be advisable to add 
30 lbs. of chopped or ground legume hay to each 100 lbs. of this mixture, 
in order to provide vitamins A and D. 

Pigs on pasture will generally make as rapid gains when fish meal 
is the only supplement to corn or other grain, as when a combination is 
used of fish meal and either linseed meal, cottonseed meal, or soybean oil 
meal. (1358) Whether or not there will be any advantage from the use 
of such a combination, will depend on the relative prices of the various 
supplements. 

1346. Skimmilk; buttermilk. — Both skimmilk and buttermilk are 
excellent protein supplements to the grains in swine feeding, for these 
dairy by-products are rich in protein of the highest quality and they 
are also high in calcium and phosphorus. (618-619) Skimmilk and but- 
termilk are of especially high value for young pigs before weaning and. 
also for several weeks after weaning. When either of those dairy 
by-products is used as the supplement to corn or other grain for pigs, 
the gains will generally be slightly more rapid than when other excellent 
protein supplements are used, such as tankage or fish meal. Skimmilk 
and buttermilk are also excellent protein supplements for breeding 
swine. 

In feeding skimmilk, buttermilk, or whey to swine, it must be borne 
in mind that they are all very low in vitamin A and that they have but 
traces of vitamin D. (188, 192) A ration made up only of grain and 
one of these dairy by-products will be deficient in vitamin D, and unless 
the grain is yellow com, there will be a serious lack of vitamin A. 

A combination of grain and skimmilk or buttermilk produces 
excellent results when fed to pigs on good pasture, for the green forage 
provides an abundance of vitamin A, and the exposure to direct sun- 
light meets their vitamin D requirements. For all swine not on pasture, 
legume hay should, if possible, be supplied in addition to grain and 
these dairy by-products, so as to provide an adequate supply of these 
vitamins. (1298) Legume hay is especially necessary when little or no 
yellow corn is fed, and also for young pigs during winter when they 
are not protected from rickets by abundant exposure to sunlight. 

For pigs before and soon after weaning, skimmilk is best if fed 
fresh, though even for young pigs skimmilk which has soured under 
sanitary conditions is satisfactory. However, if sour milk is to be used, 
it should always be fed sour. Feeding the milk sweet at one feeding 
and sour at the next is apt to cause scours. 

Buttermilk which has not been diluted by the addition of chum 
washings has practically the same chemical composition as skimmilk. 
Experiments have shown that it is of approximately the same value for 
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swine.’^^ Contrary to certain claims that have been made, the lactic acid 
in buttermilk does not give buttermilk any higher value than sweet 
skimmilk for swine.’'® Storage of buttermilk for a few days under sani- 
tary conditions does not apparently injure its value.^® 

In order to prevent the introduction of disease on the farm, dairy 
by-products should be pasteurized at the creamery or cheese factory 
before being returned to the farm. (621) 

1347. Value of skimmilk or buttermilk. — To determine the real 
value of skimmilk or buttermilk for swine feeding we must compare it 
with another efficient protein supplement, such as tankage. Also, no 
more of either supplement should be fed than is needed to balance the 
ration. If an excess is used, the value of the supplement will be 
reduced, as full use will then not be made of the protein it provides. 

In many of the early experiments to study the value of these dairy 
by-products, a ration of grain and skimmilk or buttermilk was com- 
pared with a ration of grain alone. This is obviously not a fair basis 
for determining the value of these dairy by-products, for no progressive 
farmer nolv feeds his pigs such an inefficient ration as grain alone when 
they are not on pasture. 

The value of skimmilk as a protein supplement to com for pigs not 
on pasture is shown in 12 experiments in each of which one lot of pigs 
was fed a ration of skimmilk and corn (yellow corn in nearly all cases) 
in the proper proportion to make a well-balanced ration, and another 
lot was fed proper proportions of com and tankage.®® In these trials 
pigs averaging 75 lbs. in weight at the start were fed for an average of 
97 days with the results shown in the following table. 

Skimmilk vs, tankage as supplement to corn for fattening pigs 

Feed for 100 lbs. gain 
Daily Skim- 

Average ration gain Corn milk Tankage 

Lbs. Lbs. Lbs. Lbs. 

Lot I, fed skimmilk 
Skimmilk, 7.1 lbs. 


Com, 4.6 lbs 1.36 346 535 

Lot II, fed tankage 
Tankage, 0.47 lb. 

Com, 4.9 lbs 1.24 404 ... 39 


The pigs fed skimmilk and corn in these extensive trials gained 1.36 
lbs. a head daily, which was 0.12 lb. more than those fed tankage and 
com. On skimmilk and corn there were required only 346 lbs. com and 
535 lbs. skimmilk for 100 lbs. gain, while the pigs on tankage and com 
consumed 404 lbs. com and 39 lbs. tankage for each 100 lbs. gain. 

In these trials each 100 lbs. of skimmilk saved 7.3 lbs. tankage, plus 

10.9 lbs. com, without giving any credit for the more rapid gains pro- 
duced by feeding skimmilk. The high value of the dry matter in skim- 
milk is shown by the fact that 100 lbs. of skimmilk, containing only 

9.9 lbs. dry matter, replaced 15.7 lbs. of dry matter in com and tankage. 

It has been emphasized previously that grain supplemented either 
by tankage or by skimmilk is not an ideal ration for pigs not on pasture, 
due to the lack of vitamin D and also to a deficiency of vitamin A unless 
the grain is yellow com. One of the best possible rations that does not 
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include dairy by-products is the combination of com and the trio sup- 
plemental mixture (consisting of tankage, linseed meal, and alfalfa or 
other legume hay). (1341) It is therefore important to know the value 
of skimmilk when it is substituted for tankage in this efficient and popu- 
lar ration. 

In 3 Wisconsin tests pigs self fed com and the trio mixture from 
shortly after weaning up to market weights gained an average of 1.07 
lbs., while others fed corn, supplemented by 5.9 lbs. skimmilk, 0.21 lb. 
linseed meal, and 0.21 lb. alfalfa hay gained 1.14 Ibs.®^ In these experi- 
ments each 100 lbs. of skimmilk saved 7.4 lbs. tankage plus 13.1 lbs. com 
and 1.1 lbs. linseed meal. 

Skimmilk was compared with tankage in 3 Michigan and Nebraska 
trials, which were similar except that linseed meal was not included in 
the rations.®^ In these tests each 100 lbs. of skimmilk was equal in value 
to 6.7 lbs. tankage plus 7.5 lbs. corn and 1.3 lbs. alfalfa hay. 

Skimmilk or buttermilk will have an even higher value than shown 
in these experiments for very young pigs up to 50 to 60 lbs. in weight. 
Also, the value of these dairy by-products per 100 lbs. will be greatest 
when only a very limited amount of skimmilk or buttermilk is used, and 
a sufficient amount of some other protein supplement is fed to balance 
the ration fully. Only 2 to 4 lbs. of skimmilk or buttermilk per head 
daily will produce excellent gains on young pigs, when the rest of the 
protein needed to balance the ration is supplied by another supplement. 
This supplement may be a small amount of tankage or fish meal, or it 
may also be wheat middlings or linseed meal, both of which are ineffi- 
cient when fed as the only protein supplement to pigs. (1282) 

The high value of skimmilk when only a limited amount is fed with 
a small amount of another supplement is shown in 3 Ohio trials in which 
pigs were fed from a weight of 45 lbs. to a market weight of about 
200 lbs.®® On a ration of 3.2 lbs. skimmilk, 0.22 lb. tankage, and 3.8 lbs. 
corn, pigs gained 1.19 lbs. per head daily, in comparison with 0.96 lb. for 
others fed corn and tankage, a mineral mixture being included in both 
rations. When this small amount of skimmilk was fed as a partial sub- 
stitute for tankage, each 100 lbs. of skimmilk replaced 7.4 lbs. tankage 
plus 22.5 lbs. com. 

As is pointed out later, skimmilk and buttermilk have a lower value 
if more is fed than is needed to balance the ration. As a supplement to 
other grains, these dairy by-products have about the same value as 
when fed with corn. The value of skimmilk or buttermilk in compari- 
son with tankage and other protein supplements will in general be some- 
what less for pigs on pasture than for those in dry lot.®^ This is because 
good pasturage aids in furnishing some of the nutritive factors which 
make milk such a superlative feed for young pigs. 

If a ration already contains a sufficient amount of tankage, fish 
meal, or other efficient protein supplement to balance it properly, it is 
uneconomical to add skimmilk or buttermilk to it.®° The other protein 
supplements should be omitted, or else reduced in amount if there is not 
enough milk to balance the ration completely. 

1348. Amount of skimmilk or buttermilk to feed. — Skimmilk and 
buttermilk are too rich in protein and also too watery to produce eco- 
nomical gains when fed alone. They should therefore always be fed 
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with cereal grains or other carbohydrate-rich concentrates. These dairy 
by-products have the greatest value when no more is fed than is needed 
to balance the ration. Much larger amounts can, however, be fed when 
there is a surplus available, after the dairy calves and poultry have been 
provided with a sufficient amount of these efficient protein supplements. 
Any additional amounts of skimmilk or buttermilk that may be used 
beyond the amounts needed to balance the rations for pigs will, of 
course, be worth much less than the portion that is actually needed as a 
protein supplement. This is because the pigs will be able to use the 
excess amount only as a source of energy and not as a source of high- 
quality protein to make good the deficiencies of protein in the rest of 
the ration. 

Various experiments have shown clearly the lessened value of skim- 
milk or buttermilk when more is fed than is needed to balance the ration. 
For example, in 2 Ohio tests pigs were, fed from weights of 33 to 45 lbs. 
until they were ready for market on various proportions of skimmilk 
and corn, in comparison with pigs fed corn and tankage in proper 
amounts.®® With com at 56 cents a bushel and tankage at $60 a ton, 
skimmilk was worth 51 cents per 100 lbs. when 1 lb. of skimmilk was fed 
with each 1 lb. of corn. When 3 lbs. of milk were fed per i)ound of 
com, the value of 100 lbs. of skimmilk was reduced to 30 cents, and 
when the pigs were allowed to drink all the skimmilk they would take in 
addition to a full feed of corn, each 100 lbs. of the milk was worth only 
21 cents. 

Due to the high efficiency of the milk proteins 'as supplements to 
the cereal grains, pigs fed grain and either skimmilk or buttermilk do 
not require quite as much protein as is generally advised in the feeding 
standards. In computing balanced rations for pigs of various weights 
with skimmilk or buttermilk as the chief supplement, the amount of 
protein may even fall a trifle below the amounts advised in the Morrison 
feeding standards. (Appendix Table III.) 

The proportion of skimmilk or buttermilk that is needed to balance 
com or other grain will depend on the age of the pigs. Just after wean- 
ing, pigs require so much protein that 4 to 6 lbs. of skimmilk or butter- 
milk are receded to balance each pound of com. This is a larger proportion 
of milk than pigs will usually take when they are full-fed on corn. There- 
fore milk should preferably be used at this time in combination with a 
limited amount of other protein supplements. An excellent combination 
is com, skimmilk, and a small amount of wheat middlings or linseed 
> meal (with legume hay in addition for pigs not oh pasture). 

As the pigs grow older, the proportion of skimmilk or buttermilk 
needed to balance the ration decreases as follows: Pigs weighing 50 to 
100 lbs., 2.5 to 3 lbs. milk to 1 lb. corn; pigs weighing 100 to 150 lbs., 2 
to 2.5 lbs. milk to 1 lb. corn ; pigs weighing 150 to 200 lbs., 1.5 to 2.0 lbs. 
per pound of com; and pigs weighing over 200 lbs., only 1.0 to 1.5 lbs. 
of milk for each pound of com. Where barley or wheat is fed in place 
of com, only about one-half to two-thirds as much milk is needed for each 
pound of grain as with com. 

Pigs fed com on good pasture will need only about one-half as much 
milk for each pound of grain. If the above amounts of milk are avail- 
able, there is no use of adding any other protein-rich feed. But if sufiS- 
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cient skimmilk or buttermilk is not on hand, it will pay to feed a small 
amount of some other supplement, like tankage, linseed meal, or wheat 
middlings, to balance the ration properly. 

Pigs need a large proportion of skimmilk to each pound of com 
when they are young, but they consume more grain per head daily as 
they grow older. Therefore after pigs reach a weight of 40 to 50 lbs., 
the weight of milk that is needed per head daily to balance the ration 
remains about constant. For pigs not on pasture that are full-fed corn 
and are supplied with legume hay in addition, 6 lbs. of skimmilk or but- 
termilk per head daily will produce rapid and economical gains.®^ The 
rate of gain may be a trifle more rapid when more milk is fed, but gen- 
erally the value of the milk per 100 lbs. will be less. 

For pigs full-fed com on good pasture a daily allowance of only 
3 lbs. of milk per head is satisfactory.®® If an abundance of milk is 
available, the gains can be increased slightly by feeding 4 to 6 lbs. of 
milk a day, but the milk will then have a somewhat lower value per 
100 lbs. 

1349. Money value of skimmilk or buttermilk. — It is evident from 
the preceding discussion that the actual value of skimmilk or buttermilk 
per 100 lbs. in comparison with that of tankage depends somewhat on 
the ration that is fed. It seems safe to conclude that when no more of 
one of these dairy by-products is used than is needed to balance the 
ration, each 100 lbs. will be equal in value to approximately 7.3 lbs. 
tankage plus 10.9 lbs, corn. The money value of skimmilk or butter- 
milk thus depends on the prices both of tankage and of corn. 

For convenience, the money value of 100 lbs. of skimmilk or butter- 
milk with corn and tankage at various prices (based on this valuation) 
is shown in the following table. It should be borne clearly in mind that 
these values will be secured only when no more milk is fed than is needed 
to balance the ration. 


Money value of skimmilk or buttermilk per 100 lbs., for pigs 



Price of corn per bushel 


$.40 

$.56 

$.70 

$.85 

$1.00 

Value of 100 lbs. skimmilk or 
buttermilk 

With tankage at $40 a ton 

Cents 

22 

Cents 

25 

Cents 

Cents 

Cents 

With tankage at $50 a ton 

26 

29 

32 



With tankage at $60 a ton 

30 

33 

35 

38 


With tankage at $70 a ton 

33 

36 

39 

42 

45 

With tankage at ^0 a ton 

40 

43 

46 

48 

With tankage at $100 a ton 


50 

53 

56 


When only a very limited amount of skimmilk or buttermilk is 
fed to pigs in combination with grain and a small amount of other 
protein supplements, the value of the milk will be even higher than 
shown in this table. On the other hand, for pigs on excellent pasture 
the value will generally be less than here shown. When the pigs are 
given considerably more milk than is needed to balance their rations, 
the value of the milk per 100 lbs. is correspondingly lessened. 
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1360. Whole milk. — Because of the high value of butter fat for 
human food, it is not profitable to feed whole milk to pigs, except per- 
haps in the case of orphan pigs raised by hand. (1428) Indeed, it was 
found in a Utah trial that whole milk is worth only about twice as 
much per 100 lbs. as skimmilk for pigs.®® Cow’s milk rich in fat is 
not so good as milk lower in fat for young pigs, as it is apt to cause 
digestive disturbances on account of the high fat content. (209) 

1361. Dried skimmilk; dried buttermilk. — Dried skimmilk and dried butter- 
milk are generally too expensive to be economical protein supplements for swine 
fading. They have a considerably higher value in comparison with tankage or fish 
meal for dairy calves being raised on a minimum amount of milk and for poultry 
than they do for pigs. (622) One pound of dried skimmilk or dried buttermilk 
is equal in amount of nutrients and in feeding value to 10 lbs. of fluid skimmilk 
or buttermilk. 

Where no fluid skimmilk or buttermilk is available these dried dairy by-products 
are excellent protein supplements for pigs, particularly at weaning time and during 
a few weeks afterward. The gains at this time will usually be a trifle greater when 
some dairy by-product is included in the ration. However, the cost of the gains is 
nearly always less when such a protein supplement as the trio mixture is used, 
without dried skimmilk or dried buttermilk. 

These feeds have only 33 to 35 per cent protein, in comparison with 50 to 60 
per cent protein in high-grade tankage, meat scraps, or fish meal. Considerably 
more dried skimmilk or dried buttermilk than of tankage or fish meal is therefore 
needed to balance the ration. Because of this, these dried dairy by-products have 
been worth only about 90 per cent as much per ton in experiments in which they 
have been fed as the only protein supplements to growing and fattening pigs.^o 

Even when only a small amount of dried skimmilk or dried buttermilk has been 
used in combination with a reduced amount of tankage or some other supplement, 
the dried skimmilk or buttermilk has been worth only a little more per ton than 
tankage.»i These dried dairy by-products generally .cost much more per ton than 
tankage, meat scraps, or fish meal. 

When maximum growth of purebred pigs is desired, regardless of the expense, 
and no fluid skimmilk or buttermilk is available, excellent results are secured when 
6 to 10 per cent of dried skimmilk or dried buttermilk is included in the ration, 
at least until the pigs reach a weight of 50 to 75 lbs. These dairy by-products should 
not be self-fed separately, free-choice, for they are so palatable that the pigs will 
eat much more than they need. 

1352. Oondensed or evaporated buttermilk. — Condensedr buttermilk, also called 
‘^evaporated buttermilk” and “semi-solid buttermilk,” usually contains over 60 per 
cent water, and it takes about 3 lbs. of condensed buttermilk to equal 1 lb. of dried 
buttermilk in feeding value. The expense for freight is high in transporting con- 
densed buttermilk, considering the amount of dry matter it contains. Also, it must 
be shipped in water-tight containers. For these reasons it is necessarily high in 
price for the amount of nutrients it actually provides, and consequently it has been 
largely replaced by dried buttermilk in stock feeding. 

Numerous experiments have been conducted to determine the valuo of condensed 
buttermilk for pigs, either as a substitute for tankage or other common protein 
supplements, or when a small amount has been added to a good ration .02 in these 
trials pigs fed condensed buttermilk have made slightly more rapid gains than 
othdfs receiving no dairy by-products, but the gains have been unduly expensive. 
While the price of the condensed buttermilk per ton was nearly as high as that of 
tankage, it was generally worth no more than one-third to two-thirds as much per 
ton as tankage. 

Some years ago claims were made that even when condensed buttermilk was 
fed in very diluted form as a “sour drink,” it would have a highly beneficial effect 
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on the health of pigs. In 3 Wisconsin tests, however, there was no benefit what- 
soever from adding 0.15 lb. of condensed buttermilk per head daily (diluted with 
about 30 parts of water to each part of buttermilk) to a ration consisting of corn 
and the trio supplemental mixture.03 

1353. Whey.— Whey has only 0.9 per cent protein, but the pro- 
tein it does contain (which is nearly all milk albumin) is especially 
effective in making good the deficiencies of the proteins in the cereal 
grains. (620) Because of this high quality of the protein in whey, well- 
grown pigs weighing over 100 lbs. will make excellent gains on a ration 
of only whey and barley or wheat, without the addition of any other 
supplement. 

For example, in 2 Wisconsin trials such pigs gained even more rap- 
idly on a ration of 7.8 lbs. barley plus what whey they would drink (an 
average of 18.4 lbs. a day) than others did on barley and tankage.®* 
Likewise, in 2 California experiments pigs fed barley and whey gained 
nearly as rapidly as those fed barley and skimmilk.®^ 

It was found in the Wisconsin tests that for younger pigs some 
protein-rich feed, such as linseed meal or wheat middlings, should be 
added to barley and whey to balance the ration more completely. With 
corn and whey, a supplement should be fed even to pigs over 150 lbs. 
in weight, for corn contains considerably less protein than does barley. 
An important fact brought out in these trials is that if pigs are given 
what whey they will drink, there is no further need, even for young pigs 
in dry lot, of supplying protein-rich feeds of animal origin. Entirely sat- 
isfactory results are secured when the ration is balanc^ by the protein- 
rich concentrates of plant origin, like linseed meal or wheat middlings. 

For pigs not on pasture, legume hay should be provided in addition 
to grain and whey, in order to provide ample amounts of vitamins A 
and D. This is especially important in the case of pigs under 100 to 
125 lbs. in weight. 

In the Wisconsin trials skimmed whey was worth about one-half 
as much per 100 lbs. as skimmilk. Unskimmed whey from American 
or Cheddar cheese factories, which contains about 0.3 per cent fat, will 
be worth a trifle more; and unskimmed whey from Swiss cheevse fac- 
tories, which may contain 0.8 to 1.0 per cent fat, will have a correspond- 
ingly higher value than skimmed whey. 

In the California trials whey was worth more than one-half as 
much as skimmilk per 100 lbs. For pigs on good pasture whey has 
been worth somewhat less than one-half as much as skimmilk per 
100 lbs.®® 

Whey should always be pasteurized at the factory to prevent the 
spread of disease and should be fed under sanitary conditions. Whey 
soured in clean containers is as valuable as sweet whey, but that from 
a filthy whey tank may be an unsatisfactory feed. 

1364. Tankage; meat scraps. — For many years digester tankage 
(or wet-rendered tankage) has been the high-protein supplement most 
extensively used for swine feeding in this country. (626) Not only are 
tankage and meat scraps excellent supplements for growing and fatten- 
ing pigs, but they also have the same high rank for feeding breeding 
swine. 

In the feeding experiments conducted by the experiment stations, 



876 


FEEDS AND FEEDING 


digester tankage has generally been selected as the standard with which 
other protein supplements have been compared. This has been done on 
account of the excellent results that are secured when tankage is prop- 
erly used, and also because tankage of high grade could often be more 
readily obtained than a constant supply of skimmilk or buttermilk. In 
this chapter the values of the other protein supplements are therefore 
generally compared with that of tankage. 

As has been stated previously, the digester process of producing 
tankage is now being largely replaced by the dry-rendering process, in 
which the product called meat scraps, or dry-rendered tankage, is pro- 
duced. (627) It is shown later that meat scraps are even slightly supe- 
rior to digester tankage for swine feeding. 

Digester tankage and meat scraps are both rich in protein that 
effectively corrects the deficiencies in the proteins of the cereal grains. 
(1281) These supplements are likewise very rich in calcium and phos- 
phorus. The only respect in which digester tankage and meat scraps 
fail to be complete supplements to the grains is that they lack vitamins 
A and t). While these meat by-products are complete supplements to 
the grains for swine on good pasture, in the case of swine not on pas- 
ture legume hay should be included in the ration to provide an abundant 
supply of these vitamins. (1298) This is especially important for both 
young pigs and brood sows during winter or whenever they arc not out 
in direct sunlight much of the time. 

As single protein supplements for swine, digester tankage and meat 
scraps are excelled only by skimmilk, buttermilk, and fish meal. When 
tankage or meat scraps are used in such protein supplemental mixtures 
as the trio mixture for pigs not on pasture, then the results are well- 
nigh ideal. Though excellent results are secured when tankage is used 
as the only supplement to grain for pigs on good pasture, it is shown 
elsewhere that combinations of tankage and other supplements may pro- 
duce a trifle more rapid and economical gains, especially when self-fed 
by the free-choice method. Thus, a mixture of one-half tankage and 
one-half linseed meal or cottonseed meal is slightly superior for feeding 
in this manner as a supplement to corn for pigs on pasture. (1345) 

The results of trials in which well-proportioned rations of corn and 
tankage have been compared with com alone for pigs not on pasture 
have been given on previous pages. (1327) It is there pointed out that 
on com alone young pigs made exceedingly poor gains, and that com- 
pared with this inefficient ration, 100 lbs. of tankage are worth more 
than 600 lbs. of com. Well-grown pigs which were started on corn 
alone at an average weight of 150 lbs. stood this poor ration somewhat 
better, but even for feeding such older pigs, each 100 lbs. of tankage 
saved 538 lbs. of com. These figures cannot be taken as showing the 
actual money value of tankage, for several protein-rich supplements 
are usually available for swine feeding, and the actual feeding value 
of tankage will depend on the prices of the other supplements available. 

1355. Grades of tankage and meat scraps. — High-grade digester 
tankage is generally guaranteed to contain 60 per cent protein, and this 
is the grade that has commonly been used in the feeding experiments 
summarized in this chapter. Meat scraps, or dry-rendered tankage, is 
usually guaranteed to contain either 50 or 55 per cent protein. Some- 
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times, however, meat scraps are produced that have 60 per cent protein 
or more. Tankage or meat scraps containing only 50 per cent protein 
or less commonly contains so much bone that it must be sold as a meat- 
and-bone product to conform to the definitions of the American Associa- 
tion of Peed Control Officials. 

Tankages containing only 30 to 45 per cent protein are produced 
by some small plants, and especially by rendering plants which render 
dead animals and scrap meat and bones from butcher shops for soap 
grease and other inedible fat. Tankages of this kind are usually so 
high in bone that they should be sold as digester tankage with bone, or 
meat and hone scraps, (628) The dead-animal tankage, or reduction 
tankage, is used chiefly for fertilizer. Some is fed to stock, and it is 
satisfactory for this purpose if not made from material that has begun 
to decompose before it is processed. (630) 

In tests at the Indiana and Ohio Stations very satisfactory results 
have been secured with low-protein tankages having 35 to 45 per cent 
protein, those tankages being worth more per unit of protein than high- 
grade digester tankage or meat scraps.®^ On the other hand, in Alabama 
and Iowa tests tankage containing 40 per cent protein was a much less 
satisfactory supplement to corn when self-fed, free-choice, than high- 
grade tankage containing 60 per cent protein.®® Quite possibly these 
differences in results were due to differences in the character of the raw 
materials used in making the low-protein tankages. 

1366. Meat scraps vs, digester tankage. — Several experiments have 
been conducted recently to compare the 60-per-cent-protein grade of 
digester tankage with meat scraps as the supplement for pigs. These 
trials have shown that although there is less protein in the usual grade 
of meat scraps (which contains about 50 per cent protein), such meat 
scraps arc worth fully as much or slightly more for swine feeding than 
digester tankage having 60 per cent protein. Meat scraps containing 
55 per cent protein are worth correspondingly more than the product 
containing 50 per cent protein, and meat scraps having 60 per cent 
protein are still more valuable. 

In 14 recent experiments pigs on pasture fed meat scraps of 50 to 
55-per-cent-protein grade as the supplement to corn gained 1.61 lbs. 
per head daily, in comparison with 1.56 lbs. for others fed digester 
tankage of the 60-per-cent-protein grade as the supplement to corn.®® 
The pigs fed meat scraps required 3.8 lbs. less corn but 0.5 lb. more 
supplement per 100 lbs. gain. In these trials 100 lbs. of meat scraps 
were equal in value to 98.0 lbs. digester tankage plus 15.0 lbs. com. 
With corn at $20 and digester tankage at $60 a ton, this would give 
meat scraps a value of $61.80 per ton, without considering the difference 
in rate of gain. 

In experiments where meat scraps and digester tankage have been 
compared as the supplement to corn or other grain for pigs not on 
pasture, meat scraps have likewise been superior to high-grade digester 
tankage.^®® 

1367. Important points in feeding tankage.— On account of their 
richness in protein, ordinarily tankage and meat scraps sell at a much 
higher price per ton than the grains or than other protein supplements 
which contain less protein. To avoid wasting these rich feeds it is 
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important to know just how much tankage or meat scraps is required to 
balance a ration. 

The example rations given in Appendix Table VII show the amounts 
of these supplements needed in different combinations of feeds for 
various classes of swine. The .amount required to balance other rations 
can readily be found by computing rations that are balanced according 
to the Morrison feeding standards, which are given in Appendix 
Table III. 

It has been pointed out previously that pigs self-fed corn and tank- 
age, free-choice, in separate compartments of a self-feeder usually eat 
about the correct proportions of these feeds to make a well-balanced 
ration, no matter whether they are in dry lot or on pasture. i(1284) Due 
to the convenience of this method of feeding and the saving of labor, it 
has become very popular throughout the corn belt. Though good results 
are commonly secured when com and tankage are thus self-fed, free- 
choice, occasionally the pigs either overeat on tankage, or else they fail 
to take enough to balance their ration properly. In such cases it may 
be necessary ho discontinue free-choice feeding and either self -feed them 
a mixture of ground corn and tankage in the proper proportions, or else 
self-feed the shelled com and hand-feed the tankage. 

When pigs are self-fed such combinations as barley and tankage or 
wheat and tankage, free-choice, they frequently overeat on tankage to 
such an extent as to increase the cost of the gains materially. Free- 
choice feeding of such combinations is not, therefore, to be recommended 
generally. Instead, a mixture of the proper proportions of ground grain 
and tankage should be fed, or the grain may be self-fed and the neces- 
sary amount of tankage hand-fed twice daily. 

When pigs are hand-fed their rations, it makes no difference whether 
the tankage is mixed with the other feed in suitable proportions or 
whether the proper amount to balance the ration is fed separately. 
There is no advantage in feeding the tankage in the form of a slop or 
in soaking it. 

1358. Fish meal. — Numerous experiments have shown that fish 
meal of good quality is even superior to tankage or meat scraps as a 
protein supplement for swine. (^4-636) When fish meal of good qual- 
ity is properly used, it does not produce any fishy fiavor in pork. If 
considerably more fish meal is fed than is needed to balance the ration, 
it may injure the flavor of pork, especially if the fish meal is higher 
than normal in fat content. Only a few comparisons have yet been made 
of the relative values of the different kinds of fish meal, but they are 
all apparently very satisfactory when made from raw material of suit- 
able quality for stock feeding. 

In 18 experiments fish meal was compared with high-grade digester 
tankage as the only protein supplement for pigs averaging 76, lbs. in 
weight at the start, which were not on pasture.^®^ The pigs fed fish 
meal in these trials gained 1.68 lbs. per head daily, on the average, 
and required 349 lbs. com and 35 lbs. fish meal per 100 lbs. gain. Those 
fed tankage gained 1.46 lbs. a day and required 381 lbs. corn and 37 lbs. 
tankage per 100 lbs. gain. In these trials each 100 lbs. of fish meal was 
equal in value to 106 lbs. digester tankage plus 91 lbs. com, without 
considering the advantage of the more rapid gains. 
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Fish meal has also been superior to digester tankage when fed as 
the only supplement to corn for pigs on pasture, but the difference in 
value of the two supplements has not been so great as for pigs in dry 
lot. In 5 experiments with pigs on pasture the average daily gain 
has been 1.55 lbs. on fish meal and com, in comparison with 1.47 lbs. 
on tankage and corn.^^^ triah each 100 lbs. of fish meal has 

been equal in value to 107 lbs. tankage plus 25 lbs. com. 

As has been stated previously, fish meal dried in a partial vacuum 
is of higher nutritive value than flame-dried fish meal made from the 
same material. Because of the lower temperature during the process, 
the vacuum-dried product will contain more vitamin A and vitamin D, 
and also the protein will be more digestible. However, vacuum drying 
will not make a good fish meal from unsuitable raw material. 

Though fish meal of good quality is worth more than tankage for 
swine feeding, occasionally fish meal produces unsatisfactory results. 
Thus, as has been mentioned previously, on two different occasions in 
New York experiments on fish meals, pigs fed vacuum-dried white fish 
meal of supposedly excellent quality failed to thrive, while similar pigs 
fed other supplements made excellent gains. (635) Likewise, very unsat- 
isfactory results were secured with fish meal as a supplement to com in 
one New Jersey trial.^°^ 

Unless one is sure that the fish meal he is using contains an ade- 
quate supply of vitamin A and vitamin D, it is best to add alfalfa or 
other legume hay to a ration of grain and fish meal for swine not on 
pasture, especially during the winter for young pigs and for brood 
sows. (1298) An excellent combination for growing and fattening pigs 
not on pasture is a trio supplemental mixture of 50 lbs. fish meal, 25 lbs. 
linseed meal or cottonseed meal, and 25 lbs. chopped or ground legume 
hay. 

In 6 comparisons with fall pigs fed during the winter at the New 
York (Cornell) Station, a fish meal trio mixture (consisting of menhaden 
fish meal, linseed meal, and ground alfalfa hay) was compared with 
the trio mixture made up of digester tankage, linseed meal, and alfalfa 
hay.^®^ In 3 comparisons the trio mixture was self-fed, free-choice, as 
the supplement to yellow shelled corn, also self-fed. In the 3 other 
comparisons a mixture of ground com and the proper proportion of the 
trio mixture was self-fed. On the average, the pigs fed the fish meal 
trio mixture gained 0.06 lb. more per head daily than those fed the 
tankage trio mixture, but there was no appreciable difference in the 
amount of feed required per 100 lbs. gain on the two supplemental 
mixtures. When fed in this highly efficient combination, menhaden 
fish meal was worth only 9 per cent more a ton than digester tankage. 
A fish meal trio supplemental mixture was likewise slightly superior 
to the tankage trio mixture for pigs in dry lot in 2 experiments at the 
West Virginia Station.^®® 

It is of interest to note that in the New York trials there was 
practically no difference in the rate of gain by the pigs self-fed shelled 
corn and the trio mixtures, free-choice, and those self-fed the mixtures 
of ground com and supplements. The average feed cost per 100 lbs. 
gain was, however, 35 cents less for the pigs self-fed shelled com and 
the trio mdxtures separately, free-choice. 
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In experiments during 4 years at the New York (Cornell) Station a 
mixture of one-half menhaden fish meal and one-half linseed meal waa 
compared with a combination of one-half digester tankage and one-half 
linseed meal for self-feeding free-choice as the supplement to shelled 
com, also self-fed, for pigs on pasture.^®^ Also, each year another lot 
was self -fed menhaden fish meal as the only protein supplement to corn 
for similar pigs. The pigs fed either menhaden fish meal as the only 
supplement or the combination of fish meal and linseed meal gained 0.1 
lb. more per head daily than those fed the combination of tankage and 
linseed meal and also required 21 lbs. less feed per 100 lbs. gain. This 
difference in feed requirement per 100 lbs. gain gave menhaden fish 
meal a decidedly higher value per ton than tankage. 

In these trials the results were practically the same on menhaden 
fish meal fed as the only protein supplement and on the mixture of fish 
meal and linseed meal. Vacuum-dried white fish meal was also tested in 
each of these New York trials, both on pasture and during the winter in 
dry lot. Except for the two occasions, previously mentioned, in which this 
fish meal produced unsatisfactory results, it was even superior to men- 
haden fish meal in value. 

1389. Wheat standard middlings; brown shorts. — Wheat standard 
middlings and brown shorts rank among the most popular feeds for all 
classes of swine. (843) These wheat by-products produce excellent 
results when fed in combination with such protein supplements as dairy 
by-products, tankage, or fish meal, which furnish protein that makes 
good the deficiencies in the proteins of the cereal grains. 

Standard middlings and brown shorts are similar in composition 
and about equal in feeding value. Standard middlings are slightly 
higher than brown shorts in fiber, but this is more than offset by the 
fact that they contain 0.8 per cent more fat. Therefore standard mid- 
dlings furnish a slightly larger amount of total digestible nutrients. 
Both of these feeds are high in phosphorus, but they are low in, cal- 
cium. They also lack vitamin A and vitamin D, which facts, as well 
as the incomplete nature of their proteins, must be borne' in mind in 
using them efficiently. Since standard middlings and shorts "contain 
only 14.4 to 15.1 per cent digestible protein, a much larger proportion 
is needed to balance a ration than in the case of either tankage or fish 
meal. 

Standard middlings or brown shorts should not be used as the only 
supplement to grain for young pigs or breeding swine that are not on 
pasture. (1282) On such a ration the results will generally be unsatis- 
factory, due to the poor quality of protein, the lack of calcium, and the 
deficiency of vitamins. 

In the fattening of well-grown pigs, middlings or shorts will pro- 
duce fair results as the only protein supplement to the grains, if a 
calcium supplement is provided. However, more rapid gains and gen- 
erally much cheaper gains will be secured when a more efficient ration 
is used. This is sho'^ by 6 trials in which pigs that averaged 119 
lbs. in weight were fattened on either middlings and corn or tankage 
and corn, without pasture.^®® The pigs fed middlings and corn gained 
1133 lbs. per head daily and required 201 lbs. middlings and 266 lbs. corn 
per 100 lbs. gain. Those fed tankage and corn gained one-quarter 
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pound more a day and consumed 42 lbs. tankage and 376 lbs. com per 
100 lbs. gain. 

In these trials each 100 lbs. of middlings replaced 21 lbs, tankage 
plus 55 lbs. corn, considering only the feed required per 100 lbs. gain 
and not taking into account the slower gains on middlings. Because 
of the difference in rate of gain, middlings were worth somewhat less 
per ton than com in these trials. If the pigs had not been well-grown 
when placed on the ration of corn and middlings, the results would 
have been very poor.^°^ 

Even for pigs not on pasture which are fed alfalfa hay in addition 
to grain, middlings are not very eflScient as the protein supplement, in 
comparison with tankage. In 3 Nebraska and Ohio tests pigs fed mid- 
dlings, alfalfa hay, and corn gained only 0.91 lb. a day, while others 
fed com and tankage, with or without alfalfa hay, gained 1.30 Ibs.^®® 

Middlings give better results when used as the only supplement 
to grain for pigs on good pasture than in dry lot feeding. In 4 Ohio 
and Wisconsin experiments pigs self-fed middlings and corn, free-choice, 
on good pasture gained 1.21 lbs. per head daily, in comparison with 1.32 
lbs. for other pigs self-fed tankage as the supplement to corn.^°® If the 
slower gain on middlings is not taken into consideration, middlings were 
worth 75 per cent more per ton than corn in these tests. Better results 
are secured when corn and middlings are self -fed separately, free-choice, 
to pigs on pasture than when such a mixture as one-half middlings and 
one-half corn is fed.^^® 

Occasionally, middlings are considerably lower in price per ton 
than corn or other grain. They may then be used as a substitute for 
corn or other grain, but as they are a less concentrated feed than corn, 
they produce less rapid gains and are worth only about 85 per cent as 
much as com for fattening pigs. In 3 Iowa and Wisconsin experiments 
pigs self-fed standard middlings as the only feed on rape pasture gained 
only 0.82 lb. per head daily.^^^ Others self-fed com and tankage gained 
1.31 lbs. and required considerably less feed per 100 lbs. gain. Mid- 
dlings are more satisfactory as the only feed for pigs that are being 
fed a limited ration on pasture than for those that are being fattened.^^^ 
They are very inefficient as the only feed for young pigs not on pasture. 

1360. Adding middlings to grain and tankage. — Middlings have a 
higher value when added to such a ration as grain and either tankage 
or dairy by-products than when fed as the only protein supplement 
to grain for pigs not on pasture. This is shown clearly by the results 
of 11 trials with pigs averaging 63 lbs. in weight at the start.^^® Pigs 
fed about 1 lb. per head daily of middlings in addition to corn and 
tankage gained 0.07 lb. more a day than others fed only corn and tank- 
age. In these trials each 100 lbs. of middlings replaced 72 lbs. of com 
plus 9 lbs. of tankage. With com at $20 and tankage at $60 a ton this 
would make the middlings worth just about as much as corn per ton. 
Better results would have undoubtedly been secured in these trials if 
legume hay had been added to both rations. 

In 9 trials with well-grown pigs averaging 140 lbs. in weight at the 
start, the addition of middlings to a fattening ration of corn and tankage 
increased the daily gain 0.15 Ib.^^^ Each 100 lbs. of middlings replaced 
108 lbs. of com plus 11 lbs. of tankage in these trials. For these older 
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pigs the addition of middlings was therefore of slightly greater benefit 
than for the younger ones. 

The addition of middlings or shorts to a ration of com, tankage, 
and alfalfa hay for pigs not on pasture does not generally increase the 
rate of gain. In 3 experiments each 100 lbs. of shorts added to this 
ration has equalled 114 lbs. of corn in value.^^® 

Unless middlings are much cheaper than com, it does not pay to 
add them to a ration of com and tankage for growing and fattening 
pigs on pasture. In 6 experiments the addition of middlings to this 
ration has increased the daily gain 0.08 lb., on the average, but each 
100 lbs. of middlings has replaced only 66 lbs. corn plus 4 lbs. tankage.^^® 

1361. Wheat flour middlings; gray shorts. — Wheat flour middlings 
and gray shorts are preferred to standard middlings and brown shorts 
for young pigs, because of their lower fiber content. (543) In 2 Minne- 
sota trials with pigs on pasture flour middlings were compared with 
standard middlings when forming 30 per cent of the ration until the 
pigs reached a weight of 100 lbs., and 23 per cent after that time.“^ 
In these t(fests flour middlings were worth 18 per cent more than standard 
middlings. In a similar Ohio trial with pigs in dry lot flour middlings 
were worth 12 per cent more than standard middlings.^^® 

1362. Wheat red dog flour; white shorts. — Wheat red dog flour 
and white shorts qre excellent feeds for young pigs, as they are palatable, 
highly digestible, and contain but little fiber. (644) In Minnesota tests 
wheat red dog flour was worth no more than flour middlings when form- 
ing part of the ration for pigs weighing 66 to 77 lbs. at the start.^^^ In 
South Carolina tests wheat red dog flour was worth 21 per cent more 
than standard middlings when fed with com and tankage to young 
pigs.^^® 

1363. Wheat bran; wheat mixed feed. — Wheat bran and wheat 
mixed feed are too bulky to be very useful for growing and fattening 
pigs, middlings being worth much more.^^® (542, 646) These feeds are 
satisfactory as part of the ration for brood sows, and are especially 
useful, because of their bulk and their laxative effect, when no legume 
hay is available for the sows. It is an excellent plan to include one- 
third by weight of wheat bran in the rations for brood sows shortly 
before farrowing and for a few days afterward. 

1364. Linseed meal. — Linseed meal is an excellent protein supple- 
ment for swine when it is fed in combination with such animal by- 
products as tankage, fish meal or skimmilk. Thus, it forms part of the 
well-known trio supplemental mixture, or Wisconsin mixture, developed 
by the author and associates at the Wisconsin Station. (1341) This 
mixture consists of 50 lbs. tankage or fish meal, 25 lbs. linseed meal, 
and 25 lbs. ground or chopped alfalfa hay or other legume hay. As 
has been shown previously, this combination is one of the most efficient 
supplemental mixtures that has been developed for growing or fatten- 
ing pigs which are not on pasture. 

The experiments reviewed before have proved that for pigs which 
are on pasture a mixture of 50 lbs. linseed meal and 50 lbs. tankage 
is highly efficient for self-feeding, free-choice, as a supplement to com, 
also self -fed. (1346) Thus fed, this combination produces a trifle more 
rapid and economical gains than when tankage is used as the only supple- 



FEEDS FOR SWINE 


883 


merit. This combination of only linseed meal and tankage is also very 
satisfactory for pigs not on pasture, if they are supplied with choice 
legume hay in a rack to provide the vitamins that linseed meal and 
tankage both lack.^^® Where possible, it is best, however, to include 
ground or chopped legume hay in the sui^plemental mixture so as to 
be sure that the pigs will eat a sufficient amount of the hay to provide 
ample amounts of vitamins. The proportions of the feeds in these 
supplemental mixtures may be varied somewhat, if one desires, but the 
author prefers the proportions here stated. 

Because of its laxative effect, linseed meal is an excellent protein 
supplement for brood sows, if fed in combination with supplements of 
animal origin and with legume hay or pasture to provide vitamins and 
calcium. 

If used as the only protein supplement in swine feeding, linseed 
meal is much less efficient than tankage, fish meal, or dairy by-products. 
When thus fed to swine, the proteins in linseed meal do not effectively 
make good the deficiencies of the proteins in the cereal grains. ( 1282 ) 
Linseed meal is particularly inefficient when fed as the only supple- 
ment to grain for pigs not on pasture. Not only is the quality of 
protein unsatisfactory, but also the ration is low in calcium and it lacks 
vitamin D. (Vitamin A is also deficient unless the grain is yellow 
corn.) If fed for a long period of time, such a ration is apt to produce 
rickets or other serious nutritional trouble. 

Even if a calcium supplement is provided to correct the lack of 
this mineral in linseed meal and grain, this ration is decidedly unsat- 
isfactory for young pigs not on pasture. This is shown by the results 
of 5 experiments in which the pigs averaged 57 lbs. in weight at the 
beginning of the trials.^^^ Pigs fed corn and linseed meal, with a cal- 
cium supplement in addition, gained only 1.08 lbs. per head daily and 
required 409 lbs. com and 50 lbs. linseed meal per 100 lbs. gain. Others 
fed corn and tankage gained 1.37 lbs. a day, and required only 359 lbs. 
corn and 33 lbs. tankage per 100 lbs. gain. In these trials 100 lbs. of 
linseed meal was worth only as much as 66 lbs. tankage minus 100 lbs. 
corn. With corn at $20 and tankage at $60 per ton, this would give 
linseed meal, fed in this improper manner, a value of only $19.60 per ton. 

For well-grovm, thrifty pigs weighing more than 100 lbs. at the 
start, the results from using linseed meal as the only supplement to 
grain for dry-lot feeding are not quite so unsatisfactory. However, 
it is much more economical to use a more efficient protein supplement.' 
For example, in 14 trials with well-grown pigs averaging 117 lbs. in 
weight at the beginning, the daily gain on a ration of com and linseed 
meal was 1.35 lbs. in comparison with 1.51 lbs. on a ration of corn and 
tankage ."22 com and tankage at the prices stated previously, 

linseed meal was worth about $28 a ton, not taking into consideration 
the difference in rate of gain on the two rations. 

Where no animal by-products, like tankage, fish meal, or dairy by- 
products, are available to feed with linseed meal and grain to pigs not 
on pasture, much better results will generally be secured if legume hay 
is added to the ration, even when the grain is yellow com. For example, 
in 4 trials pigs which ate 0.3 lb. alfalfa hay per head daily in addition 
to com and linseed meal gained 0.34 lb. more daily than others receiving 



884 


FEEDS AND FEEDING 


no alfalfa hay.^^^ In these trials each 100 lbs. of hay actually saved 
an average of 65 lbs. of linseed meal and 467 lbs. corn, in comparison 
with the inefficient ration of only corn and linseed meal. 

In the case of young pigs, however, the gains will be much less 
rapid on a ration of corn, linseed meal, and alfalfa hay than when 
tankage or some other animal by-product is included in the ration. Thus, 
in a Kansas test 70-lb. pigs gained only 0.96 lb. a day on the former 
ration, while similar pigs receiving corn, tankage, and alfalfa hay gained 
1.63 lbs.^2^ 

Linseed meal produces fairly satisfactory results when fed as the 
only protein supplement to growing and fattening pigs on good pas- 
ture, but the gains are less rapid than when a more efficient supplement 
is used. In 9 experiments 59-lb. pigs fed corn and linseed meal on 
alfalfa pasture or rape pasture gained 1.29 lbs. per head daily, while 
others fed corn and tankage gained 1.34 Ibs.^^^ With corn and tank- 
age at the prices given previously, linseed meal was worth about $34 
per ton in these trials. 

1365. Cottonseed meal. — Recent investigations have proved that 
excellent results are secured under certain conditions when cottonseed 
meal is used as part of the protein supplements in swine feeding, both 
for growing and fattening pigs and for brood sows. These investiga- 
tions, especially experiments at the Ohio and Texas Stations, have 
shown that the ration should not contain more than about 9 or 10 per 
cent of cottonseed meal and that it should provide protein of good qual- 
ity and plenty of vitamins and calcium.^^® (581-584) 

When cottonseed meal is properly fed in a suitable combination, 
not only docs the ration produce excellent gains on growing and fatten- 
ing pigs, but also cottonseed meal has a much moro pronounced harden- 
ing effect on the carcass than does either tankage or fish meal when fed 
as the only supplement to corn or other grain.^^^ 

The numerous experiments that have been conducted have shown 
clearly that when too much cottonseed meal is fed, disaster may result 
from the effect of gossypol contained in the cottonseed meal, even when 
other feeds in the ration supply an abundance of vitamin A and also 
ample calcium. The condition in swine feeding is thus much different 
than with cattle, for cattle may safely be fed large amounts of cotton- 
seed meal, if care is taken to provide an abundance of vitamins and an 
ample supply of calcium. 

Cottonseed meal may vary considerably in the amount of gossypol 
it contains, depending on the amount present in the cottonseed before 
it is processed and also depending on the temperature reached in the 
process of manufacture. (582) This fact accounts for the great differ- 
ence in the results that have been secured when cottonseed meal has 
been used as the only protein supplement for swine. In some eases no 
injury has resulted when it has been thus fed, especially when the pigs 
have been on pasture or when they have been well grown when the 
feeding of cottonseed meal was begun. However, in other tests the pigs 
have been injured or even killed by the effects of gossypol when cotton- 
seed meal has been used as the only supplement, even though there has 
been no lack of vitamins or minerals in the ration. 

A combination of one-half to two-thirds cottonseed meal and the 
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remainder tankage, meat scraps, or fish meal is an excellent supplement 
to the cereal grains for pigs or brood sows that are on pasture. When 
no more of such a mixture is fed than is needed to balance the ration, 
the proportion of cottonseed meal is kept within limits that are safe, 
and the animal by-products make good the deficiencies in the quality of 
the proteins in the grains and in such supplements as cottonseed meal, 
linseed meal, and the wheat by-products. 

Unless the mixture contains at least one-half tankage or fish meal, 
a calcium supplement should be fed, since cottonseed meal is low in this 
mineral. For swine that are not on pasture, some legume hay should be 
added to a ration of grain, cottonseed meal, and tankage or fish meal, in 
order to provide an abundant supply of vitamins. This is especially 
necessary when little or no yellow corn is fed. It is also particularly 
advantageous for young pigs and for brood sows during winter in the 
northern states, where the winter sunlight cannot be depended upon to 
protect swine against rickets. (191) 

When cottonseed meal is fed in combination with such a protein 
supplement as tankage or fish meal, not only is the amount of cottonseed 
meal reduced that is needed to balance the ration, but also these other 
supplements seem to have a specific effect in preventing any injury from 
the cottonseed meal. Robison of the Ohio Station has suggested that this 
may be due to the gossypol in the cottonseed meal combining with the 
proteins of tankage, fish meal, or similar feeds in the digestive tract, to 
form an insoluble, and therefore harmless, compound.^^® 

As has been stated previously, by special heating of dampened cot- 
tonseed meal under steam pressure, the gossypol can be destroyed so 
completely that the product can be safely fed to swine in much larger 
amounts than would otherwise be safe. (582) Feeding a solution of 
iron salts with cottonseed meal also tends to prevent injury from the 
meal when large amounts are fed, but may not always avoid trouble. 

1366. Value of cottonseed meal -in efficient combinations. — The 
excellent results that are secured when cottonseed meal is fed in com- 
bination with tankage to supplement grain for growing and fattening 
pigs are shown by 10 experiments with pigs in dry lot and 15 with pigs 
on pasture.^^® In these trials the pigs averaged 73 lbs. in weight at the 
start and were usually fed to market weights of 200 lbs. or more. Both 
in the trials in dry iot and in those on pasture, the gain was a trifle 
more rapid on the combination of cottonseed meal and tankage as the 
supplement to corn than when tankage was fed as the only supple- 
ment. For the 25 comparisons, the average daily gain was 1.52 lbs. for 
the pigs fed the combination of supplements and 1.44 lbs. for those fed 
tankage. In these experiments 100 lbs. of cottonseed meal were equal 
in value to 65 lbs. of corn plus 43 lbs. of tankage. With corn at $20 
and tankage at $60 a ton, this would give cottonseed meal a value of 
$38.80 a ton, without placing any valuation on the slight increase in rate 
of gain on the combined supplements. 

In 13 similar experiments pigs in dry lot fed a combination of 
cottonseed meal and fish meal as the supplement to com gained an aver- 
age of 1.45 lbs., while others fed fish meal as the only supplement gained 
1.57 lbs."®® Each 100 lbs. of cottonseed meal saved 89 lbs. of com plus 
34 lbs. of fish meal in these trials, without taking into consideration the 
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more rapid gains on the cottonseed meal combination. With com at $20 
and fish meal at $60 a ton, this would give cottonseed meal a value of 
$38.20 per ton, merely from the amount of feed saved. 

In feeding a combination of cottonseed meal and either tankage or 
fish meal, it is safest not to use more than one-half or two-thirds of 
cottonseed meal in the mixture. Combinations of three-fourths cotton- 
seed meal and one-fourth fish meal have been satisfactory in North 
Carolina tests.^®^ However, in the case of young pigs not on pasture, 
the amount of cottonseed meal in such a mixture may be a little too 
high for safety under all conditions. 

Experiments have shown that a combination of cottonseed meal and 
tankage or meat scraps is generally slightly superior, as a supplement 
for com or other grain, to a similar combination of linseed meal and 
tankage or meat scraps. This is true both for pigs on pasture and for 
pigs in dry lot.^®* For pigs not on pasture it is best to add legume hay 
to such rations, in order to provide an abundance of vitamins A and D. 

Cottonseed meal is a satisfactory substitute for linseed meal in the 
trio supplemental mixture for pigs not on pasture, which consists of 
50 lbs. tankage or meat scraps, 25 lbs. linseed meal, and 25 lbs. chopped 
or ground legume hay. (1341) However, in 10 experiments in which 
the cottonseed trio mixture has been directly compared with the linseed 
meal trio mixture for young pigs in dry lot the results have been 
slightly better on the latter.^^® On the average, the pigs fed corn and 
the linseed trio mixture gained 1.42 lbs. per head daily and required a 
total of 384 lbs. feed per 100 lbs gain. Those fed com and the cotton- 
seed meal mixture gained 1.34 lbs. a day and required a total of 392 lbs. 
feed per 100 lbs. gain. With com at $20, tankage at $60, ground alfalfa 
hay at $20, and linseed meal at $40 per ton, cottonseed meal was worth 
only $28 a ton, on the average, in these experiments. 

It should be pointed out that although the difference in amount of 
feed required per 100 lbs. gain on the two rations was relatively small, 
this difference was the result of substituting only a small amount of 
cottonseed meal for a similar amount of linseed meal. Therefore the 
difference in value per ton of these feeds was considerable. 

1367. Soybeans. — Because of the great increase in the production 
of soybeans in the com belt during the past few years, there has been 
widespread interest in the use of soybeans as a home-grown supplement 
for swine feeding. The numerous experiments that have been conducted 
to study the use of soybeans for pork production have shown that they 
have very definite limitations for this purpose. 

First of all, if growing and fattening pigs are fed soybeans as the 
only protein supplement and a sufficient amount of the soybeans is fed 
to balance the ration, the carcasses are apt to be soft and therefore 
undesirable from the market standpoint. It is shown in the previous 
chapter that the tendency for the carcasses to be soft is lessened (but 
not always entirely prevented) if pigs in dry lot weigh at least 125 lbs. 
and pigs on pasture at least 75 lbs. before soybean feeding is begun. 
( 1322 ) No greater amount of soybeans should be fed than is needed 
to balance the ration. If the ration does not contain more than about 
10 per cent of soybeans, satisfactory carcasses will usually be produced 
under these conditions. 
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In addition to the fact that soybeans produce soft pork unless thus 
fed, there is the further limitation that uncooked soybeans are not util- 
ized so well by swine, especially by young pigs, as are soybean oil meal 
and cooked soybeans. (160, 694) Cooked soybeans and soybean oil meal 
that has been well cooked in the manufacturing process produce excellent 
gains when fed as the only protein supplement, even to young pigs. On 
the other hand, if raw soybeans are fed to young pigs as the only pro- 
tein supplement, the gains are decidedly inferior to those produced by 
tankage, fish meal, or dairy by-products. Also, in an Indiana test raw 
soybeans were not so satisfactory as tankage or cooked soybeans as the 
protein supplement for brood sows and their litters.^®^ On the other 
hand, good results were secured in an Illinois trial when raw soybeans 
were used as the only protein supplement to com for brood sows during 
the winter, both before and after farrowing.^®® 

Because of these limitations to the use of soybeans, it is wise for 
soybean growers to exchange soybeans for soybean oil meal for use in 
swine feeding, if a ton of the soybean oil meal can be secured for not 
much more than a ton of soybeans. Raw soybeans can be used satis- 
factorily as the protein supplement for sows prior to farrowing and 
also for well-grown fattening pigs. Care should be taken not to feed 
pregnant sows a much greater amount of soybeans than is needed to 
balance the ration, for there have been reports that sows have produced 
unsatisfactory litters when grazed on mature soybeans, without much 
other feed. 

In using soybeans as a protein supplement in swine feeding, it 
should be borne in mind that they are low in calcium and that they 
contain much less phosphorus than tankage, fish meal, or skimmilk. A 
mineral mixture supplying these minerals should therefore be provided, 
even for pigs on good pasture. Also, in the case of young pigs not on 
pasture, legume hay should be included in the ration in order to supply 
ample amounts of vitamins A and D. For very young pigs, however, 
a ration of corn, raw soybeans, alfalfa hay, and a mineral mixture is 
much less satisfactory than a ration that includes some animal by- 
product.^^® There is no need of grinding soybeans for swine.^^ 

The unsatisfactory results that are produced when young pigs not 
on pasture are fed com and raw soybeans, even with a mineral supple- 
ment furnishing calcium and phosphorus, are shown by 6 Ohio trials.^^® 
In these experiments pigs averaging 49 lbs. in weight at the start gained 
only 0.74 lb. per head daily on this ration, in comparison with 1.06 lbs. 
for similar pigs fed com and tankage. In some of the trials it was 
necessary to add ground alfalfa hay to the ration to save the pigs from 
disaster because of the lack of vitamins. 

In the case of pigs on good pasture which weigh 60 to 75 lbs. at 
the start, or of pigs not on pasture which weigh 100 to 125 lbs. or more, 
satisfactory gains are produced on a ration of corn, soybeans, and a 
mineral supplement supplying calcium and phosphorus. Thus, in 9 
experiments pigs averaging 110 lbs. in weight at the start gained 1.53 
lbs. per head daily on this ration, and required 349 lbs. corn, 58 lbs. 
soybeans, and 6 lbs. mineral mixture per 100 lbs. gain.^*® Similar pigs 
fed com and tankage gained 1.75 lbs., and required 361 lbs. com, 31 lbs. 
tankage, and 3 lbs. minerals per 100 lbs. gain. In these trials 100 lbs. 
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of soybeans and 5 lbs. of mineral mixture replaced 2Z lbs. of com plus 
54 lbs. of tankage, not taking into consideration the difference in rate 
of gain or any softening effect of soybeans on the carcasses. 

When soybeans have been fed without a suitable mineral supple- 
ment, the results have been considerably poorer, even in the case of 
well-grown pigs.^^® 

Except for the danger of producing soft pork, the results are satis- 
factory when pigs weighing 60 lbs. or over which are on good pasture 
are self-fed or hand-fed soybeans and a calcium and phosphorus supple- 
ment, with a full feed of corn. In 17 trials pigs averaging 64 lbs. in 
weight at the start gained an average of 1.37 lbs. per head daily on this 
ration and required 337 lbs. com, 32 lbs. soybeans, and 5 lbs. mineral 
mixture per 100 lbs. gain.^^^ Similar pigs that were fed com, tankage, 
and the mineral supplement gained 1.49 lbs. daily and consumed 341 lbs. 
com, 23 lbs. tankage, and 2 lbs. mineral mixture per 100 lbs. gain. In 
these trials, 100 lbs. of soybeans and 10 lbs. mineral mixture replaced 
13 lbs. of com and 73 lbs. of tankage, not considering the difference in 
rate of gain on the two rations, and the danger of producing soft pork 
on thfe soybean ration. For pigs on good pasture which are older at 
the start, soybeans produce better results than with young pigs, and 
there is less danger of softening the carcasses. 

Soybeans that have been thoroughly roasted or otherwise cooked 
have produced excellent gains when fed with corn and a calcium and 
phosphorus supplement, even to pigs not on pasture. However, cook- 
ing the soybeans does not prevent the softening effect on the carcass. 
Also, roasted soybeans are so palatable to pigs that when the soybeans 
are self -fed, the pigs will eat much greater amounts than are needed to 
balance the ration. If a mixture of shelled corn and the proper propor- 
tion of roasted soybeans is fed, the pigs will sort out the soybeans from 
the corn. Therefore it is necessary to hand-feed the roasted soybeans, 
or to self-feed a mixture of suitable amounts of ground com and ground 
soybeans. 

Various types of special equipment for roasting soybeans have been 
developed. Soybeans may also be cooked satisfactorily by boiling them 
in water for a sufficient length of time. 

The tendency to produce soft pork is greatly lessened if pigs are 
self -fed a combination of soybeans and a non-softening supplement, such 
as tankage or fish meal. Even in such a combination, however, raw 
soybeans are apt to produce a trifle less rapid gains than when tankage 
or fish meal is used as the only supplement. For example, in 5 tests 
pigs averaging 50 lbs. in weight which were fed corn, soybeans, tankage, 
and a mineral mixture on alfalfa or rape pasture gained 1.12 lbs. per 
head daily, in comparison with 1.22 lbs. for pigs fed tankage in place 
of the combination of soybeans and tankage.^^® In these trials the value 
of the soybeans was very low, with com and tankage at usual prices. 

, 1368. Soybean oil meal. — Soybean oil meal that has been heated 
siflHciently in the process of manufacture is an excellent protein supple- 
ment to the cerjeal grains for swine feeding, both for growings and fat- 
tening pigs and for breeding swine. Except for young pigs up to a 
weight of 50 to 75 lbs., it is very satisfactory as the only protein supple- 
ment, if a mineral supplement is supplied to furnish additional calcium 
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and phosphorus. For swine not on pasture, legume hay should be 
included in the ration to supply vitamins A and D. 

Young pigs will do fairly well on a ration of grain, soybean oil 
meal, a suitable mineral mixture, and either pasture or legume hay. 
However, still better results will generally be secured when a small 
amount of some protein supplement of animal origin (such as tankage, 
fish meal, or dairy by-products) is included in the ration until the pigs 
reach a weight of 50 to 75 lbs. The advantage of this addition is more 
marked in the case of pigs in dry lot than in the case of those on pasture. 

The following table shows the excellent results that are secured 
when well-cooked soybean oil meal and a mineral mixture are fed as the 
only supplements to com for pigs on good pasture which weigh more 
than 50 lbs. at the start. This table summarizes the results of 8 experi- 
ments in each of which one lot of pigs on pasture was fed com supple- 
mented by soybean oil meal, while another lot was fed com and tank^ 
age.^^^ A mineral mixture supplying calcium and phosphorus was pro- 
vided for all the pigs. This was much more necessary for the pigs fed 
soybean oil meal than for those fed tankage, as has been shown previ- 
ously. (1290) 

Soybean oil meal vs. tankage as a supplement to corn 

Feed for 100 lbs. gain 
Protein 


Average ration 

Daily 

gain 

Lbs. 

Corn 

Lbs. 

siipple- 

nuMit 

Lbs. 

Mineral 

mixture 

Lbs. 

Lot 1. Soybean oil meal and minerals 
Soybean oil meal, 0,75 Ib. 

Mineral mixture, 0,04 lb. 

Corn, 4,7 lbs 

1.55 

305 

48 

2.6 

Lot II. Tankage and minerals 

Tankage, 0.37 lb. 

Mineral mixture, 0.02 lb. 

Corn, 4.9 lbs 

1.52 

320 

24 

1.3 


The pigs fed soybean oil meal and a mineral mixture as the supple- 
ments to corn gained fully as rapidly as those fed tankage in these trials, 
and they also made very economical gains. On the average 100 lbs. of 
soybean oil meal was equal in value to 50 lbs. of tankage plus 31 lbs. 
corn and minus 3 lbs. of mineral mixture. With corn at $20, tankage 
at $60, and mineral mixture at $40 a ton, this would give soybean oil 
meal a value of $35 a ton. 

In 16 similar experiments with pigs not on pasture the average 
daily gain has been 1.28 lbs. on the soybean oil meal ration and 1.35 lbs. 
on the tankage ration.^^^ To prevent poor results from a deficiency of 
vitamins it was necessary to add a small amount of alfalfa hay to both 
rations in certain of the tests. On the average, the value of soybean 
oil meal in comparison with tankage was even higher in these dry-lot 
tests than in the trials with pigs on pasture. If the difference in rate 
of gain is not considered, 100 lbs. of soybean oil meal were equal to 71 
lbs. of tankage plus 36 lbs. of corn and minus 9 lbs. of mineral mixture. 

Soybean oil meal has a great advantage over soybeans as a supple- 
ment for fattening pigs because it does not tend to produce soft pork 
when fed in any ordinary amount. Also, well-cooked soybean oil meal 
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is decidedly superior to raw soybeans for young pigs, either in dry lot 
or on pasture. For pigs on pasture that have reached a weight of 60 
lbs. or more and for pigs over 100 lbs. in weight that are not on pasture, 
there is not so much difference in the value of these supplements, except 
for the effect of soybeans on the carcass. 

In 4 experiments pigs averaging 62 lbs. in weight, which were on 
alfalfa or rape pasture, gained 1.55 lbs. per head daily when self-fed, 
free-choice, on shelled corn, soybean oil meal, and a mineral mixture 
supplying calcium and phosphorus.^^® Others fed raw soybeans in place 
of the soybean oil meal gained 1.41 lbs. a day, not a large difference. 
On the average, 100 lbs. of soybean oil meal equalled 95 lbs. of soybeans 
plus 17 lbs. corn and 2 lbs. of mineral mixture in these trials, without 
considering the difference in rate of gain. 

Often well-cooked soybean oil meal is liked so well by pigs that they 
will eat much more than they need to balance the ration when it is self- 
fed, free-choice, in addition to com, also self-fed. In such cases the 
soybean oil meal should be hand-fed, or else mixed with ground legume 
hay, with ground oats, with other ground grain, or with mineral mix- 
ture so that the pigs will take less of the soybean oil meal. 

Soybean oil meal that has not been thoroughly cooked in the manu- 
facturing process is decidedly inferior to well-cooked soybean oil meal 
for swine feeding.^^^ Expeller-process soybean oil meal, hydraulic- 
process meal, and solvent-process meal are all satisfactory for swine, if 
they have been heated sufficiently in the manufacturing process to cook 
them thoroughly. A sufficient number of comparisons of the different 
types of soybean oil meal have not yet been made to warrant final con- 
clusions concerning their relative values.^^® Expeller-process soybean oil 
meal that has a light brownish color and a decidedly nutty taste is most 
excellent for swine, while raw-tasting expeller-process meal should be 
avoided. Hydraulic-process soybean oil meal that has been thoroughly 
cooked and that has a nutty taste is also a first-rate feed for swine. 
Solvent-process meal may equal the best expeller-process meal if it has 
been cooked sufficiently and if all traces of the solvent have been 
removed. 

As has been previously stated, soybean oil meal made by the expeller 
process or by the hydraulic process will have a nutty taste instead of a 
raw, beany taste, if it has been thoroughly cooked. Well-cooked solvent- 
process meal does not have a raw taste, but may not have any appre- 
ciable nutty flavor. (695) 

1369. Soybean oil meal combinations.— Particularly good results 
are secured when soybean oil meal is used in combination with tankage, 
meat scraps, or fish meal. For pigs not on pasture soybean oil meal is 
an excellent substitute for linseed meal in the trio mixture (which con- 
sists of 50 lbs. tankage, meat scraps, or fish meal ; 25 lbs. linseed meal ; 
and 25 lbs. chopped or ground legume hay) . In most of the comparisons 
of these two trio mixtures, the soybean oil meal combination has been 
equal or practically equal to the original linseed meal trio mixture in 
value for pigs.^*® The soybean oil meal trio mixture was also equal to 
the linseed meal trio mixture for brood sows in Iowa trials.^®® 

Soybean oil meal fed in combination with alfalfa hay or other 
legume hay is decidedly superior to soybean oil meal without legume 




Pigs Make Cheaper Gains Under Such Conditions 

Pigs fed well-balanced rations on good pasture and in sanitary quarters can be 
expected to make economical gains. 



Under These Conditions Profits Should Not Be Expected 
P igs which have no pasture and are in filthy, unsanitary quarters make expensive 
gains. Many become runts or die because oi disease or infection with worms. 





Colony Houses Banked with Straw for Winter 

Colony houses thus protected provide comfortable winter quarters for all but 
small pigs, even in the northern states. 



Brood Sows Housed in Colony Houses at Wisconsin Station 

Brood sows housed in these unprotected colony houses required 16 per ct. more 
feed than those kept in a central hog house, but the percentage of vigorous pigs they 
farrowed was higher, because they took more exercise. 
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hay to supplement grain for swine not on pasture.""^ For young pigs 
this combination, however, may not produce as good gains as the soy- 
bean oil meal trio mixture (which includes tankage in addition). 

For swine on pasture excellent supplemental mixtures are combina- 
tions of one-half soybean oil meal and one-half tankage, meat scraps, or 
fish meal. These combinations arc fully as good as the mixture of one- 
half linseed meal and one-half tankage, except that when pigs are self- 
fed com and the soybean oil meal combinations, free-choice, they may eat 
much more of the supplemental mixture than they need.^^^ 

1370. Peanuts. — Except for the fact that they produce soft pork 
when forming too large a part of the ration, peanuts are an excellent 
feed for swine. In spite of the softening effect of peanuts on the car- 
cass, over one-third of the peanut acreage in the United States has com- 
monly been hogged down (swine being turned into the field to root out 
the nuts). (597) Even when the peanuts are haiwested for sale, hogs 
are usually turned into the field to utilize the nuts that still remain 
after harvesting is completed. 

In the peanut-growing districts pigs are generally bought by the 
packing plants subject to a deduction of $1.00 or more per hundred- 
weight if their carcasses are soft. The experiments reviewed in the 
previous chapter have shown that to avoid soft pork, peanuts should be 
used only for young pigs up to a weight of about 85 lbs., which are 
then finished (after reaching this weight), on a ration that produces 
hard pork. (1322) For this reason, where pigs must be sold subject to 
a considerable reduction in price if their carcasses are soft, only brood 
sows and young pigs are used to hog down peanuts. 

North Carolina tests show the economical gains that arc made by 
pigs that hog-down peanuts.^®^ In 4 trials pigs hogging down peanuts 
and fed com or com and shorts in addition gained 1.25 lbs. a day on 
the average, and required only 104 lbs. com and shorts plus 0.45 acre of 
peanuts for 100 lbs, gain. Compared with this, pigs fed similarly on 
soybean pasture gained only 0.74 lb. a day and required 187 lbs. com 
and shorts plus 0.55 acre soybeans for 100 lbs. gain. The feed cost for 
100 lbs. gain was less than three-fourths as much on peanuts as on 
soybeans. 

In an Alabama trial a crop yielding 39.5 bushels of peanuts per 
acre produced 668.2 lbs. pork, and in another test a crop of 30.2 bushels 
per acre produced 416 lbs. of pork.^^^ On the average, 184 lbs. of pea- 
nuts, plus the forage furnished by the peanuts and any other vegetation 
in the field, produced 100 lbs. of pork. Peanuts can be grazed during 
only a relatively short season, for after a time the nuts will sprout or 
rot if left in the ground, especially in wet weather. 

In experiments at the North Carolina Station young pigs in dry 
lot made satisfactory gains when fed nothing but peanuts plus a small 
amount of alfalfa hay and a mineral mixture supplying calcium.^®® 

1371. Peanut oil meal; peanut oil feed. — Peanut oil meal is an excellent pro- 
tein supplement for swino feeding, as has been shown in Chapter XVIII. (698) 
Peanut oil meal is satisfactory as the only protein supplement for pigs on good 
pasture or for well-grown pigs in dry lot, but for very young pigs in dry lot it is 
best to use peanut oil meal in combination with tankage, fish meal, or dairy by- 
products. A mixture of one-half peanut oil meal and one-half tankage or fish meal 
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produces excellent results, either for pigs in dry lot or for those on pasture.ise When 
peanut oil meal is fed as the only supplement, a calcium supplement should be sup- 
plied, since peanuts are low in this mineral.iST 

Peanut oil feed, made from unhulled nuts or nuts only partially hulled, is, of 
course, worth less than peanut oil meal made from well-hulled nuts. The exact differ- 
ence in value will depend on the proportion of hulls in the peanut oil feed, for the 
hulls are of little or no value as a feed. In Alabama trials 100 lbs. of peanut oil 
meal from well-hulled nuts was equal in value to 104 lbs. of peanut oil feed from 
unhulled nuts plus 33 lbs. corn.i58 

1372. Com gluten feed. — Corn gluten feed is not commonly fed to swine, for 
it is worth much more for cattle than for swine. (523) The protein in gluten feed 
does not make good the deficiencies in the proteins of the cereal grains. Also, gluten 
feed is rather bulky for swine and it is not very palatable. However, swine will 
readily eat a mixture containing 10 to 15 per cent of the feed. 

Gluten feed is not an economical addition to rations for growing and fattening 
pigs unless the price per ton is less than that of the cereal grains. Gluten feed has 
generally been worth less than corn in experiments in which it has been added to 
such a ration as corn and tankage, with or without alfalfa hay or wheat shorts in 
addition.159 If gluten feed is so cheap in price that it may be used economically 
as part of i;he ration for swine, it should be fed in combination with protein supple- 
ments of animal origin, such as tankage, fish meal, or dairy by-products. When fed 
as the only supplement to corn, gluten feed has not produced good results, either in 
dry-lot feeding or on pasture.iso 

1373^ Com gluten meal. — Corn gluten meal has the same general limitations 
as gluten feed for swine feeding, except that it is less bulky and much higher in 
protein. (624) Kansas experiments show that it is very unsatisfactory as the protein 
supplement to corn for pigs not on pasture, even when alfalfa hay is included in the 
ration to provide vitamins and calcium and to aid in improving the quality of pro- 
tein.161 Fair results were secured when gluten meal was used as the only supplement 
to corn for pigs on alfalfa pasture, although the daily gain was 0.14 lb. less than on 
corn and tankage. A supplemental mixture of orie-half gluten meal and one-half 
tankage produced nearly as rapid gains as were marde on tankage as the only 
supplement. 

The rate of gain of pigs not on pasture was slightly decreased in a Nebraska 
test when gluten meal was substituted for linseed meal in the trio supplemental 
mixture (50 lbs. tankage, 25 lbs. linseed meal, and 25 lbs. alfalfa hay).^®* Also, 
the pigs fed the gluten meal combination and corn required more feed per 100 lbs. 
gain than those fed the regular trio mixture and corn, or a cottonseed meal trio 
mixture and corn. 

.1374. Com oil meal; com germ meal. — These corn-germ by-products, from 
which the greater part of the fat has been removed, are much better for swine feed- 
ing than gluten feed or gluten meal, for they furnish protein of somewhat better 
quality. (622, 626) Corn oil meal and corn germ meal are similar in composition 
and value, com germ meal being slightly lower in protein and higher in nitrogen- 
free extract than corn oil meal. These feeds contain only about one-third as much 
protein as high-grade digester tankage. 

Experiments at the Indiana, Iowa, and Ohio Stations have shown that corn oil 
meal or corn germ meal should not be fed as the only protein supplement to the 
grains.!®® Instead, these feeds should be used in combination with protein supple- 
ments such as tankage, fish meal, or dairy by-products, which supply protein of better 
quality. When corn oil meal or corn germ meal is fed as the only supplement to corn 
for* pigs on good pasture, the gains are fairly good, but when thus fed these feeds 
have been worth little or no more than corn, ton for ton. 

In 6 experiments at the Iowa and Wisconsin Stations a mixture of corn germ 
meal and tankage has been compared with tankage for self-feeding, free-choice, as 
the supplement to corn for pigfi on pasture.!®^ The pigs fed the corn-germ-meal 
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coRibination gained an average of 1.35 lbs. per head daily, in comparison with 
1.39 lbs. for those given tankage as the only supplement. In these trials each 100 
lbs. of corn germ meal replaced 46 lbs. tankage and 13 lbs. corn. With corn at $20 
and tankage at $60 per ton, the value of corn germ meal on this basis would be 
$30.20 per ton. When a mixture of tankage and corn germ meal or corn oil meal 
is used as the supplement to grain, the best results are secured when tankage forms 
at least one-half of the mixture. 

The results have differed rather widely in 7 experiments where corn germ meal 
or corn oil meal has been added to a ration of corn and tankage for pigs in dry 
lot.i®5 On the average, the gain has not been increased by the addition. In these 
trials each 100 lbs. of corn germ meal or corn oil meal has replaced 42 lbs. tankage 
plus 45 lbs. corn. For pigs not on pasture, it is best to add legume hay to such a 
ration as grain, tankage, and either corn germ meal or corn oil meal, in order to 
provide plenty of vitamins A and D. In 3 Wisconsin experiments the gains of pigs 
in dry lot were slightly decreased and more feed was required per 100 lbs. gain when 
corn germ meal was substituted for linseed meal in the trio supplemental mixture 
(50 lbs. tankage, 25 lbs. linseed meal, and 25 lbs. ground alfalfa hay).i®« 

When com germ meal and corn oil meal have been lower in price per ton than 
corn, as has occasidfially happened, these feeds have been used as a substitute for 
part of the corn in swine feeding. However, when thus used as a grain substitute, 
corn germ meal or corn oil meal is not equal to corn in. value per ton. In an Ohio 
trial the results were unsatisfactory when pigs on rape pasture were fed a mixture 
of one-half corn oil meal and one-half corn, with a small amount of tankage in 
addition.187 if fed in too large amounts, corn germ meal or corn oil meal may cause 
scours, and too largo a proportion in the ration may reduce the palatability. 

1376. Distillers’ dried grains. — Distillers’ dried grains are not usually fed to 
swine, since they are much better suited for feeding to cattle, especially to dairy 
cows. (648) They are not relished by pigs when forming a large part of a concen- 
trate mixture, and are also too bulky to form any considerable portion of the ration 
for fattening pigs. In an Ohio trial 85-lb. pigs fed a mixture of 22.5 lbs. distillers’ 
corn dried grains, 67.5 lbs. ground corn, 3.0 lbs. meat scraps, 4.0 lbs. ground alfalfa 
hay, and 3.0 lbs. mineral mixture gained 0.97 lb. per head daily and required 523 lbs. 
feed per 100 lbs. gain.ies Other pigs that were fed a similar mixture, except that 
the distillers’ grains were omitted and the proportion of meat scraps was increased, 
gained 1.31 lbs. a day and required only 419 lbs. of feed per 100 lbs. gain. 

In a Kentucky trial pigs fed 3.3 lbs. ground corn and 0.66 lb. distillers’ dried 
grains per head daily in dry lot gained 0.88 lb. and required 444 lbs. concentrates 
for 100 lbs. gain.16® Others fed corn and 0.51 lb. distillers’ dried grains on good 
pasture gained 1.03 lbs. a head daily and consumed only 300 lbs. concentrates for 
100 lbs. gain. 

1376. Distillery slop. — Strained distillery slop (the by-product left after the 
distillers’ grains are removed) is exceedingly watery, having only 5 per cent or less 
of dry matter. Recent tests at the Kentucky Station show that for use in swine 
feeding this thin or strained slop should be allowed to settle for several hours and 
the top portion, consisting of clear liquid, should be removed by dipping or allowing 
it to run off.i^o This will remove about one-third the volume. The remaining 
“settled slop” will contain an appreciably higher percentage of dry matter than the 
thin slop. 

For fattening pigs the thin slop should be fed in addition to a liberal feed of 
corn or other grain, and tankage or fish meal should also be added to provide protein 
of better quality than is furnished by the combination of merely grain and dis- 
tillers’ slop. 

Well-grown pigs given all the settled distillers’ slop they would drink, in addition 
to shelled corn and tankage, self-fed, gained 1.89 lbs. per head daily and required 
322 lbs. corn, 34 lbs. tankage, and 97 gallons of dLstillery slop per 100 lbs. gain. 
Similar pigs self -fed shelled corn and tankage gained 1.81 lbs. a day and consumed 



894 


FEEDS AND FEEDING 


372 lbs. corn and 42 lbs. tankage per 100 lbs. gain. Each 100 gallons of the settled 
distillers’ slop (somewhat over 800 lbs.) saved 5 lbs. corn plus 8 lbs. tankage. 

Pigs fed only corn and distillers* slop, without tankage, failed to make satis- 
factory gains, probably because of the poor quality of protein in this ration. On 
settled distillery slop alone pigs gained only 0.29 lb. a day. 

III. Pasture and Forage Crops; Other Succulent Feeds 

1377. Importance of pasture and forage crops. — Few facts in swine 
feeding have been so clearly proved, both by scientific experiments and 
by the common experience of successful farmers, as the importance of 
good pasture for all classes of swine. 

Pasture is of especial value for growing pigs, because good pasture 
crops are rich in the nutritive essentials that are lacking in the cereal 
grains. Such crops are rich in protein and, moreover, the protein is of 
the right kind or quality to aid in supplementing the proteins of the 
grains. The best pasture crops are also rich in mineral matter, particu- 
larly caljpium, which is deficient in all the grains. Dhst, but not least 
important, gleen pasture crops provide large amounts of vitamin A, 
through their high content of carotene. (187) Pasture crops are not 
rich in vitamin D, but swine on pasture receive an abundant supply of 
vitamin D through the anti-rachitic effect of sunlight. 

Because good pastures furnish a large amount of feed of excellent 
character, pigs on such pasture require much less grain or other con- 
centrates for each 100 lbs. gain than those not provided with pasture. 
Moreover, only about one-half as much expensive protein supplements 
are needed by pigs on pasture. They therefore make much cheaper gains 
than pigs fed in dry lot. 

Pigs on pasture not only make cheaper gains, but the green, succu- 
lent feed and the exercise they get aid greatly in keeping them thrifty. 
Merely from a sanitary standpoint, it is highly important that swine, 
and especially young pigs, be on pasture free from parasites all through 
the growing season, instead of being kept in filthy hog lots. Nothing 
is more important than this in preventing serious trouble from worms 
and filth-borne diseases. (1239-1240) 

Another important advantage of having swine on pasture is the 
fact that then the manure is evenly distributed over the field and none 
is wasted, as is the case when pigs are fed in dry lot. 

Because of the many virtues and economies of pasture for swine, 
everyone who expects a profit from pork production should provide an 
abundance of good forage for all his swine during as much of the year 
as is possible. In the southern states good pasture can even be provided 
during all or most of the winter. In the North there should be pasture 
for the brood sows and their litters in the spring ; pasture for the grow- 
ing, fattening pigs from weaning time until market or until frost kills 
the crop pasture for the brood sows and boar throughout the growing 
season ; and good pasture for any fall litters. 

The choice of pasture crops for any particular section will depend 
primarily on the soil and climatic conditions. The following pages, 
which set forth the merits of many pasture crops, show that alfalfa, the 
clovers, rape, soybeans, peanuts, the cereals, Sudan grass, bluegrass, and 
several other crops all have decided merits and provide valuable swine 
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pastures in various sections’ of the country or for certain seasons of the 
year. In general, those pasture crops are best in a given locality which 
give high yields of palatable, nutritious forage over a long season, at a 
low cost for growing the crop. The crop should be rich in protein and 
also in mineral matter, especially in calcium and phosphorus. It should 
also endure grazing well, and not merely furnish pasture for a few 
weeks of the season. As will be noted in the following pages, over much 
of the country most of these essentials are possessed by alfalfa, the 
clovers, and rape, or mixtures such as oats-peas-and-rape or oats-and- 
rape. 

The high value of pasture crops in pork production is clearly shown 
in the following table. This summarizes the results of 30 experiments 
in each of which one lot of pigs averaging 62 lbs. in weight has been fed 
until they reached market weights on a well-balanced ration of corn 
(nearly all yellow com) and tankage in dry lot, without pasture, while 
another lot has been full-fed corn and tankage on alfalfa, clover, or rape 
pasture.^^^ In some of the trials the pigs were self-fed and in others 
the pigs were hand-fed all they would eat, both in dry lot and on pasture. 
In these experiments an average of 21.7 pigs were pastured per acre. 

In several of the early trials of this nature, the pigs on pasture 
were fed just as large a proportion of tankage or other supplement as 
those in dry lot. The results of such trials are not included in these 
averages, for one of the advantages of pasture crops is that pigs on 
good pasture need only about one-half as much protein supplement to 
balance their rations as those fed in dry lot. 


Value of pasture for growing, fattening pigs 


Average ration 

Lot I, pigs on pasture 
Com, 4.8 lbs. 

Tankage, 0.36 Ib. Pasture 

Lot II, no pasture 
Corn, 4.4 lbs. 

Tankage, 0.48 lb 


Daily 

Concentrates per 

gain 

100 lbs. gain 


Com Tankage 

Lbs. 

Lbs. Lbs, 


1.41 

343 

25 

1.16 

376 

42 


The table shows that the pigs fed com and tankage on good pasture 
gained 1.41 lbs. per head daily and required only 343 lbs. corn and 
25 lbs. tankage for 100 lbs. gain. Compared with these excellent results, 
those fed com and tankage in dry lot gained only 1.16 lbs. a day and 
required 33 lbs. more corn and 17 lbs. more tankage for each 300 lbs. 
gain. 

When spring pigs are carried on pasture from weaning time until 
they are ready for market or until the end of the pasture season, each 
acre of good pasture should save approximately 800 to 1,000 lbs. of corn 
plus 500 lbs. or more of tankage, in comparison with dry lot feeding. 
With com at $20 and tankage at $60 per ton, this saving of feed per 
acre of pasture would amount to $23 or more, without including the 
value of the hay cut on alfalfa or clover pastures. Many of these trials 
did not begin until some weeks after the pigs were weaned, and there- 
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fore complete use was not made of the pasture throughout the season. 
In this computation of the value of pasture, no credit is given for the 
more rapid gains of the pigs on pasture, which would often permit their 
being sold early in the fall, before prices slump. Also, no credit is 
included for the fertility added to the soil through the growth of 
legumes and through the manure produced from the corn and tankage 
fed on pasture, practically all of which is saved when pigs are fed on 
pasture instead of in dry lot. 

Furthermore, in some of the experiments the pasture-fed pigs and 
the dry-lot pigs were removed from the tests at the time when the 
pasture-fed pigs were ready for market. At that time the dry-lot pigs 
had not yet reached market weights, and therefore they still had to make 
their most expensive gains. (1275) If the dry-lot pigs had all been 
continued on the experiments until they reached the same weights as 
the pasture-fed pigs, the saving in feed through the use of pasture would 
have been somewhat greater. 

It h^s been shown previously that a ration of yellow com and tank- 
age is not ideal for pigs not on pasture, even when they get plenty of 
sunlight. (1341) Slightly more rapid and more economical gains are 
secured when alfalfa hay is added to this ration, or when such a supple- 
ment as the trio combination (tankage, linseed meal, and legume hay) 
is fed instead of tankage. 

In each of 3 Michigan trials one lot of 43-lb. pigs was self-fed yellow 
corn and tankage on alfalfa pasture until they reached an average mar- 
ket weight of 209 Ibs.^^^ Another lot in each trial was self-fed, free- 
choice, in a sanitary dry lot on shelled corn and a mixture of equal 
parts by weight of tankage and linseed meal. In addition, alfalfa hay 
was provided in a rack for the dry-lot pigs. On this ideal dry-lot ration 
the pigs gained fully as rapidly as did those on pasture, but they 
required 49 lbs. more concentrates plus hay per 100 lbs. gain. On the 
average, each acre of pasture saved 747 lbs. supplemental mixture, 309 
lbs. com, and 172 lbs. alfalfa hay. In addition, an average of 2,827 lbs. 
hay per acre was cut from the pasture each year. With com at $20, 
tankage at $60, linseed meal at $40, and alfalfa hay at $15 a ton, the 
saving of feed per acre of pasture would amount to $23.05, without 
including any credit for the hay cut from the pasture. 

1378. Methods of feeding pigs on pasture. — After providing plenty 
of good pasture for all of his swine, the next question which arises in 
the mind of a farmer is whether he should full- feed grain or other con- 
centrates to growing and fattening pigs on pasture, or whether it will 
be more profitable to limit the amount of concentrates. This matter 
has been fully discussed in the previous chapter, where it has been 
pointed out that the answer will depend primarily on the relative price 
of grain and pasture and on whether or not it is the desire to finish 
the pigs for an early fall market. (1307) 

• To keep pigs on pasture growing thriftily it is usually necessary 
to feed them at least 1.0 to 1.5 lbs. of concentrates daily per 100 lbs. 
live weight. Many young pigs are stunted because they are forced to 
live on pasture alone, or on pasture with too scanty a supply of grain. 
Such a diet is decidedly unsuited to the digestive tracts of young pigs. 

Self-feeding growing and fattening pigs on pasture is an economical 
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and labor-saving method of pork production, when the pigs are to be 
finished for an early market. The merits of self-feeding versus hand- 
feeding have been discussed in the preceding chapter. (1309) 

Pigs on pasture should be provided with shade and with an abun- 
dant supply of fresh water. Automatic waterers are convenient, labor- 
saving devices, which give excellent satisfaction when properly adjusted. 
Salt should be supplied at all times, except possibly when tankage, meat 
scraps, or fish meal are fed as the only supplement. (1289) 

Pigs which are fed well-balanced rations on pasture are much less 
apt to root than dissatisfied pigs fed an inefficient ration, such as corn 
alone. It is often not necessary to ring spring pigs which will be sold 
in the fall at the close of the pasture season, for they are less apt to 
root than are older hogs. However, the pasture lots must be watched 
closely, and if the pigs start to root badly, it will be necessary to ring 
them at once, especially if they are on a permanent pasture, such as 
alfalfa or bluegrass. Even if fed good rations, pigs are apt to begin 
rooting after hard summer or fall rains, in order to get the earth worms 
which then come close to the surface of the ground. This is not surpris- 
ing, for in a state of nature the hog gained his living largely by root- 
ing. On annual crops, such as rape, it is not usually necessary to ring 
pigs if they are fed well-balanced rations. 

1379. Feeding a supplement with grain on pasture. — All forage 
crops at the immature stages when commonly used for pasture are much 
richer in protein than the same crops when nearly mature. (295) It will 
be noted in Appendix Table I that at the stages of growth when pas- 
tured most of the forage crops used for swine have even narrower nutri- 
tive ratios than does standard wheat middlings. This means that they 
are richer in digestible protein than standard middlings, on the dry 
basis. 

Due to the richness of the common pasture crops in protein and 
also because of their other virtues, young pigs fed only com on good 
pasture will usually make fair gains. However, as has been shown 
in the preceding chapter, the addition of an efficient protein supple- 
ment will considerably increase the rate of gain. (1286) Whether or 
not it will pay to add a supplement will depend upon the various factors 
that have been pointed out in the previous discussion. It will usually 
pay to feed a supplement to early spring pigs that are full-fed corn on 
good pasture. The rapid gains resulting from the use of the supplement 
will make it possible to finish the pigs for market before the severe 
decline in hog prices that usually occurs in late autumn. 

It has been emphasized in the previous discussion that there is less 
need of adding a protein supplement when pigs are fed barley, wheat, 
oats, or rye on good pasture, than when the grain is corn. After pigs 
fed chiefly on these grains reach a weight of about 100 lbs., it does not 
usually pay to add a supplement, unless maximum gains are desired. 
Until they reach this weight, it is generally best to feed a small amount 
of supplement, unless the pasture is particularly good or unless protein 
supplements are high in price. 

1380. Alfalfa pasture. — ^Wherever it thrives, alfalfa ranks first as 
a pasture crop for swine. (375) It provides pasturage during a longer 
season than most other forage crops, starting early in the spring and 
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remaining green and succulent in the late summer when bluegrass has 
dried up and even clover grows hard and woody. Since continuous close 
grazing of alfalfa injures the stand, the number of pigs should be 
restricted and the plants should be allowed to grow up, being cut for hay 
once or twice during the season. This is especially important where 
it is desired to retain the stand as long as possible. 

Except in the best alfalfa districts of the West, no more than 17 
to 20 spring pigs per acre should usually be grazed on alfalfa, even 
when they are full-fed grain in addition. If the amount of grain is 
limited, then fewer pigs should be carried per acre. Where the winters 
are severe, care must be taken not to pasture alfalfa too late in the 
fall, for there is danger of its being killed out unless sufficient growth 
is left standing to protect the plants. With swine there is no danger 
from bloat on alfalfa pasture. 

It is of interest to compare the results from alfalfa pasture with 
those from rape, which is the best single temporary pasture crop for 
swine, where it thrives. In each of 14 experiments one lot of spring 
pigs, avefagir^g 50 lbs. in weight at the start, has been full-fed corn and 
either tankage or a mixture of one-half tankage and one-half linseed 
meal on alfalfa pasture, in comparison with another lot of similar pigs 
on rape pasture.^^^ The gains were a trifle more rapid on the alfalfa 
pasture, averaging 1.27 lbs. per head daily, in comparison with 1.21 lbs. 
for the pigs on rape pasture. Also, slightly less feed was required per 
100 lbs. gain on alfalfa pasture, the average being 344 lbs. corn and 24 
lbs. supplement. On rape pasture the pigs required 347 lbs. corn and 
31 lbs. supplement per 100 lbs. gain. 

In addition to these slight advantages in rate of gain and in feed 
requirement per 100 lbs. gain, a considerable amount of hay was secured 
from the alfalfa plot, the average yield being 2,142 lbs. per acre. A 
further advantage of alfalfa over rape is that rape is not a legume, and 
therefore does not add nitrogen to the soil. Also, it is an annual, and 
the cost of growing it is therefore somewhat higher than the cost of 
alfalfa pasture in sections where a seeding of alfalfa will last for 3 years 
or more. 

There was not much difference in the number of pigs carried per 
acre on these two pasture crops, the average being 17.2 pigs per acre 
for alfalfa and 16.8 for rape. In any particular section, the relative 
carrying capacity of these forages will depend upon which crop thrives 
better in the particular locality. 

Since alfalfa forage is fairly rich in protein and is high in calcium, 
pigs fed only com and salt on alfalfa pasture will make satisfactory 
gains. However, when rapid gains are desired, a protein supplement 
should be fed in addition, as has been shown in the previous chapter. 

(1286) 

1381. Clover pasture. — In the northern and central states red 
clciver is one of the most valuable pasture crops for swine, being sur- 
passed only by alfalfa. (383) Red clover cannot generally be grazed 
quite as early in the spring as alfalfa, and it provides somewhat less 
forage per acre. When the rainfall is ample, clover will provide good 
pasture throughout the growing season, if it is not overgrazed, but yet 
is not allowed to go to seed or become too mature. In dry seasons, it 
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does not furnish as constant a supply of forage as does alfalfa. Clover 
pasture should be clipped with a mower when necessary, to induce 
new growth and to prevent it from going to seed. 

It is fortunate that red clover closely approaches alfalfa in value 
as a pasture crop for swine, for it can be grown on soils that are not 
sufficiently well drained for alfalfa. Red clover is particularly adapted 
to growing in a short crop rotation to provide pasture free from infest- 
ation with swine parasites and filth-borne diseases. (1239-1240) That 
red clover pasture rivals alfalfa pasture for swine is shown by the results 
of 7 experiments, in each of which one lot of pigs averaging 52 lbs. in 
weight at the start was fed corn and tankage on alfalfa pasture, while 
another lot of pigs was fed similarly on red clover pasture.^^^ On both 
kinds of pasture the average daily gain was the same, 1.24 lbs. There 
was a slight advantage in amount of feed required per 100 lbs. gain in 
favor of the alfalfa pasture, 8 lbs. less corn and 2 lbs. less tankage being 
consumed for each 100 lbs. gain by the pigs on alfalfa than was required 
by those on clover pasture. Somewhat more hay was also cut from the 
alfalfa pasture lots than from the clover pastures. 

In sections where both red clover and rape thrive, clover is very 
slightly superior to rape as a swine pasture. In 12 experiments at the 
Ohio, Wisconsin, and Iowa stations pigs fed com and tankage on red 
clover pasture gained an average of 1.25 lbs. per head daily, while others 
similarly fed on rape pasture gained 1.18 Ibs.^^"' A trifle less feed was 
also required per 100 lbs. gain on the clover pasture. However, the 
difference was too small to be significant, as it only amounted to 3 lbs. 
corn and 1 lb. tankage. 

The difference between these two excellent pasture crops is so small 
that the choice between them should be based on the adaptability of each 
to the local soil and climatic conditions. In considering the merits of 
these crops, it must be borne in mind that clover improves the soil, 
while rape docs not. 

There is somewhat more advantage in feeding pigs on clover pas- 
ture a protein supplement in addition to corn or other grain, than there 
is in the case of alfalfa pasture, for clover is not so rich as alfalfa in 
protein. 

Alsike clover is an excellent pasture crop for swine on soils too wet 
or too acid for red clover, (386) Ohio tests show that where the soil 
is adapted to red clover, it is preferable to alsike clover for swine pas- 
ture, for red clover provides good grazing over a longer season.^^® On 
sandy soil, mammoth clover may yield more pasturage than red clover. 
(385) 

White clover is not commonly grown alone for swine pasture, but 
it is important in mixed and native pastures in many districts. A 
mixture of white clover and bluegrass makes a much better pasture than 
bluegrass alone, especially in mid-summer. (387) Particularly in the 
southeastern states, crimson clover, sown as a winter annual, furnishes 
valuable spring pasturage for pigs. (394) Lespedeza is one of the most 
valuable pasture crops in the South. (405) 

1382. Sweet clover. — On soils not well adapted to alfalfa or red 
clover, sweet clover may often be used to advantage as a pasture for 
swine. (390) Experiments at various stations have shown that alfalfa 
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or red clover is usually preferable to sweet clover where these crops 
thrive.^^’^ It is sometimes difficult to get swine to eat sweet clover, but 
they will usually become accustomed to it after a time. 

Biennial sweet clover, sown in the spring, is much better for swine 
pasture during the first season of its growth than during the second 
season. The first year it will provide forage throughout the summer. 
On the other hand, the second year it will rapidly grow up rank and 
coarse. Even if the crop is cut for hay to prevent it from going to 
seed, the pasture may be none too good thereafter, and the plants will 
usually die by mid- August. 

1383. Rape pasture. — Over the greater part of the northern and 
central portion of the United States, rape is the best single annual for- 
age crop for swine. (486) Rape provides excellent forage over a long 
season ; it is easily grown and requires no cultivation ; it thrives on any 
fertile soil adapted to corn; and the seed is cheap. Since the young 
plants are not injured by light frosts, rape may be seeded in early 
spring and should be 8 to 10 inches high and ready for grazing in 7 or 8 
weeks after seeding. If not pastured too heavily, the crop will provide 
pasturage until late in the fall, for the plants are not killed by ordinary 
frosts. 

Although rape commonly produces the best yield when sown early 
in the spring, it will make a satisfactory crop when seeded as late as 
June or early in July, if sufficient moisture is available. If rape is 
pastured heavily, the pigs must be removed when it has been grazed 
down to 4 or 5 leaves to the plant, in order to give the crop a chance 
to recover. A much better plan is not to overstock the pasture. If spring 
pigs are full-fed concentrates on pasture, spring-sown rape on good soil 
should furnish good grazing throughout the season for 16 to 20 pigs, or 
even more, per acre. 

The opinion is sometimes expressed that rape is not palatable to 
swine, and that they fail to eat it as they should. In the numerous 
experiment station tests of this pasture crop, there has been no diffi- 
culty of the kind, and excellent results have practically always been 
secured from good crops of rape. The idea that pigs do not eat much 
rape is probably explained by the fact that it grows so rapidly under 
favorable conditions that the pigs do not make much of an impression 
on the crop. 

Rape occasionally is damaged by aphis or plant lice, especially if 
it is not on a fertile soil. Also, it sometimes causes blistering or sun- 
scalding of swine. White pigs and those with very thin hair or white 
belts or spots are most apt to suffer from sunscald, although no breed is 
immune. Usually the ears and the back are the parts affected. Sun- 
scalding is caused by pigs grazing in the rape when it is wet and then 
getting into the hot sunshine. It is therefore more apt to occur in rainy 
periods than during dry weather. Care should be taken to rub crude 
oil, vaseline, or lard on any blistered spot. Generally very little sun- 
scalding is experienced, even with white pigs. This characteristic of 
rape should therefore not deter one from using it as a pasture crop. 
Sometimes sunscalding occurs to a lesser extent on alfalfa and other 
forages. 

The experiments which have been previously summarized in this 
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chapter show that rape closely approaches alfalfa or red clover in value 
as swine pasture.^^® (1380, 1381) Where alfalfa thrives, it slightly excels 
rape, chiefly because it need not be reseeded each year and also because 
it is a legume and thus builds up the soil. The portion of the rape 
plant eaten by pigs is nearly as rich as alfalfa in protein. However, 
pigs self-fed, free-choice, corn and tankage or such a mixture as one- 
half tankage and one-half linseed meal, generally eat a somewhat greater 
amount of supplement on rape pasture than when on alfalfa or clover 
pasture. In the South rape is an excellent winter forage crop for fertile 
soils. 

1384. Combinations including rape. — In the northern-most states 
of this country rape is often seeded for swine pasture in combination 
with oats and peas, or with only oats or barley. In localities particularly 
well adapted to field peas, the combination of oats, peas, and rape may 
be sufficiently superior to rape alone to warrant the additional cost of 
the oat and pea seed. Pigs self-fed com and tankage on oat-pea-and- 
rape pasture in 5 Wisconsin trials gained no more rapidly than others 
on rape pasture, but each year they required a little less concentrates for 
100 lbs. gain.^^® This saving amounted to 17 lbs. com and 2 lbs. 
tankage for each 100 lbs. gain, on the average, which usually more than 
covered the additional cost of growing the mixture over seeding rape 
alone. Farther South, or in other sections where field peas do not thrive 
so well, rape is superior to the mixture of oats, peas, and rape. 

A combination of oats and rape was slightly superior to rape alone 
in 2 Wisconsin tests, but in trials at the Ohio and Pennsylvania Stations 
rape alone was better.^®® In seeding one of these combination crops, 
the rate at which the oats and peas or the oats is seeded should not be 
too heavy. Otherwise the rape may be crowded out in the early stages 
of growth. 

1385. Field peas for pasture. — ^Field peas or a mixture of field 
peas and oats arc sometimes grown for swine pasture in the northern 
states. (402) These crops provide excellent pasture for a short period, 
but cannot compete with alfalfa, clover, or rape as long-season forages.^®^ 
By sowing rape with oats-and-peas, excellent pasture may easily be 
provided until late fall, for the rape will come on after the oats and the 
peas are grazed off. Austrian winter peas are sometimes grown in com- 
bination with winter oats or other winter grain for winter and early 
spring pasture in the southern states and in certain sections of the 
Pacific-Coast district. ^®^ 

In certain districts of the northwest where field peas thrive and 
grain is high in price, pigs are sometimes fattened by allowing them to 
'‘hog down'' field peas, into which they are turned from the time the 
pods begin to form until they ripen. Sometimes the crop is not hogged 
down until the peas have matured and the vines have died. Fairly good 
gains are made by pigs hogging down peas if the vines are still green. 
In North Dakota tests over a period of 10 years, 385 lbs. of pork were 
produced per acre of peas hogged down, and in Idaho tests oyer a 3-year 
period, 406 lbs. of pork were produced per acre.^®® More rapid gains are 
made when the pigs are fed a limited amount of grain in addition to 
the peas. Whether or not it will be economical to add grain, will depend 
on its cost. It may also be advisable to feed a small amount of protein 
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supplement, such as tankage, that supplies protein of high quality, for 
the protein in field peas is not of a very complete nature. 

Colorado tests show that poor results may be secured when pigs 
hog down ripe field peas, unless supplementary feed is given.^®^ In these 
trials excellent gains were made when pigs hogging down peas were fed 
barley and either tankage, alfalfa meal, or skimmilk in addition. Cull 
potatoes were a good addition to such a ration. 

1386. Soybean pasture. — Green soybean plants provide good pas- 
turage for swine, but only during a rather short season. Soybeans can- 
not be seeded in the spring until danger of frost is over, and therefore 
they do not furnish feed as early as do alfalfa, clover, and rape. Also, 
when soybean plants are grazed off, the growth is not renewed, as it is in 
the case of the long-season pasture crops. For these reasons soybeans 
are inferior to alfalfa, clover, or rape where the latter crops thrive.^®® 

In some sections of the South, soybeans produce larger yields of 
good forage than any other summer pasture crop suited for swine.^®® 
In using soybeans for fattening pigs, however, care must be taken to 
avoid the* production of soft pork. This difficulty may be largely pre- 
vented by using a late variety of soybeans that will not mature seed 
until after spring pigs are ready for market. 

Well-grown pigs make satisfactory gains when they hog down a 
field of soybeans after the beans have developed, if they receive a 
limited amount of com or other grain in addition.^®^ Unfortunately, 
however, this method of feeding produces soft pork. The growing of 
soybeans in a com field that is to be hogged down has been discussed 
earlier in this chapter. (1331) 

1387. Cowpea pasture. — On the poorer soils in the southern states 
cowpeas are useful as a forage crop for swine, as they flourish where 
other legumes will not produce good crops. (401)^®® On the better 
soils, however, soybeans are superior to cowpeas.^®® 

1388. Velvet *beaii pasture. — In the South velvet beans are sometimes grown 
with corn and the crop hogged down, part of the corn ears often being picked first. 
The gains may be satisfactory as long as the corn lasts, but later they are often 
poor. This is due to- the fact, pointed out in Chapter XVIII, that velvet beans are 
unsatisfactory for swine when forming any considerable part of the ration. (605) 

When a crop of corn and velvet beans is to be hogged down, the pigs should 
be fed a limited amount of some efficient protein supplement, such as tankage. In 
an Alabama trial pigs were turned into a field where velvet beans had been grown 
with corn but the good corn ears had been already removed.ieo In addition, they 
were given a half ration of a mixture of 9 parts corn meal and 1 part tankage. 
Another lot of pigs was fed corn and tankage in a dry lot. The pigs foraging on 
velvet beans gained 1.23 lbs. per head daily and required 0.38 acre of velvet beans 
and only 170 lbs. concentrates for 100 lbs. gain, while those in dry lot consumed 
400 lbs. concentrates per 100 lbs. gain. 

1389. Permanent pasture. — ^Among the permanent grasses, hlue- 
grass generally provides the best pasture throughout the humid area 
of^the northern states. In this district it forms the chief part of the 
native pasture, often in combination with white clover. The value of 
native pasture will depend largely upon the proportion of clover and 
other legumes present, for the pasture will provide a much more uniform 
supply of feed throughout the season when there is a goodly proportion 
of legumes. 
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Bluegrass furnishes excellent early spring and late fall pasturage, 
being ready even before alfalfa or the clovers. However, it makes little 
growth during mid-summer, so other crops sJionld be provided at this 
season. The cost per acre of bluegrass and other permanent pasture is 
usually very low, for there is little or no expense for seeding, and areas 
not suited to cultivation can be usedrfor this purpose. If the same 
permanent pasture lot is used for swine during successive years, it will 
become badly infested with round worms and other parasites. (1439) 

In the several trials in which bluegrass pasture or native pasture 
consisting chiefly of bluegrass has been compared with rape pasture 
for growing and fattening pigs, the rate of gain has generally been 
distinctly less on the grass pasture. Even more important, 90 lbs. more 
concentrate's have been required, on the average, for each 100 lbs. gain.^®^ 
In addition to these advantages of the rape pasture, it will commonly 
carry more pigs per acre than bluegrass or other permanent grass pas- 
ture. In certain tests where there was a high proportion of white clover 
in the pasture, bluegrass more closely approached rape in value. 

Since bluegrass and other grasses are lower in protein than alfalfa, 
clover, or rape, a somewhat larger amount of protein supplement is 
needed to balance the ration for pigs full-fed grain on such pastures. 
Also, it is much more necessary to add a protein supplement to the 
ration than in the case of the better forage crops. (1286) 

Throughout much of the southern states Bermuda grass furnishes 
the best permanent pasture for swine. (461) Orchard grass'll also a 
good grass for permanent swine pasture in sections where it thrives 
better than bluegrass. (453) In 4 tests at the North Carolina Station 
pigs full-fed a mixture of corn, wheat shorts, and fish meal on orchard- 
grass pasture gained 0.10 lb. per head more daily than those fed this 
excellent ration in dry lot.^®^ The pasture-fed pigs also required 6 lbs. 
less concentrates per 100 lbs. gain. When only one-half as large a 
proportion of protein supplements was fed to the pigs on this pasture 
as was included in the ration for the pigs in dry lot, the gains were a 
trifle slower and also decidedly more expensive. 

1390. The cereals. — Winter rye and winter wheat provide excellent 
late fall and early spring pasture in the northern states, rivalling or 
excelling bluegrass in this respect. In the central states these winter 
grains will also furnish considerable forage during the winter, if there 
has been a good growth by the time cold weather comes on in the fall. 
In the South winter cereals will provide good pasture from fall until 
spring, thus greatly decreasing the cost of maintaining brood sows and 
raising fall pigs. 

At the pasture stage of growth green rye and other cereals are 
richer than alfalfa hay in protein, on the dry basis.^®® (295) Therefore 
cereal pasture saves protein supplements in the same manner as does 
alfalfa, clover, or rape pasture. However, the feeding of a small amount 
of an efficient protein supplement to pigs fed grain on cereal pasture, 
even of the best quality, will increase the rate of gain considerably and 
will generally reduce the cost of producing pork. 

For fall, winter, and spring pasture the cereal should be chosen 
that produces the best yield of forage in the particular locality In 
the North rye is generally superior to wheat, because it is more hardy. 
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Farther South, wheat is preferable in some sections. In the southern 
states winter barley or winter oats may be better than rye or wheat for 
winter pasture. 

For seeding in the spring to provide pasture in summer, the cereals 
are generally much inferior to such crops as alfalfa, clover, or rape, for 
they soon ripen and die. Sometimes winter wheat or winter rye is seeded 
in the spring in order to secure a longer pasture season than is possible 
with the spring varieties of grain. 

1391. Hogging down ripe grain; gleaning stubble fields. — Bipe grain, espe- 
cially rye, wheat, or bald barley, is sometimes hogged down, pigs being turned into 
the field when the crop is nearly ripe. The method may give satisfactory results 
when the season is dry, and for this reason it is used most in the wheat-growing 
districts of the Northwest.^®® Experiments have shown that in the corn belt and 
other humid districts a grain crop generally produces much less pork when hogged 
down than when it is harvested and the threshed grain fed instead. 

For example, in recent Ohio experiments pigs hogging down ripe wheat and 
fed tankage in addition made an average gain of only 0.57 lb. per head daily.io« 
Other pigs^fed harvested wheat from the same field, with tankage as the protein 
supplement gained 1.25 lbs. daily. When the wheat was hogged down, the gross return 
per bushel of wheat was only 49 cents, after deducting the cost of the tankage. 
The gross return from the harvested and threshed wheat was 73 cents per bushel, 
after deducting the cost of the tankage, but not the cost of harvesting and threshing.* 
Similar results were secured when rye was hogged down. 

It has been shown previously in this chapter that hogging down corn is a 
thoroughly successful method of harvesting the crop. (1331) 

Especially on the grain farms of the West, stubble fields are an important factor 
in economical pork production. Where the grain is harvested by means of a header 
or a combine thresher, a considerable amount may be left ungarnered, and this was 
formerly wasted. Many farmers have hog fenced their fields and turn pigs on the 
stubble to glean the scattered heads of grain. Gains made on such waste are almost 
clear profit. 

1392. Sudan grass; sorghum; Japanese cane. — Sudan grass is a 
very satisfactory pasture crop for swine in districts where it thrives 
and where the climate is too dry or is otherwise unsuited for such forages 
as alfalfa, red clover, or rape. (467) It is therefore especially adapted 
to the drier portions of the Great Plains, often providing more feed than 
alfalfa.^®^ On the other hand, in the com belt and eastward and in the 
south central and southeastern states, Sudan grass is generally excelled 
very decidedly by other pasture crops.^®® 

Where alfalfa, clover, or rape thrives, these crops provide pasture 
over a longer season than does Sudan grass, for the latter is readily 
killed by frosts. It therefore cannot be seeded until com planting time, 
and it does not provide forage late in the fall. Sudan grass is a better 
pasture crop for pigs over 50 to 75 lbs. in weight than for very young 
pigs. However, even for the latter it is much better than no pasture 
at all. 

Since Sudan grass pasture is decidedly lower in protein than alfalfa, 
red* clover, or rape, pigs will not make good gains on it unless an 
efficient protein supplement is provided. 

Sorghum is too high in fiber to excel as a pasture for young pigs, 
though it is useful in the South for providing succulence when other 
crops are not available. For older pigs fed considerable grain it gives 
somewhat better results.^®® ( 444 ) 
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In a Florida test, J apanese cane fed alone would not maintain young 
pigs.*°® For pigs fed grain, this forage should have about the same 
value as sorghum. (465) 

1303. Soiling crops. — It is not ordinarily profitable to cut and haul green crops 
for pigs, for they can better do their own harvesting. If for any reason any of the 
hogs cannot be provided with pasture, it will help to cut a little green feed for 
them, but it will save labor to fence off a plot in some nearby field and turn them 
(366-357) 

1394. Booto. — Boots w-ere formerly esteemed by many swine raisers, especially 
for feeding brood sows. (470-471) In several trials carried on years ago roots were 
added to rations which were then considered satisfactory for pigs, but which we 
now know to be inefficient. For example, pigs were fed grain alone or grain and 
shorts alone in comparison with others fed roots in addition. In 8 trials pigs fed 
concentrates alone gained 1.2 lbs. a head daily and required 499 lbs. concentrates 
for 100 lbs. gain.202 Others fed roots in addition (sugar beets in most of the trials) 
gained 1.0 lb. a head daily, and required 358 lbs. concentrates plus fi31 lbs. roots 
for 100 lbs. gain. In these trials 448 lbs. of roots saved 100 lbs. of concentrates. 
If such a value as this could usually be secured from roots, when added to modern, 
efficient rations, they would perhaps be economical winter feeds for swine, for with 
concentrates at $25.00 a ton, roots would be worth $5.50 a ton. 

However, when roots were added to efficient rations for brood sows or fattening 
pigs in trials by the author and Bohstedt at the Wisconsin Station, the roots had 
so low a value that they were decidedly uneconomical. 20 ^ In these trials alfalfa 
or clover hay was a much more efficient addition than roots to the rations of brood 
sows or fall pigs. We might expect this, since legume hay is rich in good-quality 
protein, in calcium, and in vitamins A and D, and it has a desirable laxative effect. 
Boots are palatable, succulent, and laxative, but they are low in protein and in 
calcium. Moreover, roots are lacking in vitamin D, and most roots have little or 
no vitamin A, though yellow carrots are rich in it. Boots should be chopped before 
being fed to swine. 

1396. Other succulent feeds. — In the potato-growing districts cull potatoes 
are often an economical feed for swine, if they are fed after thorough cooking, as 
has been explained previously. (480) 

In the South sweet potatoes are often used for swine feeding. The manner 
in which they can be best utilized has been shown previously. (482) 

Corn silage and sorghum silage are not useful feeds for swine. They are bulky 
and high in fiber, and they do not have the nutritive qualities that make legume hay 
so valuable for swine not on pasture. In strong contrast to legume hay, corn silage 
and sorghum silage are low in protein and in calcium, and they provide much less 
vitamin A and vitamin D than does well-cured legume hay. 

Wet beet pulp is not so commonly fed to swine as to cattle or sheep, but limited 
amounts can be thus used. (643) In a Utah trial 130-lb. pigs, fed 3.3 lbs. wheat 
shorts and 12.3 lbs. wet beet pulp a head daily, gained 1.2 lbs. per day and required 
275 lbs. shorts and 1,030 lbs. beet pulp for 100 lbs. gain.204 Compared with pigs 
fed shorts alone, 609 lbs. of beet pulp replaced 100 lbs. of shorts. 

IV. Legume Hay 

1396. Importance of legume hay for swine not on pasture. — It has 

already been emphasized that swine which are not on pasture should be 
provided with legume hay whenever possible. (1280, 1298) Such hay 
aids in supplying the necessary amount of protein and also protein of 
a kind that will help to make good the deficiencies in the proteins of 
the cereal grains. It also is rich in calcium and fair in phosphorus 
content. Still more important, such hay is the only rich source of 
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both vitamin A and vitamin D among all the feeds commonly used in 
feeding swine in dry lot. 

It is especially advantageous to include legume hay in the rations 
of young pigs and brood sows during the winter when they arc not on 
pasture. Indeed, this may often make all the difference between profit 
and loss in pork production, for it will prevent unthriftiness and possible 
disaster due to a lack of vitamins. Many experiments have shown that 
a ration is unsafe for feeding to swine for a long period of time which 
consists only of any grain except yellow corn, supplemented by minerals 
and any of the most common protein supplements.^®® Such a ration will 
be seriously deficient in vitamin A and will also lack vitamin D. 

Even when swine are fed yellow corn (which is a good source of 
vitamin A) there is still a decided benefit from adding well-cured legume 
hay to the ration for swine not on pasture.^®® The hay provides an even 
more liberal supply of vitamin A and, still more important, is a protec- 
tion against any lack of vitamin D. 

Pigs or brood sows fed a ration of yellow corn supplemented by 
tankage, meat scraps, or dairy by-products may remain thrifty during 
the winter when not on pasture, provided the climate is such that they 
are outdoors and exposed to direct sunlight during much of the day- 
time. Though winter sunlight is relatively weak in anti-rachitic effect, 
swine may then be protected against rickets. (191) However, the only 
safe plan is to supply them with well-cured legume hay during the 
winter. 

Even when fish meal is fed as the supplement to grain, it is ad- 
visable to supply legume hay in addition, unless one is sure that the fish 
meal is rich in vitamin A and vitamin D. When it is impossible to 
provide legume hay for swine in dry lot during the winter, it may be 
advisable to feed a cod-liver oil concentrate or some other vitamin A and 
D supplement. However, this should be done only when legume hay is 
not available. (1298) 

1397. Amount of legume hay to use. — As has been stated in the 
previous chapter, at least 10 to 15 per cent of legume hay should be 
included in the rations of brood sows that are not on pasture. (1298) 
If the legume hay is of good quality, sows will generally eat enough 
of it when it is fed, uncut, in a rack. 

The proportion of legume hay should be less for pigs, because their 
digestive tracts cannot utilize as large a proportion of hay as the 
digestive systems of more mature swine. No more than 4 to 5 per cent 
of good legume hay need be included in the rations of pigs not on 
pasture to protect them amply against vitamin deficiencies. If pigs are 
forced to eat a much larger proportion of hay than this the rate of gain 
will generally be decreased and the gains will be less economical.^®^ 
Pigs can, however, be allowed to eat as much legume hay as they will 
take if it is fed separately in a rack. 

• When pigs are fed a mixture of ground grain and protein supple- 
ments, 4 to 5 lbs. of the chopped or ground legume hay should be in- 
cluded in each 100 lbs. of the mixture. If the pigs are self-fed shelled 
com or hand-fed all the ear com they will eat, the safest way of 
supplying the legume hay is to self-feed them the trio mixture developed 
by the author and associates at the Wisconsin Station, or to use one of 
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the modifications of this mixture. (1341) The trio mixture consists of 
50 lbs. tankage, 25 lbs. linseed meal, and 25 lbs. legume hay. (^s has 
been pointed out previously, various changes can be made in this mix* 
ture. For example, fish meal may be substituted for the tankage, and 
soybean oil meal or cottonseed meal for the linseed meal.) 

Sometimes supplemental mixtures are used which contain less than 
25 per cent of legume hay, but the author believes this is unwise. The 
primary purpose of using the legume hay is to make sure that there will 
be no deficiency of vitamin A or vitamin D. Since legume hay varies 
rather widely in vitamin content, the only safe plan is to include suf* 
ficient hay in the mixture to provide ample protection under any usual 
conditions. 

If alfalfa hay of excellent quality is available (preferably second 
or third cutting), even young pigs will generally eat a sufficient amount 
of the hay to protect them against vitamin deficiency when it is fed 
uncut in a rack.^°® However, unless the hay is really of first quality, 
they will often take an insufficient amount of The author there- 
fore prefers to include 4 to 5 per cent of chopped or ground hay in the 
rations of pigs fed in dry lot during the winter, for there will then be 
no danger of the pigs consuming an insufficient proportion of the hay 
to protect them against disaster. 

In the case of other legume hay, such as red clover or soybean, it 
is more necessary to mix the proper proportion of chopped or ground 
hay tvith other feeds, for pigs will often eat but little of it when it is 
fed in a rack. 

If there are no facilities on the farm for chopping or grinding 
legume hay, the leaves and chaif which accumulate where the hay is 
pitched from the mow may be used instead. Such material usually 
contains some long stems, and it is therefore not very satisfactory for 
use in a concentrate mixture that is to be self-fed, for these stems may 
clog the self-feeder. 

1398. Adding alfalfa hay to grain and tankage. — That it is highly 
advantageous to add alfalfa hay to such a ration as grain and tankage 
for young pigs not on pasture is clearly shown by the following table. 


Adding alfalfa hay to yellow corn and tankage in dry lot 


Average ration 

Lot I, no hay 

Tankage, 0.46 lb. Corn, 4.40 lbs, 


Daily Feed for 100 lbs. gain 


gain 

Corn 

Tankage Alfalfa hay 

Lbs. 

Lbs. 

Lbs. Lbs. 

1.16 

383 

41 


Lot II, fed alfalfa hay 
Alfalfa hay, 021 lb. 

Tankage, 0.45 lb. Corn, 4.57 lbs 1*26 365 36 16 

This table gives the results of 8 experiments in each of which one lot 
of pigs has been self-fed yellow com and tankage while another lot has 
received alfalfa hay in addition. In these trials the pigs were fed in 
dry lot from an average weight of 62 lbs. until they reached market 
weights of approximately 200 lbs. The alfalfa hay fed to Lot II in these 
experiments formed 4 per cent of the total ration, on the average. 
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The addition of alfalfa hay to the ration of yellow corn and tankage 
increased the average daily gain from 1.16 lbs. to 1.26 lbs. and also 
reduced the amount of feed required per 100 lbs. gain. In these trials 
each 100 lbs. of alfalfa hay saved 112 lbs. corn plus 31 lbs. tankage, 
which is really a remarkable showing. With corn at $20 and tankage 
at $60 a ton, alfalfa hay would have a value of $41 per ton, without 
giving it any credit for the increase in rate of gain. This shows clearly 
the decided advantage from providing legume hay for pigs fed such 
a ration as yellow corn and tankage in dry lot. 

If any other grain than yellow com had been fed in these experi- 
ments, the addition of alfalfa hay would have been even more beneficial, 
for many of the pigs fed grain and tankage, without alfalfa hay, would 
have been injured by the deficiency of vitamin A. Also, if the pigs 
had been started on the trials immediately after weaning, those ff^d 
yellow com and tankage would not have made as creditable gains as 
were made by these 62-lb. pigs. The younger the pigs are when they 
are put in dry lot, without fresh, green feed, the greater will be the 
advantage in supplying them with good legume hay. 

It should, however, not be concluded from these statements that 
it is not advantageous to add alfalfa hay to corn and tankage for pigs 
in dry lot that are already well-grown when put on this ration. The 
contrary is shown by the results of 8 similar experiments with pigs 
that averaged 110 lbs. in weight at the start.^^^ In these tests the well- 
grown pigs fed corn (chiefly yellow corn) and tankage in dry lot gained 
an average of 1.37 lbs. per head daily while those fed alfalfa hay in 
addition gained 1.50 lbs. Each 100 lbs. of alfalfa hay actually saved 
211 lbs. com (but no tankage) in these trials, giving the hay fully as 
high a value per ton as in the experiments with younger pigs that have 
been previously summarized. 

It should be emphasized that even a ration of corn, tankage, and 
alfalfa hay is not quite ideal for young pigs in dry lot. As has been 
shown previously in this chapter, still better results will be secured from 
the trio supplemental mixture or similar combinations of protein supple- 
ments. (13^) 

There is the same general advantage in adding legume hay to 
rations of grain and other supplements that there is in the case of corn 
and tankage, except when com is fed with a kind of fish meal which 
has goodly amounts of vitamin A and vitamin D. For example, when 
any grain except yellow com is fed with skimmilk, buttermilk, or whey 
to young pigs not on pasture, disaster may occur from a lack of vitamin 
A. Such trouble can readily be prevented by the use of well-cured 
legume hay. 

It was found in 3 Wisconsin trials that it was even beneficial to 
add le^me hay to a ration of yellow corn and skimmilk.*^* In these 
tests pigs fed yellow com and skimmilk from shortly after weaning up 
to market weights gained an average of 1.03 lbs. per head daily. Others 
fed 0.20 lb. alfalfa hay a day gained I.ll lbs. Pigs in a third lot, fed 
not only alfalfa hay but also 0.21 lb. linseed meal in addition to the' 
yellow com and skimmilk, gained 1.14 lbs. a day, with a feed cost per 
100 lbs. gain of 24 cents less than for the pigs fed only corn and 
skimmilk* 
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1899. Alfalfa hay as the only supplement to grain. — ^Alfalfa hay 
is fairly rich in protein, and the protein is also of such quality that 
it helps to correct the deficiencies in the proteins of the grains. The 
question therefore arises as to whether alfalfa hay is satisfactory when 
used as the only protein supplement to the grains in swine feeding. 
It is shown in the following chapter that a ration consisting only of 
legume hay and grain is satisfactory for wintering pregnant sows a 
year of age or more, if the hay is of excellent quality. (1409) For 
younger sows during pregnancy and also for all sows when they are 
suckling their pigs, a small amount of a more concentrated protein 
supplement should be added to the ration. 

Growing and fattening pigs have less capacity to consume hay than 
have older swine. Also, their needs for protein are relatively large. While 
the addition of alfalfa hay to a full feed of corn for pigs will produce 
much better results than com alone, the gains are much less rapid and 
also less economical than when a more coneentrated and more efficient 
protein supplement is fed in addition. 

For example, in 14 experiments well-grown pigs, averaging 102 
lbs. in weight at the start gained but 1.08 lbs. per head daily on a full 
feed of corn supplemented by only alfalfa hay.^^® Others fed corn and 
tankage, with no alfalfa hay, gained 1.51 lbs. a day and required con- 
siderably less feed per 100 lbs. gain. In these trials each 100 lbs. of 
tankage replaced 194 lbs. com plus 174 lbs. of hay, without considering 
the large increase in rate of gain. 

As has just been shown, still better results would have been secured 
with these pigs fed in dry lot, if alfalfa hay had been added to the 
ration of com and tankage. Also, if the pigs fed only com and alfalfa 
hay had not been well-grown when placed on this ration the results 
would not have been nearly so good as were secured in these tests.*^^ 
Young pigs need very much more protein than is provided by a ration 
consisting only of com and excellent alfalfa hay. 

It has been shown in the previous chapter that alfalfa hay produces 
somewhat better results when fed as the only protein supplement to the 
grains that are higher than*corn in protein. (1285) However, unless 
efficient protein supplements are unusually high in price in comparison 
with grain and hay, it is usually economical to add such a supplement 
to a ration of alfalfa hay and a full-feed of barley, wheat, oats, kafir, or 
rye, especially for pigs under 100 to 125 lbs. in weight.^^® 

1400. Alfalfa leaf meal; alfalfa stem meal. — There is no need of 
going to the expense of using alfalfa leaf meal instead of alfalfa hay or 
alfalfa meal (ground alfalfa hay) as a vitamin supplement for pigs in 
dry lot. Alfalfa leaf meal has a somewhat higher value per ton than 
alfalfa meal or alfalfa hay, but there is not usually sufficient difference 
in the value for pigs to offset the higher cost of the alfalfa leaf meal.^^® 

Alfalfa stem meal should not be used as a substitute for alfalfa hay 
or alfalfa meal in protecting swine in dry lot against vitamin deficien- 
cies.*^^ Since it is composed chiefly of alfalfa stems, it is much lower 
than leafy alfalfa hay in vitamins and protein. 

1401. Other legume hay. — When alfalfa hay is not available, other 
legume hay of good quality may be substituted for it in swine feeding. 
However, most other kinds of legume hay are somewhat less palatable 



910 


FEEDS AND FEEDING 


to swine than good alfalfa hay. When such hay is fed separately in a 
rack, swine are therefore less apt to eat a sufficient amount of it to 
protect them against a lack of vitamin A or vitamin D. It is therefore 
more frequently necessary with other legume hay to mix the chopped 
or ground hay with other feeds, so as to make sure that enough is 
consumed. 

Red clover hay of good quality is a satisfactory substitute for alfalfa 
hay for pigs or for brood sows. In 5 Wisconsin experiments with pigs 
fed in dry lot excellent results were secured when chopped clover hay 
was substituted for chopped alfalfa hay in the trio or Wisconsin supple- 
mental mixture.^^® On the average, the gains were even a trifle more 
rapid and economical on the clover-hay mixture. In an Ohio test 
clover hay was likewise a satisfactory substitute for alfalfa hay in the 
trio mixture.^^® 

When used as the only supplement to grain for swine, clover hay 
is less efficient than alfalfa hay, for it is less palatable and lower in 
protein and iij calcium. 

Sweet clover hay of excellent quality was a satisfactory substitute 
for alfalfa hay in a Kansas test.^^® Excellent results were secured both 
when pigs in dry lot were self-fed corn, tankage, and sweet clover hay, 
free-choice, and when a supplemental mixture was self-fed which con- 
sisted of 75 lbs. tankage and 25 lbs. ground sweet clover hay. 

Soybean hay and cowpea hay were both satisfactory for brood sows 
in Arkansas trials, and soybean hay produced good results when added 
as a vitamin supplement to a ration of white corn and tankage in 
Alabama experiments.^^^ Chopped soybean hay was a good substitute 
for alfalfa hay in the trio supplemental mixture in Wisconsin tests with 
pigs in dry lot.^^^ 

Field pea hay was a good substitute for alfalfa hay in a Wyoming 
trial with brood sows, though not quite equal to alfalfa in value.^^® The 
sows consumed 1.9 lbs. of the field pea hay per head daily when it was 
fed uncut in a rack. 

Ground kudzu hay produced excellent results in an Alabama trial, 
when used for pigs in dry lot in a trio supplemental mixture consisting 
of 50 lbs. tankage, 25 lbs. cottonseed meal, and 25 lbs. of the ground 
kudzu hay.*^^ 


, QUESTIONS 

1. State the merits and the deficiencies of the cereal grains for swine feeding. 

2. Discuss the results of the experiments in which corn alone has been compared 
with corn and tankage for growing and fattening pigs. 

3. Under what conditions is white corn equal to yellow corn for swine feeding? 

4. What are the most economical forms in which to feed corn to growing and 
fattening pigs; to brood sows? 

5. Discuss the hogging down of corn. 

6. ^ What is the relative value for swine of the dry matter in soft corn and in 

mature corn? 

7. How does barley compare with corn in value for pigs? How should barley be 
prepared for swine? 

8. Discuss the use of oats in swine feeding, stating the manner in which oats should 
be fed to have the highest value. 

9. Is it generally advisable to hull oats for swine feeding? 
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10. Compare the values of wheat and corn for swine feeding. Should wheat be 
ground for swine? 

11. Discuss the use and value of any of the following that are important for swine 
in your district: (a) Rye; (b) grain sorghums; (c) hominy feed; (d) emmer; 
(e) rice, rice polish, and rice bran; (f) buckwheat; (g) oat mill feed; (h) 
molasses. 

12. What is the trio mixture? Why are the trio mixture and similar combinations 
superior to tankage or fish meal as the supplement to grain for young pigs in 
dry lot? 

13. In what different ways may the trio mixture and similar combinations be fed? 

14. State 2 combinations of protein supplements that are superior to tankage for 
pigs on pasture. 

15. Discuss the value of skimmilk and buttermilk for swine feeding. How should 
these dairy by-products be fed to securo the highest value from them? 

16. Why are not dried skimmilk, dried buttermilk, and condensed buttermilk used 
more often for swine feeding? 

17. Compare the composition of whey and skimmilk and their values for swine feeding. 

18. Discuss the use of tankage and meat scraps for swine feeding. 

19. Under what conditions would you use low-protein tankage for swine feeding? 

20. What is the relative value of meat scraps containing 50 to 55 per cent protein 
in comparison with that of digester tankage of 60-per-cent-protein grade? 

21. Compare the value of fish meal for swine feeding with that of tankage. 

22. State in detail how wheat standard middlings or brown shorts should be used 
in swine feeding. 

23. State the approximate value of the following for pigs in comparison with wheat 
standard middlings: (a) Wheat flour middlings or gray shorts; (b) wheat red 
dog flour or white shorts. 

24. How should wheat bran and wheat mixed feed be used in swine feeding? 

25. Discuss the use of linseed meal for swine. 

26. State in detail how cottonseed meal may be fed safely to swine. 

27. Under what conditions are raw soybeans satisfactory for swine' feeding? What 
are the limitations to the use of- cooked soybeans for pigs? 

28. Compare the usefulness and value of soybean oil meal and soybeans for swine. 
. What characteristics should soybean oil meal possess to be desirable for swine 

feeding? 

29. If any of the following are of importance for swine feeding in your section, 
discuss their use and value: (a) Peanuts; (b) peanut oil meal; (c) corn gluten 

,feed; (d) corn gluten meal; (e) corn oil meal and corn germ meal; (f) dis- 
. tillers’ dried grains; (g) distillery slop. 

30. State the merits of good pasture for swine. 

31. Summarize the most important facts concerning the feeding of protein supple- 
ments with grain to pigs on good pasture. 

32. What pasture crops would you use in your district to provide pasturage for 
swine over as great a part of the year as possible? 

33. State the merits and limitations of any of the following crops for swine pasture 
which are important in your district: (a) Alfalfa; (b) red clover; (c) sweet 
clover; (d) rape; (e) combinations including rape; (f) field peas; (g) soybeans; 
(h) cowpeas; (i) velvet beans; (j) permanent pasture; (k) the cereals; 
(1) Sudan grass. 

34. Why are not roots used to any appreciable extent for swine feeding in the 
United States? 

35. Discuss the importance of legume hay for swine not on pasture. 

36. How much legume hay should be included in the rations of pigs not on pasture; 
in the rations of brood sows not on pasture? 

37. What results have been secured in experiments where alfalfa hay has been added 
to a ration of corn and tankage for growing and fattening pigs? 
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38. Discuss the use of alfalfa hay as the only protein supplement to grain for swine 
feeding. 

39. Which would you purchase for use as a vitamin supplement in swine feeding, 
alfalfa meal, alfalfa leaf meal, or alfalfa stem meal? 

40. In addition to alfalfa hay, what other kinds of legume hay are suitable for 
swine feeding? 
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CHAPTER XXXVII 
FEEDING AND CARE OF SWINE 
I. The Breeding Herd 

1402. Selecting the brood sows and boar. — For efficiency in pork 
production, it is necessary, first of all, to have breeding stock of the 
right kind. The sows and boar should be of the proper type and con- 
formation to produce finished hogs that meet the present market de- 
mands. Also, they should be selected from strains of swine that excel 
in rapidity and economy of gains. Fully as important as these essentials, 
is the prolificacy of the sows and their ability to raise good-sized litters 
of pigs. 

It costs nearly as much to feed and care for a sow that raises a 
litter of only 3 to 5 pigs to weaning age as for one that raises 7 or 8 
pigs or more. Therefore to reduce the cost per pig at weaning time 
the sows must have large litters of thrifty pigs and also be good mothers, 
so they will raise nearly all of the pigs that they farrow. 

To build up an efficient herd it is necessary that the pigs be ear- 
notched or otherwise marked and that breeding records be kept. The 
unproductive sows can then be culled from the herd and replaced by 
gilts from the best sows. These will be the ones that are good mothers 
and raise large litters of pigs of good type which make rapid gains in 
weight. Such pigs generally produce pork much more economically than 
those which gain slowly. 

1403. Proper feed and care necessary for profits. — In securing a 
good profit from hogs nothing is of greater importance than proper 
feeding and care of the brood sows and boars. Every year thousands of 
farmers are grievously disappointed at farrowing time by seeing their 
possible profits vanish when the sows produce unsatisfactory litters. 

Either the number of pigs in the litters is small, or the pigs 
are so weak that many die or survive only to become unprofitable 
runts. In most cases such results are due to a lack of proper feed and 
care of the sows. Yet the needs of brood sows are relatively simple and 
easily met. 

The most important essentials in the feeding and care of brood sows 
are: (1) Efficient rations that fully meet their nutrient requirements; 
(2) rations that are laxative, instead of constipating; (3) the right 
amount of feed — ^not too much or the sows will get too fat; (4) plenty of 
exercise; (5) comfortable, sanitary quarters, with proper guard rails in 
the pens to protect the young pigs; (6) freedom from lice and worms. 

1404. Efficient rations necessary. — In order to produce thrifty pigs 
brood sows must receive rations that provide a sufficient amount of 
protein and protein of the right quality, for developing the bodies of 
the unborn pigs in addition to meeting the needs of the sow. An ade- 
quate amount of minerals, especially of calcium and phosphorus, is also 
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essential, as well as a plentiful supply of vitamins A and D. These 
nutritive requirements have been discussed in detail in Chapter XXXV. 
If sows are not properly fed, they cannot be expected to produce large 
litters of vigorous pigs. Also, when sows are fed inadequately during 
pregnancy, there is sometimes a tendency for them to kill and eat their 
young pigs. 

The supply of total digestible nutrients in the rations of sows during 
pregnancy should be ample to meet the needs for maintaining their own 
bodies and for the storage of nutrients in the fetuses. Therefore they 
must be fed amounts of grain or other concentrates sufficient to keep 
them in thrifty, vigorous condition. On the other hand, care must be 
taken not to feed them too liberally during this period, or they will 
become over-fat, which will tend to increase the difficulties at farrowing 
time. Also, fat sows are so clumsy that they are much more apt to 
kill some of their pigs by carelessly lying on them. 

During the suckling period, brood sows must be fed more liberally 
than during pregnancy, for they then need additional nutrients for the 
production of a good flow of milk. Not only should they receive more 
grain, to furnish the necessary total digestible nutrients and energy, but 
also the supply of protein, calcium, phosphorus, and vitamins must be 
considerably greater, since milk is rich in these nutrients. 

Because of the large amounts of nutrients needed in milk produc- 
tion, sows that are good milk producers will lose much weight while 
nursing their litters, even when they are fed liberally. This means that 
the amount of nutrients they can assimilate from their feed is insufficient 
to furnish the nutrients in the milk, and therefore they draw temporarily 
on the store in their bodies. 

1405. Rations for pregnant sows. — Corn or other grain ordinarily 
forms the chief part of the ration for sows during pregnancy and also 
during the suckling period. In addition, they should be fed adequate 
amounts of suitable supplements to provide the needed protein, calcium, 
phosi>horus, vitamin A and vitamin D. 

In the proper feeding of brood sows nothing is more important 
than providing good pasture during just as much of the year as pos- 
sible, and furnishing them with an abundance of well-cured legume hay 
when pasture is not available. Good pasture and legume hay not only 
aid in supplying protein of good quality, as well as calcium and phos- 
phorus, but, still more important, these feeds amply take care of the 
vitamin requirements. In addition, as is mentioned later, green forage 
and pasture apparently provide other essentials concerning which but 
little is yet known. 

In addition to grain and either pasture or legume hay, it is advis- 
able to provide pregnant sows with a small amount of an efficient protein 
supplement. This is particularly beneficial in the case of young sows. 
Sows that are suckling pigs should always be fed a protein supplement 
in addition to grain and either pfisture or legume hay, as they need a 
considerably larger proportion of protein. A supplement should be 
used that provides protein of proper quality to correct the deficiencies 
in the proteins of the cereal grains. As has been shown previously, 
such supplements as dairy by-products, tankage or meat scraps, &h 
meal, or soybean oil meal are excellent for this purpose. (1281) Mix- 
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tures of the animal by-products with such feeds as wheat middlings, 
wheat bran, linseed meal, or cottonseed meal are also excellent. 

The vitamin requirements of brood sows will generally be met fully 
if they are on good pasture or if they are fed sufficient well-cured 
legume hay. The use of mineral supplements is discussed in later 
paragraphs. (1415) 

In Appendix Table VII will be found examples of well-balanced, 
efficient rations for pregnant sows and also for those that are nursing 
litters. These will serve as a guide in feeding brood sows under condi- 
tions in various districts. In case of doubt as to whether any ration 
meets the requirements of brood sows for digestible protein and total 
digestible nutrients, it should be checked with the recommendations 
given in the Morrison feeding standards. (Appendix Table III.) 

Brood sows, as well as all other swine, should always be provided 
with plenty of clean, fresh water, as has been emphasized in Chapter 
XXXV. Where the winter climate is so cold that water soon freezes 
in a trough, a heated waterer should be provided or else water should 
be supplied by feeding a warm slop or pouring warm water over the 
concentrate mixture after it is distributed in the trough. 

1406. Importance of pasture for brood sows. — The great im- 
portance of good pasture for brood sows is strikingly shown by recent 
investigations at the Kansas and Missouri Stations. In these experi- 
ments sows produced pigs that were weak or they failed to provide an 
adequate supply of milk for their young when they were fed good 
rations but confined to the bam and paved outside exercise pens, so 
they had no green forage and no access to the soil.^ 

For example, in the Kansas experiments sows thus confined were 
fed a mixture of 75 lbs. yellow corn, 10 lbs. tankage, 10 lbs. alfalfa leaf 
meal, and 5 lbs. bone meal during pregnancy and when nursing their 
litters. Though this ration will produce excellent results under usual 
farm conditions where the sows have some pasture during most of the 
year, it was very unsatisfactory in these tests. Only 59 per cent of the 
live pigs that were farrowed lived to weaning time, most of the deaths 
occurring before the pigs were 10 days old. 

In the Missouri experiments green forage was very beneficial when 
added to such a ration. Including 20 per cent of wheat shorts in the 
ration, in addition to alfalfa meal, also improved the results decidedly. 

1407. Grain alone unsatisfactory for sows. — ^Experiments have 
proved that a ration of grain alone may be very unsatisfactory for 
pregnant sows, even when the grain is yellow com, which supplies 
vitamin A. In the case of gilts, the results from such a ration are apt 
to be disastrous, for the pigs are often weak and unthrifty and some 
may even be dead at birth. Supplementing the grain with bone meal 
helps somewhat, but does not make the ration adequate, especially for 
gilts. 

- For instance, gilts fed only yellow com and bone meal at the 
Indiana Station farrowed pigs that were dead or were so weak that they 
died within a day.* The results were somewhat better on a combination 
of yellow com, oats, and bone meal, but 36 per cent of the pigs were 
dead at birth or died within 3 days. On the other hand when 5 per 
cent of meat scraps was added to the ration, the sows farrowed twice 
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as many pigs, with only 13 per cent that were bom dead or died within. 
3 days. This ration would have been still further improved by the 
addition of legume hay. 

In experiments at the. Iowa and Kansas Stations corn alone was 
likewise inadequate for pregnant sows.® Similarly, investigations at 
the California Station have shown that barley must be supplemented 
with protein of good quality and with calcium and vitamins A and D, 
or the results will be disastrous.^ Likewise, in Oklahoma tests, sows fed 
kafir grain alone produced no strong pigs, and only half the pigs were 
strong when the sows were fed kafir and wheat shorts.® On the other 
hand, 81 per cent of the pigs were strong from sows fed a combination 
of kafir, oats, and tankage. 

Indiana experiments have shown that under certain conditions 
mature sows may produce fairly satisfactory litters when wintered on 
only yellow corn or a combination of two-thirds yellow corn and one- 
third oats.® In these tests the sows had been on good pasture during 
the summer, and hence had stores of vitamins and minerals in their 
bodies when the pasture season ended. Also, they were forced to take 
plenty of outdoor exercise and therefore were protected from a lack of 
vitamin D by exposure to sunlight. Finally, they were not allowed to 
become too fat by overfeeding of corn. In these experiments the sows 
were fed a well-balanced ration including tankage and wheat shorts 
after farrowing. Otherwise, they would have been unable to produce 
sufficient milk for their pigs. Under usual conditions it is advisable to 
provide legume hay in winter, even for mature sows, in order to protect 
them against a lack of vitamins and to aid in supplying protein and 
calcium. 

1408. Legume hay. — Legume hay excels in so many respects as a 
feed for pregnant sows, and furthermore, is so economical that a special 
effort should be made to supply it in winter when the sows are not on 
pasture. (1396) When choice, leafy alfalfa hay is used, the sows will 
usually eat a sufficient amount to produce the desired results if it is fed 
uncut in a simple slatted rack, preferably with a cover to keep out snow 
and rain. This, together with the feed troughs, should be put in the 
paddock at some distance from the hog barn or the colony house, so 
the sows will secure needed exercise in going to and fro. 

Clover hay is usually less palatable to sows than alfalfa, and conse- 
quently they will often eat relatively little of it when fed uncut in a rack, 
even if the allowance of concentrates is restricted. Whenever the sows fail 
to eat enough of the legume hay, it should, if possible, be chopped or 
ground and mixed with the concentrates. The hay may be chopped at 
small expense by running it through a silage or hay cutter, preferably 
equipped with an alfalfa screen. If no cutter is available, the leaves 
and chaff which accumulate where the hay is pitched from the mow may 
be gathered up and mixed with the concentrates. To get the sows to 
clean up such chaff it may be necessary to feed the mixture as a slop. 

A safe rule is to see that legume hay forms at least 10 to 15 per 
cent of the ration for sows in winter, and they may well be fed all 
they will eat in addition to a limited allowance of grain. 

But little study has been given to the relative value of the different 
kinds of legume hay for brood sows. In general, the value will depend 
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on the leafiness and palatability. Alfalfa hay exceis clover, because it 
is richer in both protein and calcium, as well as being liked better by 
swine. Soybean hay, cowpea hay, and other kinds of legume hay may 
also be used instead of alfalfa hay. (1401) 

Mature sows are sometimes wintered on alfalfa hay without any 
grain or other concentrates, but this is inadvisal^le, for they will then 
not make the desired gains in weight during pregnancy. Also, although 
the cost for feed up to farrowing time will be low, Pennsylvania experi- 
ments show that it will later be necessary to feed them with great 
liberality on concentrates to provide even a fair milk flow for their 
pigs."^ This will offset the saving in concentrates before farrowing. 

1409. Legume hay and grain for brood sows. — For wintering preg- 
nant sows a year old or more, a ration consisting of only grain and legume 
hay is satisfactory, providing the hay is of excellent quality. When 
leafy,' palatable alfalfa hay is fed to old sows, they will generally eat 
a pound or more per head daily, if the allowance of grain is strictly 
limited. ^ Under such conditions there may be little advantage in adding 
tankage "or similar protein supplements to the ration throughout the 
winter,® When the sows do not eat so much hay or if it is of only fair 
quality, then a protein supplement should be added.® This is especially 
important during the last 2 or 3 weeks before farrowing, when the 
growth of the unborn pigs is most rapid. 

In the case of pregnant gilts a small amount of a protein supple- 
ment, such as tankage, skimmilk, fish meal, or soybeans, had best be 
added to a ration of legume hay and grain. Because they are still 
making considerable growth, they need a larger proportion of protein 
in their ration than do older sows. 

The benefit from feeding such a supplement is shown by trials 
during 4 winters by the author and Bohstedt at the Wisconsin Station.^® 
Bach winter one lot of gilts, averaging 206 lbs. in weight at the start, 
was allowed access to good alfalfa hay in a rack and fed in addition 
enough ear com to make the desired gains. Another lot was fed simi- 
larly, except that they were given one-quarter to one-third pound of 
tankage per head daily, as shown in the following table : 


Alfalfa hay as only supplement vs, alfalfa plus tankage 



Daily 

No. of 

Av. wt. 

Proportion 

Feed cost 


gain 

pigs 

of 

of vigorous 

per head 



farrowed 

pigs 

pigs 

daily 


Lbs. 


Lbs. 

Per cent 

Cents 

Lot 1 






Alfalfa hay, 0.50 Ib. 

Ear corn, 5.2 lbs."** 

. . . 0.93 

7.12 

2.25 

80.8 

5.6 

Lot II 






Tankage, 0.30 lb. 
Alfalfa hay, 0.48 lb. 
Ear com, 4.7 lbs.* 

. . . . 1.00 

7.90 

2.34 

892 

5.5** 

*Ear com reduced to basis 

of No. 3 shelled 

corn. 




• **Creclitmg excess gain of 

Lot II over Lot 

I at 7 cents 

per lb. 




On the average, the gilts fed 0.3 lb. tankage in addition to ear corn 
and alfalfa hay made somewhat larger gains. Also, the average weight 
of the pigs at birth and the proportion of vigorous pigs were greater 
with this ration. When the additional gains of the gilts fed tankage 




Young Pigs Feeding in a Creep 
It is important to supply young pigs feed in addition to their mother s milk after 
they are 2 to 3 weeks old. (From Wisconsin Station.) 




Every Litter Needs Good Pasture 

Nothing is more important in swine raising than furnisiiing good pasture just as 
early as possible for the brood sows and their litters. 



Breaking Off the ^^Wolf^’ Teeth 

Commonly the most experienced breeders break off the “ wolf teeth, or temporal^ 
tusks, which pigs have at birth, to prevent lacerating the udder of the sow or wound 
ing the other pigs. See Page 697. (From Wisconsin Station.) 
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are credited at 7 cents per pound, the feed cost per head daily was a 
little less on this ration, with ear com at 56 cents a bushel and with 
tankage at $60 and alfalfa hay at $15 a ton. Thus, from all standpoints 
it was advisable under corn-belt conditions to add a small amount of a 
protein concentrate to the ration of corn and alfalfa hay. 

When much of the grain is barley, wheat, kafir, or oats instead of 
corn, there will be somewhat less advantage in adding a supplement 
such as tankage to a ration of grain and legume hay.^^ This is because 
these grains are considerably higher in protein content. 

If sows will eat a reasonable amount of legume hay when it is fed 
uncut in a rack, there is no advantage in chopping or grinding the hay 
and mixing it with the grain in order to get them to consume a larger 
proportion of hay. In a Nebraska trial it was found that even where 
alfalfa is cheap, the cost of wintering brood sows fed a mixture of half 
ground corn and half chopped alfalfa is greater than for sows fed shelled 
corn with alfalfa hay in racks.^^ 

1410. Protein supplements for brood sows. — Protein supplements 
of animal origin, such as tankage, meat scraps, dairy by-products, and 
fish meal, are of especially high value for brood sows, just as they are 
for pigs. (1281) Next to these feeds in quality of proteins come the 
legume hays and also soybean oil meal, peanuts, and peanut oil meal. 
Ideal winter rations for brood sows are furnished by combinations of 
grain and legume hay, along with small amounts of these efficient pro- 
tein supplements. 

If skimmilk or buttermilk is available for the sows, there is no 
better ration than grain and legume hay, plus 4 to 6 lbs. of either of 
these dairy by-products per head daily. There is no need whatsoever 
of adding purchased concentrates to such a ration, unless perhaps a 
little wheat bran or linseed meal shortly before farrowing, to ensure the 
sows being kept in a laxative condition. 

Whey is relatively low in protein, but nevertheless the protein it 
does contain is of such high efficiency that a ration of whey, grain, and 
legume hay will be satisfactory for sows. If legume hay is not fed, a 
small amount of a feed like linseed meal, wheat middlings, or wheat bran 
should be added to a ration of grain and whey, especially if the grain 
is corn. 

Such supplements as wheat middlings, wheat bran, and linseed meal 
are fairly satisfactory when the sows eat a considerable amount of good 
legume hay.^^ However, it is best to add to these rations a small al- 
lowance of one of the more efficient protein supplements. 

A ration consisting only of grain and grain by-products, with or 
without linseed meal, is unsafe for feeding over long periods to brood 
sows, even when .a mineral supplement is fed to make good the lack of 
calcium. Such a ration is seriously deficient in quality of protein and 
in vitamin D. Also, it will lack vitamin A unless the grain is yellow 
com. 

The poor results secured on a ration of this kind are well shown by 
Wisconsin experiments.^* In these trials sows were maintained for many 
months on com, oats, or barley, supplemented by only such protein-rich 
feeds as linseed meal, wheat middlings, or field peas, and with salt in 
addition and water rather high in calcium to drink. On such rations 



924 


FEEDS AND FEEDING 


the offspring tended to be small and weak, and when sows were kept on 
such feeds for successive gestation periods many of the pigs were born 
dead. Even when a mineral supplement supplying calcium and phos- 
phorus was added to a ration of yellow corn, linseed meal, and salt, to 
supply more calcium, the results were still poor. However, when 15 to 
25 per cent of alfalfa hay was included in the ration, normal litters 
were produced. 

. If sows have been on excellent pasture during the summer, they 
will have a considerable store of vitamins and minerals in their bodies 
when winter begins. This may enable them to produce normal litters 
when fed only grain and such protein supplements as wheat middlings 
or linseed meal during the winter. However, feeding such a ration 
is an unsafe practice, for the results may be poor, even under these 
conditions. * 

1411. Animal by-products as the only supplements. — Except from 
the standpoint of vitamins, such animal by-products as tankage, fish 
meal, apd skimmilk are ideal for brood sows. Therefore, if the sows have 
been on godd pasture during the summer and fall, and if they are out 
in the sunshine during the winter, they can usually produce satisfactory 
litters when fed only grain and such supplements during the winter. 

However, it is much safer and usually also cheaper to feed sows 
some well-cured legume hay in addition.^® This will ensure their re- 
ceiving sufficient vitamins A and D and will help to prevent constipation. 
As a result, the pigs will often be stronger and more thrifty than when 
no legume hay is supplied. Also, the addition of legume hay to the 
ration will generally reduce the feed bill for wintering the sows. 

1412. Grains for brood sows. — On account of its cheapness, corn 
is the chief grain fed to sows throughout the com belt. Due undoubtedly 
to the poor results secured when com is unwisely fed to brood sows 
without proper supplements, the statement is sometimes made that corn 
should not form over one-third to one-half the ration for brood sows, 
as it is ‘‘too fattening.’’ However, experiments have shown clearly 
that excellent results are secured when com is the only grain, if it is 
properly supplemented, and provided the allowance is strictly limited 
to the amount needed to keep the sows in thrifty condition without 
becoming too fat. 

For example, in 3 trials with gilts at the Wisconsin Station a con- 
centrate mixture which many breeders would consider about ideal was 
compared with the more simple ration of ear com, alfalfa hay fed in 
a rack, and 0.3 lb. tankage per head daily in addition.^® The concentrate 
mixture consisted of 35 lbs. ground corn, 30 lbs. ground oats, 30 lbs. 
wheat middlings, and 5 lbs. tankage. On the average, the gilts required 
5.5 lbs. of this mixture per head daily to keep them making the desired 
gain of about 0.9 lb. per head daily, while the other lot made a trifle 
larger gains on 4.5 lbs. coni (reduced to the basis of shelled corn), 0.3 
lb. tankage, and 0.4 lb. alfalfa hay. 

Thus, the gilts fed ear corn properly supplemented required 0.3 
lb. less feed per head daily, which would be expected from the fact that 
com is a more concentrated feed and richer in net energy than oats or 
middlings. With feeds at usual corn-belt prices, the daily cost of feed 
per sow was 30 per cent less on this ration. Still more important was 
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the fact that the farrowing results were even a trifle better than on the 
ration which contained 35 per cent of com. 

Where other cereals are cheaper than corn, pound for pound, they 
may often be used economically for brood sows. With the possible ex- 
ception of ground wheat, none of them is quite equal to corn in feeding 
value. 

In an Iowa trial ground barley, fed dry, was worth about 95 per 
cent as much as shelled corn per pound, when supplemented with alfalfa 
meal and a small amount of tankage.^^ Dry whole barley or soaked 
whole barley was worth only about 80 per cent as much as shelled 
com. 

Ground oats is excellent when used as part of the grain for brood 
sows, but it is worth less than com per 100 lbs., due to the lower con- 
tent of digestible nutrients.^® It has the highest value when it forms 
not more than one-third to one-half of the grain allowance. Oats are 
too bulky to be satisfactory as the only grain for gilts, but can be fed 
thus to older sows, along with legume hay. 

1413. Succulent feeds for brood sows. — The importance of pasture 
for brood sows has already been emphasized in this chapter, and the 
fact has been stressed that well-cured legume hay is the best and most 
economical substitute for pasture. 

Formerly, roots and tubers were widely advocated for the feed- 
ing of brood sows. We now know, however, that roots and tubers do 
not have the nutritive merits of legume hay. They are low in protein, 
calcium, and phosphorus ; they supply little or no vitamin D ; and with 
the exception of carrots, sweet potatoes, and yellow rutabagas, they are 
deflcient in vitamin A. It is evident, therefore, that roots or tubers are 
poor substitutes for pasture or for legume hay. (1394) 

To find whether there was any advantage in adding roots to well- 
balanced rations including alfalfa or clover hay, experiments were con- 
ducted during 4 winters at the Wisconsin Station.^® Either sugar- 
mangels or yellow carrots were added to a ration of com, tankage, and 
alfalfa hay, or to a ration consisting of clover hay and a concentrate 
mixture of barley, oats, wheat middlings, and linseed meal. Gilts, 
yearlings, and aged sows were used in the various trials. Contrary to 
what some swine breeders would have predicted, in no case did the 
addition of roots to these rations result in larger or more thrifty pigs. 
Furthermore, roots proved to be decidedly uneconomical under com 
belt conditions, for in no case was their actual feeding value as high 
as $4.00 per ton, with com at 56 cents a bushel and other feeds at cor- 
responding prices. 

In a Montana trial sugar beets were worth slightly less than half 
as much as alfalfa hay when sows were fed hull-less barley and either 
sugar beets or hay.^® 

Silage is not a satisfactory feed for brood sows, for they will usually 
eat only the com grain, leaving most of the forage. 

1414. Salt. — Brood sows should always be provided regularly with 
salt. (1289) The best plan is to let them have access to it in a suitable 
box, where they can take what they wish. 

In an Iowa test the rock salt consumption was determined of year- 
lliig gilts fed during the winter on various forms of com with wheat 



926 


FEEDS AND FEEDING 


standard middlings, linseed meal, and tankage.^^ The average amount 
of salt ranged from one-twentieth ounce per head daily for the sows 
fed shelled com to one-fourth ounce for those fed ear com. 

1416. Other mineral supplements. — Whether or not it will be bene- 
ficial to supply any mineral supplement other than salt for brood sows 
will depend entirely on the ration that is fed, as has been emphasized 
in Chapter XXXV. (1290) In sections where there is trouble from 
goiter, or hairlessness, in new-born pigs, iodine should always be sup- 
plied the sows during at least the last 12 weeks of pregnancy. (1292) 

When sows are fed such animal by-products as skimmilk, tankage, 
meat scraps, or fish meal and in addition are on pasture or are supplied 
with plenty of well-cured legume hay, there is generally no need to 
add other mineral supplements to provide calcium and phosphorus. 
This is shown by Wisconsin experiments in which gilts were started 
on the trials in early summer when weighing 60 to 70 lbs. and were 
continued on the experiments during the summer and the following 
winter and spring.^^ 

Each "year one lot of gilts was fed a well-balanced concentrate 
mixture of corn, oats, wheat middlings, linseed meal and tankage, with 
no mineral supplement except salt: During the summer the gilts were 
on good pasture and during the winter they had access to well-cured 
alfalfa hay in a rack. This check lot was thus fed merely a modern 
efficient ration, made of ordinary feeds. Another lot of gilts was similar- 
ly fed each year, except that 2 lbs. of steamed bone meal were mixed 
with each 100 lbs. of the concentrate mixture. A third lot received 
ground limestone instead of bone meal. 

Neither during the pasture season nor during the winter period 
was there any advantage, so far as rate or economy of gains was con- 
cerned, from the addition of the bone meal or the ground limestone. 
Also, the pigs from the gilts fed no mineral supplement except salt 
were just as large and just as thrifty as those from the gilts fed bone 
meal or ground limestone. There was hence no benefit from adding 
these mineral supplements to this excellent, well-balanced ration, which 
already contained plenty of calcium and phosphorus. 

Likewise, in an Iowa experiment a mineral mixture supplying cal- 
cium and phosphorus produced no benefit when added to a ration of 
com, oats, and 0.3 lb. tankage per head daily for young gilts being 
raised on good pasture.^ 

" When less complete rations than these are fed it is wise to allow 
sows access to a mineral mixture supplying calcium and phosphorus. 
One of the simple mineral mixtures recommended previously will prob- 
ably give just as good results as a more complex and expensive mix- 
ture. (181-182, 1295) If a ration is used which is low either in cal- 
cium or phosphorus, it is very important to add a supplement that will 
correct this lack. Unless this is done, the sows may suffer themselves 
froia. the deficiency and are apt to produce unsatisfactory litters.^* 
(1291) 

1416. Amount of concentrates to feed pregnant sows. — ^It is just as 
important not to overfeed pregnant sows as it is to feed them a 
well-balanced ration. If they become too fat, they are apt to have weak 
pigs, and they may be restless and clumsy at farrowing time and then 
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kill their pigs. When sows are too fat at breeding time, they may even 
fail to conceive.^® On the other hand, a sow which is too thin lacks the 
reserve energy necessary to nourish her pigs properly before and after 
birth. 

A mature sow which is in vigorous, active condition at the begin- 
ning of the breeding season in the fall should be fed so as to gain 75 
to 85 lbs. by farrowing time in the spring. This will about cover the 
loss in weight which will occur at farrowing and while she is nursing 
her pigs. More of this gain should be made during the last 4 to 6 weeks 
of the gestation period than during the first part, for most of the growth 
of the unborn litter occurs then. 

If mature sows are fed plenty of legume hay, about 0.8 to 1 lb. of 
concentrates daily per 100 lbs. of live weight will be sufficient during 
the first 10 to 12 weeks, and from 1.2 to 1.3 lbs. during the laSt 4 to 
6 weeks of the gestation period.^® Sows will eat much more feed than 
this if it is supplied, and they will usually squeal lustily for a more 
liberal allowance. One must therefore not pay any attention to their 
desires, but feed only enough to keep them at the proper weights and 
in the desired condition. It pleases an experienced hog raiser to see 
his sows industriously hunting for the last grains of com, for he knows 
that they are securing the exercise which is so essential for a good 
pig crop. Furthermore, he knows that his feed bill will be much less 
than if he had allowed mistaken generosity to rule in feeding the sows. 

Yearlings and especially gilts should receive more concentrates in 
proportion to their live weight, in order to provide for their growth. 
As a rule an average allowance of 1.4 to 1.6 lbs. concentrates daily 
per 100 lbs. live weight in addition to legume hay will be plenty for 
yearlings, and 1,6 to 1.7 lbs. daily per 100 lbs. live weight for gilts. 

When a number of sows are kept on the farm, it pays to sort them 
into two or more lots, depending on age, condition, and disposition. 
The amount of feed for each lot can then be regulated so that all the 
sows are kept in the proper condition. 

1417. Methods of feeding brood sows. — Pregnant brood sows are 
ordinarily hand-fed the amount of concentrates they need. Occasionally, 
they are fed by means of a self-feeder. Chopped or ground legume hay 
or other bulky feeds such as oat mill feed then must be mixed with 
the grain or other concentrates, so that the sows will not eat too much 
concentrates and get too fat. 

In some experiments satisfactory results have been secured when 
pregnant sows have been self-fed such mixtures, but in other tests hand 
feeding has been decidedly preferable. It is shown later that self- 
feeding is a very satisfactory method for feeding sows with litters, 
because the sows then need a liberal amount of concentrates. (1431) 

In Nebraska trials mature pregnant sows were successfully win- 
tered by self-feeding a mixture of 3 parts by weight of chopped alfalfa 
hay and 1 part of ground com.^^ However, in 3 Wisconsin trials feed- 
ing gilts ear corn with a little tankage and with alfalfa hay in a rack 
proved decidedly preferable to self-feeding a mixture of chopped alfalfa 
and ground corn, with tankage self-fed separately.^® The sows did not 
over eat on tankage, but there was much difficulty in shifting the pro- 
portions of alfalfa and com to keep them in the desired condition. As 



928 


FEEDS AND FEEDING 


a rule 30 to 40 per cent of the mixture consisted of chopped alfalfa. 
For older sows the proportion of hay should be larger. 

In Texas experiments in which various methods of feeding brood 
sows were compared, excellent results were secured when sows were 
fed the entire daily allowance in the morning at one feeding, instead of 
feeding them twice a day, as is usual.^® 

It is often recommended that brood sows be fed their concentrates in 
the form of a slop. In certain cases there may be some advantage 
in this. For example, sometimes sows waste much of a fine concentrate 
mixture when fed in a trough. This may be avoided by slop feeding or 
by the more sanitary and convenient plan of first putting the concen- 
trate mixture in the trough and then pouring in some water. In very 
cold weather pouring warm water on the concentrate mixture in this 
manneflp or feeding warm slop induces the sows to take more water than 
they would otherwise. (1312) 

Some years ago the slop or swill feeding of hogs was very common, 
and too often the barrel in which the slop was mixed was far from sani- 
tary. Progressive pork producers have found that the results are just 
as good or even better when they use a more cleanly and more conven- 
ient method of feeding. 

1418. Exercise ; shelter. — It has already been stressed in this chap- 
ter that sows should be on good pasture during as much of the year as 
possible. When pasture is not available, they should be induced to 
take plenty of exercise. In the com belt a common practice in the fall 
is to turn the brood sows into the corn fields after the com has been 
gathered, to pick up any scattered ears. This not only provides an 
abundance of exercise but also utilizes feed that would otherwise be 
wasted. 

During the winter it is a good plan to feed the sows at some dis- 
tance from their sleeping quarters. If there is at this place a rack 
with choice legume hay, the sows will make many trips back and forth 
each day. When sows are fed ear com and the allowance is properly 
limited, they will spend considerable time searching for the last kernels, 
and the longer they can be kept on their feet, the better it is for their 
health. If a ground concentrate mixture is fed, it is often a good plan 
to scatter a little shelled com, whole oats, or sheaf oats on the ground 
for the sows to work over. Sows heavy in pig should not be compelled 
to plow through snowdrifts, but paths should be made for them. Ashes 
or sand should be sprinkled on icy places, else they may slip and wrench 
themselves, which may result in abortion. 

The benefits from outdoor exercise for brood sows during the winter 
are shown by Indiana and Kansas tests.^® In an Indiana trial the pigs 
from gills that had been allowed to roam in a pasture field were more 
vigorous than those from gilts that had been kept in a small lot. In 
the Kansas test when sows were fed com alone and were confined with- 
out ^exercise several pigs were bom dead and the others were weak. 
On the other hand, the results were much better from sows fed similarly, 
but allowed exercise and access to dirt, which undoubtedly helped cor- 
rect the mineral deficiencies in com. Liberal exercise was also decidedly 
beneficial to sows fed grain alone in Indiana trials. 

Becent Kansas and Missouri investigations indicate that the bene- 
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ficial effect of outdoor exercise for sows may be largely due to the dirt 
or green forage they get and to the exposure to the sunlight, rather 
than to the actual exercise they take.®^ 

The shelter requirements for the various classes of swine are dis- 
cussed in Chapter XXXV. (1315) 

1419. Summer care of brood sows. — If good pasture is provided, 
the problem of feeding brood sows in summer after the spring litters 
are weaned is easily solved. Where sows raise but one litter of pigs a 
year, they need little or no concentrates in summer, if they are on such 
first-class pasture as alfalfa, clover, or rape. Enough grain should be 
given to keep the sows in thrifty condition, and in any event they 
should get some grain for two or three weeks before breeding time in 
the fall. 

On such protein-rich pasture only a small amount of protein supple- 
ment is needed to balance the ration, even when corn or milo grain, 
both of which are lower in protein than the other common cereals, is 
fed. For example, dry sows on alfalfa, clover, or rape pasture will do 
well on com with no more than 4 to 5 per cent by weight of tankage, 
or on equal weights of com and either skimmilk or buttermilk. When 
barley, oats, or wheat is fed, little supplement, if any, is needed when 
the pasture is first class. 

Where sows raise two litters a year, they will need more concen- 
trates in addition to pasture, due to the added draft on their bodies. 
They should be fed so as to make about the same gains as recommended 
for sows in winter. 

1420. The sows at breeding time. — Sows are in the best condition 
for breeding when they are not fat, but are gaining in weight. About 
two weeks before breeding starts, the sows should be ‘^flushed,'’ just as 
in the case of ewes. (1233) This means increasing their feed so they 
will gain 0.50 to 0.75 lb. a day. Sows thus treated are more apt to have 
large litters, and they also come in heat more promptly and are more 
apt to become pregnant from the first breeding. 

The ration at this time should be similar to that fed during the 
gestation period and should contain a protein supplement. If possible, 
the sows should always be on pasture at this season. 

Sows usually remain in heat about 3 to 4 days, and if not bred will 
return in heat at intervals of about 21 days. In Missouri trials larger 
litters were produced when sows were bred about 30 hours after the 
beginning of heat than when they were bred either when they first came 
in heat or at the end of the period.** 

1421. The boar. — The feed and care of the boar do not differ 
materially from that of the sows. The boar should be kept in thrifty 
condition, neither too fat nor run down in flesh, as either extreme may 
injure his breeding powers. In summer he should be kept in a lot 
where there is good pasture, and in winter he should have the freedom 
of a paddock of sufficient size so that he will get abundant exercise. A 
good plan is to have a small colony house for shelter at one end of the 
lot, and to feed the boar at the other end. 

The most common mistake made in feeding boars is to overfeed 
them and get them so fat that their breeding powers are seriously in- 
jured. Except during the breeding season when more feed is required. 
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about 1 lb. of concentrates daily per 100 lbs. live weight is sufficient in 
summer for fairly mature boars on good pasture. A little more con- 
centrates will be needed in winter. Young boars should be fed suf- 
ficient to keep them growing thriftily. 

Two weeks before the breeding season starts, the ration should be 
increased somewhat, so the boar will be gaining in weight when service 
begins. The amount of concentrates to be fed during the breeding 
season will depend on how much the boar is used. In general, he should 
be fed enough to prevent his losing much weight. Many breeders prefer 
not to feed much com to boars at this time, but to use instead concen- 
trate mixtures made up of farm grains and a considerable proportion 
of protein supplements, such as wheat middlings or bran, linseed meal, 
tankage, and chopped legume hay. 

A boar should not be used for breeding until he is 8 months of age, 
and then he should preferably not breed more than one sow a day and 
12 to 15 in a season. When a boar is allowed to serve each sow only 
once, as is by far the best practice, a yearling boar can breed 25 to 30 
sows in tlie breeding season, if the services are well distributed. A 
2-year-old can take care of 50 to 60 sows, if properly cared for. In 
breeding gilts or small sows to a mature boar, a breeding crate can be 
used to advantage. 

1422. Gestation period; breeding studies. — The average gestation 
period of sows is given as 112 to 115 days. The average period was 
114.6 days for sows of various breeds in Illinois stiidics and 115 days in 
North Dakota tests.^^ About three-fourths of the Illinois sows farrowed 
between the 113th and 117th day. 

In these studies and also in Missouri trials the length of the ges- 
tation period was not affected by the age of the sow.^^ Also, in the 
Missouri experiments the size of the sow or liberal or scanty feeding 
did not affect the length of gestation. 

The proportion of male pigs is slightly greater than of females. 
In the Illinois studies 51.9 per cent were males, and in the North Dakota 
tests 52,3 per cent. The average number of pigs per litter was 8.1 
in the Illinois records, which were obtained before the development 
of the large-type lard hogs, while there were 9.6 pigs per litter in the 
North Dakota records, which were largely obtained with the modern 
types of swine. 

The boar probably does not have any appreciable influence on the 
number of pigs in the litter, unless he is approaching sterility On 
the other hand, he does have an influence on the number of pigs his 
daughters produce. 

A sow that produces a small number of pigs in her first and second 
litters will tend to have a small number in subsequent litters.®® The 
second litter is a somewhat better basis of selection than the first litter, 
in which the number of pigs is more variable. 

..The light pigs in a litter usually make less rapid and less economical 
gains than those that are of average size or heavier.®^ If there are 
runts in a large litter, it is best to kill them rather than to waste feed 
and care upon them. 

1423. Gilts vs. older sows. — It is well known that gilts have fewer 
pigs in their litters than do older sows. For instance, in tests at the 
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North Dakota Station 210 gilts farrowed an average of 8.6 pigs in 
their first litters, and raised an average of 5.8 pigs while 319 older 
sows farrowed an average of 10.9 pigs and raised an average of 8.0.^* 
In these tests the percentage that was raised of the live pigs farrowed 
was slightly higher for the older sows than for the gilts. This may 
have been due to wise culling of the sows that proved to be poor 
mothers when they were gilts. 

The pigs from gilts average slightly smaller in weight at 'birth 
than those from older sows and also tend to make somewhat less rapid 
gains. Thus, in Wisconsin studies the average birth weight of 972 pigs 
farrowed by gilts was 2.35 lbs. and of 1,344 pigs farrowed by older sows 
2.55 Ibs.^® When the pigs were 98 days old there was a difference of 
9.4 lbs. in weight in favor of the pigs from the older sows. 

Practical hog men differ widely in their opinions concerning the 
relative economy of proven older sows and of gilts for pork production. 
All admit that older sows raise somewhat larger litters of pigs and that 
their pigs tend to make slightly more rapid gains. However, gilts 
have certain advantages, as well. Their chief superiority is that they 
are continuing to grow and appreciate in value for pork while they are 
producing their pigs. Also, due to their greater smoothness and lighter 
weight after raising one litter of pigs, they usually sell at a higher 
price on the market than do older sows. 

In a study on central Illinois farms of the cost of producing pork, 
it was concluded that there was little choice between gilts and tried 
older sows except when the price of pork was sufficiently favorable 
so that the gain in weight of the gilts could be sold at a decided prof- 
it.^® It should be borne in mind, however, that even young fat sows, 
after raising their first litters, commonly sell at a considerable discount 
from the price of fat pigs. 

The Illinois studies show clearly that when spring-farrowing sows 
are retained in the breeding herd for further litters, it is unprofitable 
to raise only one litter a year from them. As many of them as possible 
should be bred for fall litters in the two-litter method of pork produc- 
tion described later. (1436) 

The breeder of purebred swine should certainly not rely chiefly 
on gilts for his breeding herd. Sows which produce especially good 
litters and which are good milkers and careful mothers should be re- 
tained as long as they are useful. Only the offspring from such proven 
mothers should be chosen for replacements. By such selection much 
can be done to build up a herd which is much more profitable than the 
average. Unless there is some very good reason to expect better returns 
in the future, one should discard a sow raising a litter of less than 5 
pigs, or one which is vicious with her pigs, in spite of being properly 
fed and cared for. A sow that can save and raise 8 good pigs is an 
excellent producer and should be retained. 

1424. Preparations for farrowing. — Even if the sows have been 
properly fed and cared for during pregnancy, heavy losses may occur 
among the young pigs at farrowing time, unless attention is given to 
certain necessary details. Lack of care at this critical time results in 
many pigs being lost through disease or parasites, or from being lain 
on by the sows. It has been estimated that in some seasons 40 per cent 
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of the pigs farrowed in the com belt perish from these causes^ all of 
which may largely be prevented by the right care and management. 

At least 3 days before she is to farrow, each sow should be removed 
from the herd and placed in a separate farrowing pen. This allows her 
to become accustomed to her surroundings and to the presence of the 
herdsman, so she will be more quiet when farrowing. If the breeding 
dates have not been recorded, the sows should be watched closely as 
the farrowing season approaches, and each sow should be put in a 
farrowing pen as soon as the udder and teats begin to fill. After a 
sow starts to arrange her nest, she may be expected to farrow within 
12 hours. Recording the breeding date is highly important where the 
litters come before the weather is warm, for otherwise sows will often 
farrow before they are expected, and their litters may perish from cold 
or lack of proper care. 

The farrowing pen should be dry, well ventilated, free from drafts 
and well lighted. If possible, it should be exposed for a part of each 
day to direct sunlight, so it will be warmer, and also because of the 
germicidal action of sunlight. 

Before the sow is placed in the farrowing pen, it should previously 
have been thoroughly cleaned and also scrubbed with a hot lye solution, 
as is described later, to kill round worm eggs and to prevent infections. 
(1440) For the same reason all filth should have been removed from 
the sow and her udder washed thoroughly with soap and warm water. 
After the clean sow has been put into the scrubbed pen she should not 
be allowed to go out of the pen where she will have contact with the 
sources of infection in the hog lots about the bam. Otherwise, all the 
labor spent in the sanitary measures may be wasted. It is beneficial, 
however, if the sow can get exercise in a thoroughly cleaned, paved 
outside pen, adjacent to the farrowing pen. 

When a sow farrows during the pasture season, it may be most 
convenient to have her farrow in a colony house located in a pasture 
that is free from round worms and other parasites. However, it is then 
difficult to aid her in case she has difficulty in farrowing. 

Each farrowing pen should have guard rails, or fenders, to protect 
the little pigs during and after farrowing. These can be made by 
fastening planks edgewise, like shelves, 8 to 10 inches from the floor, 
along both sides of the comer in which the sow makes her bed. Guard 
rails largely prevent the sow from squeezing the pigs against the 
wall or lying on them while they are small. If the farrowing pen has 
a concrete floor, a wood overlay in the nest corner makes the sow's 
bed warmer, drier, and cleaner. 

The farrowing place should be sufficiently warm so that a deep 
nest is not necessary to prevent the new-bom pigs being chilled, for they 
may be crushed in a deep, bird-like nest. Cut straw or hay, shredded 
stover^ chaff, or leaves are the best for bedding, provided they are 
reasonably free from dust. Only about a bushel of bedding should be 
used, for too much bedding or straw or hay that is too long may en- 
tangle the pigs so they will be crushed when the sow lies down. 

As soon as the sow is put in the farrowing pen, her ration should 
be reduced and also be made more laxative. A good rale is to feed only 
two-thirds as much concentrates as previously, with wheat bran form^ 
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ing one-third of the ration by weight. Linseed meal is also a helpful 
addition at this time, and the feeding of legume hay should be continued. 
Some breeders prefer to feed the concentrates as a thin, warm slop. This 
may satisfy the sow better and aid in getting her to take plenty of 
water. 

1425. Faxrowing time. — At farrowing time the herdsman should 
be on hand to render assistance, if necessary, but should otherwise not 
disturb the sow. In large herds it has been found exceedingly profit- 
able to have an experienced man near during the night at this time 
to inspect the sows every three hours. The farmer with only a few sows 
will find that a few night trips to the hog house at farrowing time will 
save many a litter, and prove a wise investment of his time and energy. 

When farrowing occurs in very cold weather, it is a good plan, as 
the pigs arrive, to dry them thoroughly and put them in a basket or box 
which is lined with sacks or other cloth. A jug of hot water or warm 
bricks wrapped in cloth can be placed in the center to keep the pigs 
warm, and the receptacle lightly covered to hold the heat. Separating 
the pigs thus from the sow as they are farrowed is also wise in the case 
of heavy, clumsy sows, or those which are very restless. Sows properly 
handled before farrowing will not usually resent such separation. 

The pigs should be kept in this box or basket until farrowing is 
over, provided the time is not more than 2 or 3 hours. When they are 
returned to the sow, each pig should be placed at a nipple, and the 
litter should be watched until their safety is assured. In the case of 
a very cross sow it may be advisable to keep the pigs away from her for 
a day or so, returning them to nurse every 3 or 4 hours. 

To prevent losses due to navel infection it is wise to dip the navel 
of each pig in tincture of iodine as soon as possible after birth. Some 
herdsmen tie the navel cord with a string about an inch from the body, 
cut the end of the cord off, and then disinfect the stump with iodine. 

A pig that is apparently bom dead can sometimes be saved by 
removing all mucus from the nose and then giving it a few gentle slaps 
on the side with the hand. A chilled pig may be revived by immersing 
it up to the head in water as warm as the elbow will bear. 

At birth, pigs have long, sharp ‘‘wolf^ teeth, which are also called 
needle teeth or black’’ teeth. These temporary tusk-like teeth are 
of no benefit to the pigs and are apt to lacerate the udder of the sow 
and also to wound the other pigs as they tussle among themselves. 
Therefore experienced hogmen commonly break off these teeth close to 
the gums with nippers made for the purpose. Care must be taken to 
i'tnake a clean break, without leaving jagged edges, and at the same time 
Without injuring the jaw or gums of the pig. 

It is, of course, necessary to mark purebred pigs that are to be 
Registered, and the ear-notching system is perhaps the most convenient, 
tts main advantage is that pigs can be marked within a few hours 
after birth, avoiding danger of mistakes, while a small pig’s ear is too 
small and tender to permit marking by buttons or labels until the pigs 
are several weeks of age. Marking the pigs is also highly advisable 
even in grade herds, to permit selecting gilts for the breeding herd from 
the best litters and out of the best dams. 

If brood sows have been kept thrifty by feeding them well-balanced 
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rations and by inducing them to take plenty of exercise, and if con- 
stipation is prevented, little trouble will be experienced from sows 
failing to furnish enough milk for their pigs or from being restless and 
irritable, which may lead to their eating the young. If a sow has a 
feverish udder, which often is a result of constipation, a light applica- 
tion of kerosene and lard, well rubbed in, will reduce the congestion 
and relieve the pain. 

1426. After farrowing. — A sow should receive no feed for 12 to 
24 hours after farrowing, but should have plenty of water. In very cold 
weather it is wise to take the chill olBf the water. If the sow frets for 
feed, a handful of wheat bran may be put on top of the water to quiet 
her. 

. For the first feed she should get only a double handful of a laxative 
mixture, preferably containing considerable wheat bran. The amount 
of concentrates should be increased very gradually or the milk flow may 
be stimulated too soon. This may result in the sow having milk fever or 
suffering from a caked udder, or in the pigs getting scours. For the 
second day 2 or 3 lbs. of feed, divided into 2 meals, are sufficient. 

During the first few days it is best to use a bulky concentrate 
mixture containing at least one-third ground oats or wheat bran. Such 
a mixture may then be changed to the one that is to be fed during the 
suckling period. 

After 10 to 14 days the sows should be getting all the feed they will 
clean up. By this time, the sows and litters should, whenever possible, 
be put on clean pasture, free from infestation with round worms or 
other parasites. As described later, they should be hauled to the pas- 
ture, and should not be driven down a lane that may infest the pigs with 
parasites as they stop to nibble at grass or other material on their 
way. (1440) 

1427. Sows as milk producers. — The amounts of milk produced by 
sows have been determined by keeping the pigs away from the sows 
except at nursing time, when the pigs have been weighed immediately 
before and after nursing. The amount of milk produced by sows per 
pig in their litters varies widely, ranging from 0.18 to 0.65 lb. in' Okla- 
homa tests.^^ The pigs securing the most milk made the most rapid 
gains both during the suckling period and during the first 2 months 
after weaning. 

In these and other experiments the average total amount of milk 
yielded daily by sows ranged from 4,9 to 10.3 Ibs.^^ During the 60 to 
85 days that most sows nurse their litters, a good dam should produce a 
total of 400 to 500 lbs. of milk or more. Since the gains made by suck- 
ling pigs depend largely on whether their dams are good milk producers, 
it is important to select gilts for replacements in the herd from good 
milk-producing ancestors. 

In tests at the North Dakota Station it was found that the average 
interval between the nursings by pigs was 62 minutes, and the longest 
interval recorded was 175 minutes.^® There was no marked difference 
between the intervals in the daytime and at night. 

It is shown in Appendix Table I that sow’s milk is richer than 
cow’s milk in all nutrients, and especially in fat, for it contains on the 
average 6.7 per cent fat. Woll found that the fat globules of sow’s 
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milk were only one-fourth as large as those of cow’s milk, but 8 times 
as numerous/^ 

1428. Orphan pigs; ^ 'evening up'" number in litters. — If a sow dies 
shortly after farrowing a litter or becomes seriously sick, the problem 
arises as to how the pigs may be reared. The best plan is to induce 
sows which have litters of about the same age to adopt the orphans. 
This same method may be used to ''even up’' the number of pigs in 
various litters, pigs being taken from a sow that has too many pigs to 
nurse adequately and added to a small litter of the same age. 

A sow should be taken out of the pen when the orphans are added 
to her litter, and the pigs should be allowed to run together for 10 to 
20 minutes before the sow is returned to the pen. Sprinkling a weak 
solution of stock dip over all the pigs will make it difficult for the sow 
to distinguish the new arrivals by smell. 

Where no sows with litters of about the same age are available for 
raising orphan pigs, they may usually be raised successfully by hand, 
if the herdsman has enough patience. It is best to feed the pigs whole 
sweet cow’s milk 5 to 6 times daily until they are 3 to 4 weeks old, 
when the number of feedings may be reduced to 3 a day. However, 
in Iowa tests satisfactory results were secured when the pigs were fed 
only 3 times daily from the beginning.^^ Some use a nursing bottle at 
the start, but with patience even the youngest pigs can be taught to 
drink milk from a shallow dish. The pig’s mouth and nose are pushed 
into the milk, care being taken not to continue the process so long that 
the pig is strangled. 

A maximum of one quart of milk a day is enough per pig, if they 
are supplied with a suitable concentrate mixture as soon as they can 
be taught to eat solid food. Care should be taken to supply fresh water 
at all times. If whole milk is not available, fresh skimmilk or* even 
buttermilk can be substituted, according to the Iowa tests. It is not 
advisable to add cream or sugar to whole milk for orphan pigs. 

If young pigs do not get the colostrum milk from a sow, it is more 
difficult to rear them, as the colostrum protects them against various 
infections. (210) 

II. Raising the Pigs 

1429. Feeding sows suckling litters. — Sows suckling their litters 
have the same general nutrient requirements as dairy cows. They need 
a liberal allowance of concentrates rich in protein, calcium, phosphorus 
and vitamins. To supply vitamins A and D, when the sows are not on 
pasture 5 to 10 per cent of chopped or ground legume hfiy should be 
included in the concentrate mixture, or choice legume hay should be 
supplied in a rack. 

It is essential that sows with litters be fed suitable rations con- 
taining a sufficient amount of concentrates so that they will have a good 
milk flow. Otherwise, the young pigs will not get a good start in 
life. At no other time do pigs make as economical gains as when suck- 
ling their dams. 

When on full feed, a 400-lb. sow nursing a litter will need 8 to 12 
lbs. of concentrates a day, the exact amount depending on her condition 
and on the number of pigs in the litter. The concentrates may consist 
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chiefly of com and other grains, but plenty of protein supplements 
should be added to balance the ration. A sufficient amount of such 
supplements as dairy by-products, tankage, meat scraps, or fish meal 
should be fed to provide the proper 'quality of protein in the ration. 
This is especially important when the sows are not on pasture or have 
no legume hay. These supplements may be combined with wheat shorts, 
wheat bran, linseed meal, soybeans, soybean oil meal, etc. 

For sows on pasture or for those supplied with good legume hay 
such simple combinations as grain and either tankage or fish meal, or 
grain and skimmilk, are satisfactory, but many breeders prefer mixtures 
containing more variety and including some bulky feed. Corn may be 
fed as ear corn or shelled corn (preferably soaked if it is hard and 
dry) or it may be ground and mixed with the other concentrates. The 
smaller cereals should always be ground for sows, if possible. 

Several example rations for brood sows suckling litters are given 
in Appendix Table VII. These will serve as guides in making up a 
ration that will be most economical under one’s local conditions. As 
is shown ill Appendix Table III, rations for brood sows with litters 
should contain sufficient protein so that the nutritive ratio will not 
be wider than 1 :6.0 to 1 :7.0. 

1430. Prevention of anemia; mineral mixtures. — One of the meth- 
ods of preventing anemia in suckling pigs that have been described in 
Chapter XXXV should always be used when sows and pigs cannot 
be gotten on pasture by the time the pigs are 2 weeks of age, but are 
confined to pens and paved lots, away from contact with the soil. (1293) 
For sows and pigs not on pasture, it is also wise to supply a suitable 
mineral mixture, in addition to common salt, unless one is sure there 
is no lack of calcium or phosphorus in the ration. 

1431, Methods of feeding brood sows and litters. — Brood sows with 
litters may be hand-fed 2 or 3 times a day, or they may be self-fed. 
Until recently, the self-feeding method has not been used extensively, but 
experiments and also the experience of farmers have shown it to be 
convenient and successful. In this method both sows and pigs have 
access to a suitable concentrate mixture at all times in a self-feeder, 
after the pigs are about 2 weeks old. 

Self-feeding is especially desirable where more than one sow is in 
the same lot, as there is no quarreling at the feed trough, and each 
pig can get all it wants to eat. A self-feeder should not, however, be 
used for sows that are nursing only 2 to 4 pigs, as the sows are apt to 
become too fat. 

Self -feeding sows and litters proved preferable to hand-feeding in 
experiments by the United States Department of Agriculture and also in 
a Kansas test.^® In the former trials self-fed sows gained an average 
of 12.8 lbs. and their pigs an average of 20.4 lbs. during 41 days, while 
hand-fed sows lost an average of 11.6 lbs. and their pigs gained an 
average of 17.0 lbs. during 44 days. The self-fed pigs also continued 
to make more rapid gains after weaning. For 100 lbs. gain of sows and 
litters combined only 441 lbs. of feed were required by the self -fed lot, 
in comparison with 603 lbs. for the hand-fed lot. Also, when the sows 
were bred before their pigs were weaned, 81 per cent of the self-fed 
sows settled at the first service and only 47 per cent of those that were 
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liand-fed. It has been shown previously that the self-feeding method 
is not well suited to pregnant sows. 

When the sows are hand-fed, additional feed should be supplied the 
pigs by means of a creep, as soon as they are 2 to 3 weeks old. This 
is an enclosure in a comer of the pasture or paddock, with openings of 
such size that the pigs can run in and out, while the sows are excluded. 
Here the pigs are supplied a suitable mixture of concentrates, either 
in a small trough or in a self-feeder. For creep-feeding suckling pigs 
any of the concentrate mixtures suggested in Appendix Table VII for 
brood sows and their litters are excellent. For suckling pigs and 
particularly for pigs at weaning time, skimmilk and buttermilk are 
the best of all protein supplements. Nothing else aids so greatly in 
keeping them growing lustily. 

Most of the concentrates for suckling pigs can be ground grain. 
If there is an abundance of skimmilk or buttermilk for the pigs, relatively 
little of other protein supplements need be used. Where these dairy 
by-products are not available, some tankage, meat scraps, or fish meal 
should be included in the concentrate mixture. Good pasture is espe- 
cially beneficial to young pigs, due to the protein, minerals, and vitamins 
it provides, and also because pigs get an abundance of exercise when on 
pasture. 

If the pigs show a tendency to become too fat the first few weeks, 
the dam’s ration should be reduced gradually, so she will give a little 
less milk. Scours should be avoided by keeping the quarters dry and 
clean and the troughs sanitary. Overfeeding the sows or letting the 
pigs run out in a cold rain are other frequent causes of this trouble. 

Boar pigs not to be kept for the breeding herd should be castrated 
when 3 to 6 weeks old. This should be done on a clear, cool day, and the 
pigs should be kept in dry, clean quarters afterwards. Before the 
operation the pigs should receive only a light feed. 

1432. Weaning time. — ^When only one litter of pigs is raised a year, 
the pigs may run with their dams 10 to 12 weeks, or the sow may be 
allowed to wean the pigs herself. However, when 2 litters are raised 
yearly the pigs must be weaned at the age of 7 or 8 weeks, as the sows 
do not commonly come in heat until after their pigs are weaned. 

When the litters are to be weaned at this age, the amount of concen- 
trates fed the sows should be reduced for a few days before weaning, 
in order to check the milk flow. If the sows and litters have been 
self-fed on pasture, it is best to shut the sows away from the self- 
feeder by means of a creep 3 or 4 days before weaning. For this short 
period the sows will get enough nourishment from the pasture. 

After the sow is taken away from her pigs it may be necessary to 
return her to the pigs for a few minutes the second day if her udder 
becomes unduly distended with milk. In the case of very persistent 
milkers, the process should be repeated at two-day intervals, as needed. 

It is especially important that clean pasture, free from contamin- 
ation with round worms and other parasites, be provided for the pigs 
after weaning. If there is much difference in the ages of the various 
litters, it is best to group them according to size, subdividing a pasture, 
if necessary. Pigs will do best if there are not over about 20 in a 
group, as there is then less crowding in the colony house on cold nights. 
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However, a much greater number may be successfully kept in a large 
pasture, if self-feeders and colony houses are well distributed, instead 
of all being located at one point. 

Since the pigs no longer get their mother’s milk, the ration after 
weaning should contain a somewhat larger proportion of protein-rich 
feeds than before. An abundance of skimmilk or buttermilk with grain 
is excellent. In the absence of this, the proportion of tankage or other 
protein supplements should be large enough to provide a nutritive ratio 
of 1 :4.0 or 1 :4.5 for pigs not on pasture and of 1 :5.0 or 1 :6.0 for those 
having good forage. 

Several rations for pigs after weaning and also at later ages are 
given in Appendix Table VII. These will serve as convenient guides in 
selecting suitable combinations under the conditions in any particular 
locality. 

1433. Growing and fattening pigs. — In the preceding chapter the 
various rations which are satisfactory for growing and fattening pigs 
have been discussed in detail. A study of the trials there reported will 
show which combinations of feed are most economical under various 
conditions. Further suggestions are given in the example rations in- 
cluded in Appendix Table VII. 

The importance of good pasture for all swine throughout the en- 
tire growing season cannot be too strongly emphasized. (1377) Pas- 
ture is especially important for young pigs, as it keeps them growing 
thriftily, and also greatly reduces the cost of the gains made. In fact, 
no one should expect the best profits from his pigs if he fails to provide 
this nutritious and economical feed. In addition to such pasture as 
alfalfa, clover, or rape, at least 2 lbs. of concentrates daily per 100 lbs. 
live weight should be fed, except where pasture is unusually cheap 
compared with grain, and the allowance of concentrates should never 
be less than 1.0 to 1.5 lbs. daily per 100 lbs. live weight. (1307) Pigs 
should gain at least one-half to three-fourths pound a day, even when 
they are being raised on pasture plus a limited amount of grain, for 
fattening in the fall. 

In most sections of the United States self-feeding pigs on pasture has 
become a common practice, except for breeding stock. The use of the 
self-feeder for growing and fattening pigs has been discussed fully 
in a preceding chapter. (1308-1309) Where the amount of concen- 
trates fed in summer on pasture is limited, the pigs should be finished 
in the fall on all the concentrates they will eat, hand-fed or self-fed. 
In the com belt when new corn is ready, pigs are commonly fattened 
on new ear corn, along with a suitable protein-rich supplement. As 
has been pointed out previously, turning pigs into standing com to 
‘‘hog down” the crop has become a common practice in the corn 
belt. (1331) 

Whether to fatten spring pigs for market early in the fall by self- 
feeding them concentrates on pasture, or to force them to consume 
more pasture by restricting their concentrate allowance, will depend 
on the relative prices of grain and pasture, and the prices for pork 
at the various times in the fall and winter, as has been discussed in 
Chapter XXXV. (1307) It is practically always advisable to feed fall 
pigs liberally during the winter and get them to market as soon as 
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possible. The only exception is when it seems probable that prices for 
hogs will be better somewhat later. (1303-1306) 

Pigs should always be provided with an abundance of fresh water in 
a trough or an automatic waterer. If self-feeders and automatic waterers 
are used, it should be borne in mind that even with these labor-saving 
devices one cannot expect success if he does not give the proper at- 
tention to his pigs. One should see daily that the feeders and waterers 
are working properly and should clean them out when necessary. 

If the pigs are on first-class pasture and are fed such supplements 
as skimmilk, tankage, or fish meal, there is probably little or no ad- 
vantage in feeding any other mineral supplement than salt. However, 
for pigs not on good pasture, feeding a simple mineral mixture, such 
as has been recommended before, may be advisable, even when protein 
supplements of animal origin are used. 

1434. Raising breeding stock. — Pigs selected for the breeding herd, 
both sows and boars, should be fed so they will develop good size and 
strong bone, but should not be allowed to become so fat as pigs that 
are being finished for market. If the spring pigs are fed a limited 
allowance of concentrates on good pasture and receive a well-balanced 
ration, it may not be necessary to separate the gilts to be retained for 
breeding from the other pigs until full feeding is started in the fall. 

On the other hand, if the pigs intended for the market are being 
fattened as they grow by self-feeding or by hand-feeding a full fatten- 
ing ration, it is best to separate the breeding stock soon after weaning, 
so they may be fed a ration suited to their needs. However, if gilts 
are of the intermediate or big type, they may be safely fed with the 
market pigs until they reach a weight of 175 to 225 lbs., even when 
the pigs are self-fed. 

Especial care should be taken that the ration for pigs being raised 
for breeding stock contains sufficient protein and protein of good quality, 
and that there is an abundant supply of calcium, phosphorus, vitamin 
A, and vitamin D. Such pigs should be on good pasture during just 
as much of the year as is possible. This is the best insurance against 
any lack of vitamins. When pasture is not available, legume hay should 
be included in the ration. 

Breeding swine may be raised with success on grain (even com) as 
the chief concentrate, provided the grain is properly supplemented and 
also provided the amount is limited so that the pigs do not get too fat. 
However, most breeders prefer concentrate mixtures containing a reason- 
able proportion of rather bulky feeds, such as ground oats, wheat bran, 
or standard middlings. If possible, some protein-rich feed of animal 
origin should be included in the ration, such as dairy by-products, 
tankage, or fish meal. This is especially important if the pigs are not 
on first-class pasture. , 

Though simple concentrate mixtures are satisfactory, such a mix- 
ture as the following may be considered ideal for such stock: Com, 
barley, or grain sorghum, 40 lbs. ; ground oats, 30 lbs. ; standard mid- 
dlings, 20 lbs. ; linseed meal or cottonseed meal, 5 lbs. ; tankage or fish 
meal, 5 lbs. If plenty of skimmilk or buttermilk is available, a mixture 
of one-half corn, barley, or grain sorghum and one-half pats or standard 
middlings should be entirely satisfactory. 
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Sows and boars of the larger breeds should reach a weight of 350 
lbs. or over at one year of age, if properly fed and managed. 

1436. Age to breed gilts. — Commonly, spring gilts not intended for 
showing at fairs are bred in the fall and farrow when they are about 
a year old. Those intended for a show herd are usually not bred until 
they' are a year old, in order that they may mature earlier and reach 
a larger size. Thus, under general farm conditions gilts are bred when 
very immature. 

' Extensive experiments were conducted by Mumford and associates 
at the Missouri Station over a period of 18 years to study the effects 
of continued early breeding of sows during successive generations.^^ 
The special objects of the investigations were to find whether this 
would retard their growth and diminish their mature size, and also 
to determine whether early breeding would result in offspring that 
were smaller or less thrifty. 

In these experiments some sows and their offspring in several 
generations were bred to farrow the first time at less than a year of 
age, and then^-bred as frequently as possible thereafter. Other sows 
and their offspring were bred the first time at 18 months of age, and 
still others not until they were 30 months of age. These groups of 
sows were all liberally fed, but other lots of early-bred sows were kejft 
on a moderate plane of nutrition and still others were scantily fed. 

The mature weight of sows was not reduced when they were well fed 
and bred during 11 to 16 successive generations to farrow their first 
litters at slightly less than a year of age and then bred as frequently 
as possible thereafter. Such sows were only slightly smaller at 20 months 
of age than the later-bred sows. They continued to grow for a longer 
time and finally became fully as large. 

The pigs in the first litters of young sows are slightly smaller at 
birth than those from older sows, and also make a trifle less rapid 
gain. In commercial pork production this is much more than offset 
by the additional cost of maintaining a later-bred sow for a longer 
period before she produces her first litter. 

When early and frequent breeding was combined with scanty feed- 
ing, the sows did not reach normal size. Tliis checking of growth was 
due to the heavy drain on the sows when they were fed scantily during 
lactation. 

1436. Two litters vs. one litter a year. — Whether to follow the 
two-litter-a-year or the one-litter method of pork production is a problem 
of great importance that every swine raiser must decide. The answer 
should depend on the local conditions, especially on the winter climate, 
the shelter that can be furnished, and the feeds that are available. 

When the one-litter system is followed, the pigs are nearly all far- 
rowed in the spring and few or no sows are bred for fall pigs. Com- 
monly, gilts are used chiefly or entirely in this system, and in the summer 
after, they have weaned their flrst litters they are fattened for market. 
This plan is followed because it does not pay to maintain a sow an 
entire year to raise only one litter of pigs. 

Under the two-litter system the sows are bred to farrow sufficiently 
early in the spring so that the fall litters can get a good start before 
cold weather comes on. Sows usually come in heat a few days after 
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their litters are weaned, but not during the suckling period. Since 
the fall litters should be farrowed by September, this means that the 
spring litters must come not later than March. Raising two litters a 
year should therefore not be attempted in the North unless these early 
pigs can be given proper shelter and care. 

Even when an endeavor is made to raise two litters a year from all 
the sows possible, there will usually be more spring litters than fall 
litters. Often some of the spring-farrowing sows will not become preg- 
nant from the first service, and then it may be too late in the season 
to breed them again for fall litters. Under this system, however, it is 
easily possible to raise an average of three litters every two years. 

Where the climate is mild, the two-litter system is usually more 
profitable than the one-litter method. In such sections the fall litters 
should prove as satisfactory as the spring pigs, for they can be furnished 
pasture until late in the fall and in the southern states also during the 
winter. Even in the North, excellent results can be secured from fall 
pigs when they are properly fed and cared for. 

In the corn belt the two-litter system has several advantages, as 
well as certain disadvantages. The chief advantages are (1) A maxi- 
mum use is made of capital invested in equipment; (2) the breeding 
herd may be improved more readily by retaining sows that produce 
large litters of pigs that prove efficient in the feed lot; (3) there is a 
better distribution of labor under the two-litter system; (4) under this 
system pigs can be marketed at the two times of the year when the 
prices are usually highest — in early fall and in spring; (5) there is a 
better distribution of farm income; and (6) the danger of loss through 
a drop in the market price is reduced, since the pigs are marketed at 
two different seasons. 

These advantages are offset to some extent by the fact that the death 
losses are usually higher in pigs farrowed early in the spring, as is 
necessary, in the two-litter system, than they are in litters farrowed 
later when the weather is more favorable. In cost studies on farms in 
central Illinois during 3 years there was practically no difference in the 
average total cost of producing each 100 lbs. of pork under the 
litter system and the two-litter system.^® However, the selling price of 
the pigs per hundredweight commonly averages higher under the two- 
litter system, when it is properly carried out. 

1437. Fall vs. spring pigs. — In the South where pasture can be 
provided’ during all or most of the winter, there should be but little 
difference in the rate or in the economy of gains made by pigs in summer 
or winter. Winter-fed pigs in Texas trials gained even more rapidly 
than summer-fed pigs, but required 4 to 6 per cent more feed p^ 
100 lbs. gain.®® In these tests the average winter temperature was 5.i J) . 
and the average summer temperature 83 °P. _ _ 

In the North there will also be but little difference in the cost of 
producing 100 lbs. of pork from fall pigs and from spring pigs, if the 
fall pigs are farrowed early enough to get a good start on pasture and 
if they have proper feed and care. More concentrates will be required 
per 100 lbs. gain than in the case of spring pigs raised on good pasture, 
but this will be offset to some extent by the lower price of grain in the 
fall and winter. Also, fall pigs that are efficiently raised reach the 
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market in the spring when the price is usually higher than at the time 
in the fall when most spring pigs are marketed. Therefore under favor- 
able conditions even better net returns can often be secured from fall 
litters than from spring pigs. 

The excellent results that can be secured from fall pigs under suit- 
able conditions are well shown by tests at the Minnesota Station,®^ 
During 2 years fall pigs were fed efficient rations in dry lots from 
weights of 50 to 60 lbs. to market weights. In comparison, spring pigs 
were fed the same rations during the summer in dry lots, and still 
other spring pigs were fed on alfalfa pasture. The average daily gains 
were practically the same for the three systems. The fall pigs required 
404 lbs. of concentrates per 100 lbs. gain; the spring pigs fed in dry 
lot, 402 lbs. ; and the spring pigs on pasture, 390 lbs. Due to a higher 
selling price, the net return over the cost of feed and the initial cost 
of pigs was considerably higher than for the spring pigs, even when 
no charge was made for their pasture. 

Pall pigs were also compared with spring pigs in Delaware tests 
during 3 years.®^ Both fall and spring pigs were on rye pasture before 
weaning, but after weaning, the fall pigs were fed in dry lot during 
the late fall and winter, while, the spring pigs had good pasture during 
the summers. The average daily gain from birth to a weight of 100 
lbs. was 0.56 lb. for the fall pigs and 0.72 lb. for the spring pigs. The 
fall pigs required 398 lbs. concentrates per 100 lbs. gain during this 
period, while the spring pigs consumed only 319 lbs., largely due to the 
greater amount of feed they secured from pasture. 

1438 . Essentials in raising fall pigs. — Unless fall pigs are given 
proper feed and care, they will be a disappointment where the winter 
climate is cold. As emphasized previously, they should be farrowed early 
enough to get a good start before cold weather. It is important that 
clean pasture be provided for sows with fall litters, as this aids greatly 
in keeping the pigs thrifty. Where the climate is suitable, the pigs 
should also be on good pasture at weaning time and for as long a period 
afterward as possible. On pasture the pigs will be able to build up 
a store of vitamins in their bodies to help overcome any shortage during 
the winter. 

To secure rapid and economical gains with fall pigs after the 
pasture season, it is essential that their rations furnish not only suf- 
ficient protein, but also protein of excellent quality. In addition, 
especial care is needed to ensure that the rations provide sufficient 
vitamin A, vitamin D, calcium, and phosphorus. Several example rations 
are given in Appendix Table VII, which will serve as guides in deciding 
upon a ration adapted to local conditions. 

The investigations summarized in the previous chapter show con- 
clusively the importance of including a small proportion of well-cured 
legume hay in the rations of growing pigs when they are not on pasture. 
( 1896 - 1398 ) Such legume hay not only provides vitamin A and vitamin 
P, but also helps balance the ration in protein and supplies calcium. 
For information on the manner in which the hay should be fed to pigs, 
the reader is referred to this discussion. 

An. excellent supplemental mixture for pigs in dry lot is the trio 
mixture, or Wisconsin mixture, discussed in the preceding chapter. 
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(1341) This consists of 50 lbs. tankage, meat scraps, or fish meal ; 25 lbs. 
chopped or ground legume hay ; and 25 lbs. linseed meal. As has been 
previously shown, several modifications can be made in this combination 
without reducing its efficiency. 

If plenty of skimmilk or buttermilk is available, the ration for fall 
pigs may consist of only grain and the dairy by-product with a little 
legume hay. For pigs under 75 lbs. in weight it is advisable to add to 
a ration of corn, skimmilk, and legume hay a small amount of some other 
protein supplement, as young pigs full-fed on corn will often not drink 
enough milk to balance the ration completely. 

Suitable, well-ventilated quarters must be provided for fall pigs, 
where they can be kept comfortable during cold, wet weather. They 
should be supplied with sufficient bedding, and this should be replaced 
when it becomes damp. 

III. Other Factors in Pork Production 

1439. Sanitation and disease prevention. — Sanitation is fully as 
important in pork production as is proper feeding. If hogs are raised on 
the same ground year after year with little or no regard for proper 
sanitation, there will be heavy losses from round worms and other para- 
sites and also from filth-borne diseases. Many pigs will die before they 
get to market as a result of these conditions, and others will become 
unprofitable. On the other hand, under an efficient system of swine 
sanitation, including the use of clean, uncontaminated pasture for the 
young pigs, such losses can be largely prevented. 

The common round worm of swine ( Ascaris sxtum or Ascaris lumbri- 
coides) is one of the chief causes of death or lack of thrift among young 
pigs, and also is one of the most injurious parasites in older swine. 
Under usual conditions probably one-third of the hogs of breeding age 
are infested to a greater or less extent with these parasites. 

It is difficult to control round worms, because the eggs, which are 
voided in the feces from infested swine, are resistant to freezing, thawing, 
or drying and also are not killed by most chemical disinfectants. How- 
ever they live only a short time if exposed to sunlight in a dry place. 

An efficient method of control of round worms has been developed 
by the United States Department of Agriculture which has become com- 
monly known as the ''McLean County System of Swine Sanitation,^’ 
because it was first tried on a large scale in cooperative tests with farmers 
in that county of Illinois.®^ This system not only controls round worms 
but also largely eliminates trouble from other parasites and from filth- 
borne diseases, such as necrotic enteritis. 

To understand the principles upon which the success of the system 
depends, it is first necessary to know how the round worms develop in 
swine. Pigs become infested by swallowing the eggs of the parasite, 
which are of microscopic size and are found in the manure of infested 
hogs or in the soil of lots contaminated by the droppings from infested 
hogs. It has been estimated that one full-grown female worm in the 
intestine of a hog may produce as many as 80,000,000 eggs. 

The eggs as they are passed out of the body of the hog in the 
droppings are not at first infectious, but in a few weeks or months, de- 
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pending upon the weather and various other conditions, the egg reaches 
a stage of development at which it contains a tiny worm within the shell, 
and it is then infectious, if swallowed. These eggs may remain alive in 
the soil for a year or more. 

When an incubated egg is swallowed by a pig, it passes to the small 
intestine, where it hatches. The young worms, which are too small to 
be seen by the naked eye, then penetrate the walls of the small intestine 
and are carried in the blood through the liver to the heart and lungs. 
In the lungs the small worms migrate through the blood vessels and 
invade the lung tissues. From the air spaces in the lungs, the worms 
are coughed up by the pigs into the throat and swallowed. The worms, 
which are now only one-fifteenth to one-twentieth inch in length, grow 
to adult size in the intestines in a period of 2 to 3 months. 

The greatest injury to young pigs occurs when the worms are in the 
lungs. In case of a heavy invasion many abcesses are produced, the pigs 
become unthrifty, and many die from pneumonia. Common indications 
of infestation are coughing and the difficult breathing, sometimes 
known as ‘‘thumps.’^ In the later intestinal stages, the worms may 
also be decidedly injurious if many are present. This is especially the 
case when they invade the gall bladder and the ducts of the liver. 

1440. Kound-worm control. — The ‘^McLean County System of 
Swine Sanitations^ is as follows: 

1. The farrowing pens should be cleaned thoroughly, all dirt, dust,, 
and litter being removed. Then the floors and the walls for 2 feet from 
the floor should be scrubbed with boiling water, to each 30 gallons of 
which 1 lb. of lye has been added. After the pen has been scrubbed it 
is wise to spray it with a reliable disinfectant. The lye does not kill 
the round worm eggs, but is necessary to loosen the dirt, and thus remove 
the eggs. The hot water kills some of the eggs and the lye and the 
disinfectant kill disease germs. 

2. Before the sow is put in the farrowing pen, all dirt and litter 
should be carefully brushed from her sides and legs, and her udder, 
legs, and feet washed with warm water and soap. A single small chunk 
of dirt remaining on the sow may contain enough round worm eggs to 
stunt a pig that swallows it. 

3. Until they are taken to “ clean pasture, the sow and pigs must 
be confined to the farrowing pen, or to the pen and a paved adjacent 
outside lot which has been similarly scrubbed. The sow and litter should 
be hauled (not driven) to a pasture where no pigs have been kept for 
at least a year, and which preferably has been cultivated since last 
used by hogs. If the pigs are driven over contaminated ground, they 
may pick up enough worm eggs on the way to lessen greatly the bene- 
fits from the system. 

4. The pigs should be kept on this ‘‘clean’’ pasture until they are 
at least 4 months old, after which time they are much less susceptible 
to injury from round worms or other parasites, or to infection with 
necrotic enteritis or other filth-bome diseases. 

In sections where the soil is sandy and well-drained it may not be 
necessary to wash the sows before farrowing.®* Also, when sows farrow 
during the pasture season, they can be housed in portable colony houses 
located in lie “clean” pasture where they are to remain after farrow- 
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ing. The floor of the colony house should, of course, be cleaned and 
scrubbed as advised in the case of the farrowing pen. 

The great benefits from following this system of swine sanitation 
are shown by studies of the cost of pork production on central Illinois 
farms.®® On farms where the McLean county system was followed, an 
average of 5.8 pigs were weaned per litter, the pigs gained an average of 
1.31 lbs. daily after weaning and required 466 lbs. of feed per 100 lbs. 
gain. Where no system of sanitation was followed, only 5.4 pigs were 
weaned per sow, the pigs gained only 1.21 lbs. per head daily after 
weaning, and 521 lbs. of feed were required per 100 lbs. gain. With the 
good system of sanitation the total cost of 100 lbs. of pork was $7.31, 
while it was $9.00 on the farms with no system of sanitation. 

1441. Treatment for worms, lice, or mange. — Much better results 
are secured when round worms and other parasites are controlled by 
this method of sanitation than when worm expellcnts are used after 
pigs have been allowed to become infested. No worm remedy can 
reach the worms when they are in the lungs, and it is at this time 
that they do the most injury to young pigs. 

Even when good sanitation is followed, some pigs may become in- 
fested with worms. In all such cases a reliable worm expellent should be 
used, such as tetrachorethylene ; or a mixture of oil of chenopodium 
(oil of wormsced) and castor oil; or combinations including santonin. 
Before administering a worm remedy, feed should be withheld for 15 to 
20 hours. 

Lice may readily be eradicated by greasing, spraying, or dipping 
the pigs with crude oil or waste crank case oil. Mange should be 
eradicated by treatment with crude oil, or kerosene mixed with lard 
or cottonseed oil, or lime sulphur solution.®® 

Where hog cholera is common, the only safe plan is to immunize all 
swine by the double method of vaccination. 

1442. Shipment to market; shrinkage. — In order to reduce to a 
minimum the shrinkage in weight of hogs during shipment to market, 
certain precautions should be taken. It is sometimes advised that hogs 
on pasture be confined to a dry lot for a week before shipping. It is 
doubtful whether this is advisable. It may reduce the shrinkage between 
home weights and market weights, because some shrinkage will have 
already occurred in the change from pasture to dry feed. Therefore the 
practice is probably not advantageous. If hogs have been fed largely on 
slop, it may be best to use dry feed a few days before shipment. 

The recommendation is sometimes made that the regular feed be 
omitted immediately before shipment, or even that no feed be given 
during the last 24 hours. Ohio tests show that this is not wise.®^ This 
practice reduces the shrinkage between home weights and market 
weights only because considerable shrinkage has already occurred be- 
fore shipment, due to the lack of feed. 

It is doubtful whether it is advisable to make a great change in the 
regular feeding prior to shipment. It is probably best, however, to 
give only a light feed of grain immediately before shipment. This is 
of most importance in hot weather. The hogs will be less apt to over- 
heat if they are not producing a great amount of heat in their bodies 
due to the digestion of a large amount of feed. 
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In driving or loading the hogs, care must be taken not to hurry or 
excite them, and they should not be beaten or bruised. Crippled hogs 
sell at a severe discount, and bruises also affect the selling price, as 

they injure the carcass. The hogs should reach the shipping station 

in ample time for them to become rested and cool before they are 

loaded. They should not be loaded more than an hour before the train 

is to depart. 

The car should be thoroughly cleaned before loading. Sand is the 
best material for bedding, for Indiana tests show that it decidedly 
reduces the death losses and the number of hogs crippled in transit.'^® 
This is because it furnishes better footing than straw or than no 
bedding at all. The percentage of shrinkage is higher when a car is 
loaded too full, as shown by Indiana experiments.®® On the other hand, 
if there are not enough hogs to fill it comfortably when they are lying 
down,' the shrinkage will also be increased somewhat, due to greater 
jostling about. It is best not to load a car much in excess of the usual 
minimum carload weights (16,500 to 17,000 lbs. for a 36-foot car). In 
hot weather it is wise to keep the weight about 1,000 lbs. under this 
limit, in order to prevent excessive shrinkage, even if the freight 
rate per 100 lbs. is increased a trifle. 

In hot weather hogs should be sprayed with a hose before loading 
and also when possible at stopping points in transit. Suspending from 
the roof of the car about 6 sacks containing large cakes of ice helps 
prevent overheating, if it is very hot. In extreme winter weather it 
is a good plan to protect the hogs from cold winds by nailing a few 
strips of building paper on the inside of the car. 

The average percentage of shrinkage for hogs shipped by rail for 
various distances in the Indiana studies ranged from 1.35 per cent 
for those shipped less than 62 miles, to 1.89 per cent for those shipped 
263 miles or more. Heavy hogs shrank somewhat more than lighter 
ones, probably because they cannot handle themselves so well and they 
tire more easily. Also, they may not fill so well at the market. 

The shrinkage increased as the temperature rose, except that the 
shrinkage was also higher when the temperature was less than 18 to 
27 OF. The shrinkage was lowest in late fall and in winter when the 
hogs had been fattened on dry feeds. It was greatest in spring when 
pasture was lush, and in early fall when a large proportion of the hogs 
had probably been finished on new corn. The percentage shrinkage of 
hogs is considerably greater in mixed carloads of hogs and other stock 
than it is in straight carloads of hogs.®® 

In Illinois studies there was no marked difference in percentage 
of shrinkage when hogs were shipped the same distance by rail and by 
truck, though there was a tendency for the shrinka.ge to be slightly 
higher for truck shipment.®^ The losses by death and crippling were 
only about one-half as great in Indiana studies for hogs trucked (usually 
lessLthan 75 miles) as they were for hogs shipped by rail (usually 75 
to 175 miles) Part of this difference was, of course, due to the greater 
distance of the rail shipments. 

1443* Cost of pork production. — The cost of producing pork will 
vary widely from year to year and also during the same year in various 
sections, depending chiefly upon the prices of feed. The cost of feed, 
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including pasture, will commonly form 74 to 84 per cent of the total 
cost of producing each 100 lbs. of marketable hogs. To this cost must 
be added the cost of labor, both man and horse, and the expenses for 
equipment and shelter, interest, veterinary services, and miscellaneous 
items. The latter include death losses, taxes, and insurance on 
buildings. 

The following table summarizes data secured on 34 central Illinois 
farms on which a total of 2,790,000 lbs. of marketable live hogs were 
produced during the 3-year period 1924-1926, and on 81 Iowa farms 
on which total gains of 2,940,000 lbs. were made by hogs during the 
3-year period 1922-1924.®® 

Cost of producing JOO Ihs. of marketable live hogs 

Illinois Iowa 

farms farms 

19Ct-2a 1922-24 


Feed, including pasture $7.33 $6.60 

Labor, man and horse 41 .56 

Equipment and shelter 24 .27 

Interest .20 .35 

Veterinary services 14 .14 

Other costs 38 .42 


Total costs $8.70 $8.34 


The total cost of feed per 100 lbs. of marketable live hogs was 
$7.33 in the Illinois studies, with corn at an average farm price of 
78 cents per bushel; and $6.60 in the Iowa records. Feed formed 84 
per cent of the total cost on the Illinois farms and 79 per cent on the 
Iowa farms. Of this feed cost approximately 80 per cent was for corn. 
This shows the* importance of swine in serving as a market for this 
grain in the corn belt. The table shows that the other costs in pork 
production are relatively low. 

On the Illinois farms 473 lbs. of grain and other concentrates 
(including 400 lbs. of corn) were required in producing 100 lbs. of 
marketable live hogs. This includes the feed eaten by the pigs and by 
the breeding herd. Also 2.0 lbs. dry roughage, 1.5 lbs. minerals, and 
7.7 lbs. of miscellaneous feeds, in addition to pasture, were consumed 
per 100 lbs. of marketable hogs produced, and 1.53 hours man labor 
and 0.33 hour horse labor were required. 

In the Illinois studies the total cost of producing each 100 lbs. 
of marketable hogs was equal to 11.1 times the average farm price of 
corn per bushel over the 3-year period. This relationship, called the corn- 
hog ratio, was found to be 12.2 in similar studies by the United States 
Department of Agriculture during 1922 with corn at an average price of 
52 cents per bushel.®'^ On the other hand, in 1921 when the average farm 
price of corn was only 36 cents per bushel, the cost of producing 100 lbs. 
of hogs was 15.2 times the farm price of corn per bushel. The difference 
is due to the fact that the other expenses, in addition to the cost of corn, 
form a much larger part of the total cost when com is unusually low 
in price. 

On the Illinois farms the sows in the breeding herds consumed an 
average of 2,075 lbs. of feed in addition to pasture during the 291 
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days they were in the herd during the year. On many of the farms 
gilts were used solely or chiefly for breeding, and these were sold as 
soon as they could be fattened after weaning their first litters. 

In these studies approximately 30 per cent of the total cost of 
producing pork was for the maintenance of the breeding herd and 70 
per cent for the growing and fattening pigs. The average net cost 
per pig at weaning time was $3.53, after deducting credit for the 
value of the gains in weight made by the sows during the year and 
the value of the manure produced. 

1444. Reducing the cost of pork production. — These cost studies 
and also similar other investigations show clearly the ways in which 
the cost of pork production may be reduced on the average farm.®'^ 
On the 15 Iowa farms that produced pork at the lowest cost, the aver- 
age cost of producing 100 lbs. of live hogs was only $6.16, while it was 
$14.02 during the same years and in the same county on the 15 high- 
cost farms. 

On the high-cost farms the breeding herd was generally handled 
less efficiently lhan were the fattening pigs. This reduced the number 
of thrifty pigs raised per litter and consequently made a decided in- 
crease in the cost of producing each 100 lbs. of marketable hogs. On 
more than half the Iowa farms in the high-cost group the rations fed 
the brood sows were deficient in protein. On 7 out of 15 of these 
farms the ventilation in the hog house was poor. On the efficient 
farms only 24 per cent of the pigs farrowed were lost before weaning, 
while the loss on the inefficient farms was 36 per cent. As a result 
of the difference in methods, only 4.2 pigs were weaned per sow on 
the inefficient farms, while the average was 6.3 on the efficient farms. 

However, even on most of the efficient farms the equipment for 
farrowing was far from satisfactory. On only 3 out of the 82 farms 
were the farrowing pens equipped with guard rails. Yet the number 
of pigs killed by the sows lying on them was greater than the number 
lost before weaning from all other causes combined. 

The most important factor determining the cost per pig at wean- 
ing time is the number of pigs weaned in the litter. For example, in 
the Illinois studies the cost of producing a pig up to weaning time 
was only $3.56 in spring litters containing 6 to 8 pigs, while it was 
$5.18 in litters having only 2 to 4 pigs. When the number of pigs 
weaned per litter is small, the pigs will start into the fattening period 
with a handicap that cannot be overcome by any system of feeding 
or care that may be followed later. 

To keep the cost of pork production at a minimum, the pigs must 
obviously be fed so as to make efficient gains from weaning time to 
market. In the com belt liberal feeding is commonly most efficient, 
except when the pigs are purposely fed limited rations during the 
summer, so that they will be of the proper size for hogging-down corn 
in the fall or for following fattening cattle. 

In the Iowa studies the average rate of gain was 0.9 lb. per head 
daily. Increasing the rate of gain only 0.1 lb. a day lowered the cost 
of each 100 lbs. pork by 64 cents, thus considerably increasing the 
profit. On the average this added one-tenth of a pound gain per day 
resulted in a greater net return of 5.3 cents from each bushel of corn 
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fed and increased the profit of the hog enterprise per farm by $47.70 
a year. 

These studies, therefore, show that to produce pork at minimum 
cost and to secure^ the largest profit, efficiency is necessary throughout 
the whole enterprise. ^ The first essential is proper feed and care of 
the breeding herd. With this must be combined a system of sanitation 
that will prevent losses from parasites and filth-borne diseases. Finally, 
the thrifty pigs raised by such methods must be fed modem, efficient 
rations that fully meet their nutrient requirements. 

QUESTIONS 

1. What factors should be considered in selecting brood sows and boars? 

2. State 6 essentials in the feed and care of brood sows.. 

3. Discuss the general nutrient requirements of brood sows: (a) During preg- 

nancy; (b) when they are suckling their litters. 

4. What have experiments shown concerning the importance of pasture for brood 

sows? 

5. Discuss the feeding of brood sows on grain alone during pregnancy. 

Discuss the use of legume hay for brood sows. 

7. Which protein-rich feeds are satisfactory as the only protein supplements for 

brood sows? Which protein supplements should be fed in combination, with 
more efficient supplements? 

8. Discuss the use of corn for brood sows. How do barley and oats compare with 

corn in value for sows? 

9. Under what conditions should other mineral supplements than, salt be fed to 

brood sows? 

10. How would you regulate the amount of grain for pregnant sows? Is it 

generally advisable to self-feed brood sows? 

11. Discuss the importance of exercise for brood sows. 

12. How should brood sows be fed during the summer? 

13. Why is it advisable to “flush” sows shortly before breeding time? 

14. State the most important points concerning the feed and care of the boar. 

15. What are the advantages and disadvantages of gilts in comparison with older 

sows? 

16. State briefly how you would feed and care for a sow; (a) Previous to farrow- 

ing; (b) at farrowing time; (c) immediately after farrowing. 

17. About how much milk does a good sow produce during a lactation period? 

18. How can orphan pigs be raised? 

19. Discuss the feeding of sows that are suckling litters. 

20. Discuss the feeding and care of pigs and sow at weaning time. 

21. In what respect should the feeding of pigs which are being raised for breeding 

stock differ from that of pigs which are being fattened for market? 

22. What have experiments shown concerning the effects of breeding gilts at an 

early age? 

23. State the advantages and disadvantages of the two-litter-a-year method of pork 

production in comparison with the one-litter method. 

24. How do fall pigs compare with spring pigs in rate and economy of gains, 

when properly fed and cared for? 

25. What are the essentials for success with fall pigs? 

26. Discuss the importance of sanitation and disease prevention m pork production. 

27. Describe the McLean County system of round-worm control, stating the facts 

in the life history of the round worm upon which the effectiveness of the 
system depends. 
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28. What precautions would you take to reduce the shrinkage when hogs are 

shipped to market? 

29. Discuss the main factors in the cost of pork production. 

30. What are the ways in which the cost of pork production may be reduced on the 

average farm? 
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APPENDIX 


Table I. Average Composition of American Feeding Stuffs; Digestibi!® 
Nutrients; Mineral and Fertilizing Constituents; Digestion 

Coefficients 

In this table is presented a new and exhaustive compilation made for this volume of the 
analyses of American feeding stuffs and of the results of digestion experiments. These data have 
been compiled by the author and under his supervision from the bulletins and reports of the 
State Experiment Stations, the United States Department of Agriculture, the Departments of 
Agriculture of various states, and other publications. Data for a few feeds, for which Amer- 
ican analyses are not available, have been taken from foreign sources. 

Where the composition of any feeding stuff has changed since the first compilation made 
by the author was published in 1915, the older data have been discarded, and the averages here 
given include only recent data. Where there has been no change in the composition of a feed 
during this period, the averages cover all suitable data. 

Where information is available, separate averages are given for the various grades of a 
feeding stuff. Thus, separate averages are given for the most important forage crops cut at 
different stages of maturity; for hay of various qualities; for high-grade and lower-grade con- 
centrates of the same name; etc. In this table the scientific names of the various plants are 
not stated where they are given in the discussion of the particular feeds in the body of the text. 

So that all the data concerning the chemical composition and the digestibility of any feed 
may bo conveniently available, the data presented in Appendix Tables I, II, and III of previous 
editions of Deeds and Feeding have been combined into this single table. For any particular 
feed, part of the data is given on the left-hand page, and the remainder is immediately across 
on the right-hand page. 

The figures for dry matter, digestible protein, and total digestible nutrients are printed in 
bold-face type and are given first in this table, since these are the figures commonly used in 
computing balanced rations. Explanations of the methods of computing digestible protein, total 
digestible nutrients, and nutritive ratios are given in Chapter III. (73) Where no digestion 
coefficients are available for a feed, or such data seem unreliable, the digestion coefficients 
for a similar feed have been used and that fact is indicated by an asterisk. 

The figures for digestible nutrients have been computed by means of the digestion coeffi- 
cients obtained in experiments with cattle and sheep. However, these figures may also be used 
in computing rations for horses and swine according to the feeding standards given in Appendix 
Table III. (72) 

In using this table it must be borne in mind that individual lots of any particular feeding 
stuff may differ in composition from the average, as has been shown previously. (106-109) In 
the case of roughages, the variations are apt to be especially large in the content of calcium 
and of phosphorus. Also, much less information is available concerning the mineral content of 
various feeds than concerning the amounts of other nutrients they contain. The figures for 
calcium and phosphorus therefore merely indicate the approximate percentages that are present 
in the different feeds when produced on soil reasonably well supplied with these minerals. (160) 

The great mass of data utilized in the preparation of these Appendix Tables is evident 
from the fact that time equivalent to one person working steadily for about six years has been 
required in the compilation and averaging of the data, not including the supervision of the 
author. 

The author wishes to acknowledge the aid of many investigators who have furnished him 
with unpublished data for inclusion in this table, especially the co-operation of Mr. H. A. 
Halvorson of the Minnesota State Department of Agriculture, Dairy, and Food, who has sup- 
plied extensive data on the calcium and phosphorus content of various concentrates. 

This table and the other tables in the Appendix are fully protected by copyright. These 
data may not be reproduced in any form without the permission of the publishers of this volume. 
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Table I. Average composition and digestible nutrients. 


Feeding stuff 

Total 

dry 

matter 

Dig. 

Total 

dig. 

nutri- 

ents 

Nutri- 


Average total composition 

— 

protein 

tive 

ratio 

Protein 

Fat 

Fiber 

N-free 

extract 

Mineral 

matter 

No. of 
anal. 

Dry Roughages 

Per ct. 

Per ct. 

Per ct. 

1: 

Per ct. 

Per ct. 

Per ct. 

Per ct. 

Per ct. 


Alfalfa hay, all analyses 

Alfalfa hay, very leafy (less than 

90.4 

10.6 

60.3 

3.7 

14.7 

2.0 

29.0 

36.4 

8.3 

632 

25 % fiber) 

90.0 

12.4 

63.7 

3.3 

16.5 

2.7 

22.6 

39.5 

8.7 

108 

Alfalfa hay, leafy (25-28% fiber) 

90.4 

12.0 

61.1 

3.3 

16.0 

2.3 

27.6 

35.8 

8.7 

106 

Alfalfa hay, good (^^8-31% fiber) 

90.4 

10.3 

60.3 

3.9 

14.3 

1.8 

29.6 

36.5 

8.2 

194 

Alfalfa hay, fair (31-34% fiber) . . . 
Alfalfa hay, stemmy (over 34% 

90.4 

9.6 

49.8 

4.2 

13.5 

1.7 

31.6 

35.9 

7.7 

80 

fiber) 

90.4 

8.2 

47.6 

4.8 

12.1 

1.4 

36.0 

33.1 

7.8 

84 

Alfalfa hay, before bloom 

90.4 

14.2 

63.2 

2.7 

19.0 

2.7 

22.3 

36.6 

9.8 

12 

Alfalfa hay, 1/10 to bloom, . , 

90.6 

11.0 

60.1 

3.6 

14.9 

1.7 

30.1 

35.0 

8.9 

29 

Alfalfa hay, % to full bloom. . . . 

90.4 

9.9 

49.7 

4.0 

14.0 

2.0 

30.3 

35.8 

8.3 

21 

Alfalfa hay, past bloom 

90.4 

8.6 

44.9 

5.2 

12.8 

2.1 

31.9 

36.1 

7.5 

10 

Alfalfa hay, dehydrated* 

93.6 

13.2 

64.9 

3.2 

17.6 

3.0 

26.0 

38.7 

8.2 

3 

Alfalfa hay, brown 

89.8 

9.9 

60.6 

4.1 

14.6 

1.3 

24.7 

39.9 

9.3 

1 

Alfalfa leaf meal, good* 

91.9 

16.2 

67.4 

2.5 

21.1 

2.8 

16.1 

39.8 

12.2 

116 

Alfalfa leaf meal, high in fiber* . . . 

92.0 

14.7 

67.1 

2.9 

19.6 

2.6 

19.8 

40.0 

10.1 

76 

Alfalfa leaves 

89.0 

16.9 

67.0 

2.4 

21.9 

3.0 

14.1 

39.8 

10.2 

43 

Alfalfa meal, good 

91.9 

10.8 

63.9 

4.0 

15.2 

1 1-9 

28.4 

37.9 

8.5 

551 

Alfalfa meal, stemmy 

92.3 

8.8 

61.8 

4.9 

12.4 

1.5 

35.9 

35.3 

7 2 

33 

Alfalfa stem meal* 

92.4 

6.9 

43.0 

6.3 

11.5 

1.3 

36.2 

36.6 

6.8 

29 

Alfalfa stems 

88.6 

6.1 

40.8 

7.0 

10.0 

1.2 

36.6 

34.2 

6.6 

40 

Alfalfa straw* 

92.6 

4.6 

42.6 

8.5 

8.8 

1.5 

40.4 

35.1 

6.8 

4 

Alfalfa and timothy hay* 

Alfilaria, dry {Erodium cicu- 

92.4 

6.8 

60.2 

6.4 

11.6 

1.4 

32.2 

41.8 

5.4 

7 

tarium)*. : 

89.2 

7.8 

48.6 

5.2 

10.9 

2.9 

23.4 

40.2 

11.8 

6 

Barley hay 

Barley hay, heading out, dehy- 

91.9 

4.9 

64.1 

10.0 

7.5 

2.0 

26.6 

1 49.0 

6.8 

13 

drated* 

88.9 

8.7 

51.4 

4.9 

13.4 

3.0 

22.6 

41.1 

8.8 

1 

Barley straw 

90.0 

0.9 

44.5 

48.4 

3.7 

1.6 

37.7 

41.0 

6.0 

07 

Bean hay, moth or mat 

90.0 

10.9 

46.7 

3.3 

16.2 

2.4 

16.0 

41.4 

14.0 

2 

Bean hay, mung* 

90.3 

7.4 

49.3 

5.7 

9.8 

2.2 

24.0 

46.6 

7.7 

3 

Bean hay, tepary* 

90.0 

12.8 

48.8 

2.8 

17.1 

2.9 

24.8 

34.7 

10.5 

6 

Bean straw, field 

89.1 

3.0 

45.2 

14.1 

6.1 

1.4 

40.1 

34.1 

7.4 

20 

Beggarweed hay* 

90.9 

11.1 

49.2 

3.4 

15.2 

2.3 

28.4 

37.2 

7.8 

13 

1 

Bent grass hay, creeping* 

90.0 

3.6 

63.6 

13.9 

5.8 

1.8 

26.9 

49.9 

5.6 

Bermuda grass hay 

90.7 

3.7 

43.0 1 

10.6 

7.3 1 

1.8 

25.6 

48.4 

7.6 

17 

Bermuda grass hay, poor quality* 

90.0 

2.3 

42.1 

17.3 

5.8 

0.9 

38.8 

37.7 

6.8 

1 

Berseem, or Egyptian clover* , . . 

91.7 

9.8 

66.6 i 

4.8 

13.4 

2.7 i 

21.0 

42.7 

11.9 

4 

Black grass hay {Juncus Cerardi)* 

89.7 

6.6 

66.0 

8.8 

7.5 

2.5 1 

25.1 

47.3 

7.3 

21 

10 

Bluegrass hay, Canada 

89.3 

2.8 

63.3 

18.0 

6.6 

2.3 

28.2 

46.4 

5.8 

Bluegrass hay, Kentucky, all anal. 

89.4 

4.7 

53.3 

10.3 

8.2 

2.8 

29.8 

42.1 

6.5 

25 

Bluegrass hay, Kentucky, in seed* 

87.3 

2.2 

41.6 

17.9 

5.5 

2.5 

31.0 

41.9 

6.4 

3 

Bluegrass hay, native western*. . . 
Bluejointhay {Calamagrostis Ca- 

91.9 

6.7 

62.6 

6.9 

11.2 

3.0 

29.8 

,39.9 

8.0 

7 

nadensis)* 

88.6 

3.3 

45.6 

12.8 

7.2 

2.3 

32.9 

39.6 

6.5 

10 

Bluestemhav {Andropogon^ spp.)* 

86.6 

2.6 

48.2 

18.3 

5.4 

2.2 

30.2 

43.4 

5.4 

51 

Bromegrass hay, all analyses 

Bromegrasshay, before bloom . . . 

88.1 

6.0 

48.9 

8.8 

9.9 

2.1 

28.4 

39.5 

8.2 

74 

89.0 

7.4 

48.2 

5.5 

14.5 

2.3 

24.6 

37.9 

9.7 

15 

1 

1 

Broom corn stover* 

90.6 

0.9 

44.7 

48.7 

3.9 

1.8 

36.8 

42.4 

5.7 

^rush /eed* 

96.0 

0.2 

13.3 

65.5 

5.4 

2.4 

46.5 

37.9 

2.8 

iBuckwheat hulls* 

90.0 

0.1 

28.0 

27.0 

4.3 

0.9 

44.4 

38.3 

2.1 

18 

3 

15 

Buckwheat straw* 

'Buffalo grass hay {Btdbilis dacty- 

90.1 

1.2 

32.3 

26.9 

6.2 

1.3 

43.0 

35.1 

6.5 

loides) 

88.7 

S .7 

47.7 

11.9 

6.8 

i.8 

23.8 

46.2 

10.1 

Bunch grass hay, misc. var.* 

91.7 

2.7 

48.7 

17.0 

5.8 

2,0 

,30.4 

44.1 

9.4 
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Table I. Average composition and digestible nutrients. 


Mineral and fertilizing constituents 


Digestion coefficients 


Feeding stuff 

Calcium 

Phos- 

phorus 

Nitro- 

gen 

Potas- 

sium 

Protein 

Fat 

Fiber 

N-free 

extract 

No. of 
trials 

Dry Roughages 

Per ct. 

Per ct. 

Per ct. 

Per ct. 

Per ct. 

Per ct. 

Per ct. 

Per ct. 


Alfalfa hay, all analyses 

Alfalfa hay, very leafy (less than 

1.43 

0.21 

2.35 

2.02 

72 

32 

43 

71 

242 

25% fiber) 

1.69 

0.24 

2.64 

2.20 

75 

33 

41 

76 

28 

Mfalfa hay, leafy (25-28% fiber) 

1.27 

0.22 

2.56 

2.17 

75 

34 

42 

72 

49 

Alfalfa hay, good (28-31% fiber) 

1.15 

0.22 

2.29 

1.85 

72 

34 

43 

71 

76 

Alfalfa hay, fair (31-34% fiber) 
Alfalfa hay, stemmy (over 34% 

1.15 

0.21 

2.16 

1.81 

71 

31 

44 

70 

40 

fiber) 

1.01 

0.19 

1.94 

1.70 

68 

28 

45 

67 

49 

Alfalfa hay, before bloom 



3.04 







Alfalfa hay, 1/10 to 3^ bloom. . . 



2.38 







Alfalfa hay, % to full bloom. . . . 



2.24 







Alfalfa hay, past bloom 



2.05 


67 

34 

4i 

60 

*6 

Alfalfa hay, dehydrated 



2.82 







Alfalfa hay, brown 



2.34 


68 

0 

50 

71 

5 

Alfalfa leaf meal, good 

L90 

o!22 

3.38 

2!42 





. . 

Alfalfa leaf meal, high in fiber. . . 



3.14 






, . 

Alfalfa leaves 

2‘.25 

0.23 

3.50 

2^46 

77 

30 

56 

76 

18 

Alfalfa meal, good 

1.31 

0.17 

2.43 

1.91 

71 

30 

50 

73 

6 

Alfalfa meal, stemmy 



1.98 


71 

30 

50 

68 

2 

Alfalfa stem meal 



1.84 







Alfalfa stems 

0.70 

0.14 

1.60 

2.67 

51 

48 

39 

59 

18 


Alfalfa straw 

Alfalfa and timothy hay 

Alfilaria, dry {Erodium cicu- 

tarium) 

Barley hay 

Barley hay, heading out, dehy- 
drated 

Barley straw 

Bean hay, moth or mat 

Bean hay, mung 

Bean hay, tepary 

Bean straw, field 

Beggarweed hay 

Bent grass hay, creeping 

Bermuda grass hay 

Bermuda grass hay, poor quality 
Berseeui, or Egyptian clover, . . . 
Black grass hay (juncus Gerardi) 

Bluegrass hay, Canada 

Bluegrasshay, Kentucky, all anal 
Bluegrass hay, Kentucky, in seed 
Blue§;rass hay, native western . . . 
Bluejoint hay {Calamagrostis Ca- 
nadensis) 


0.41 1.74 

0.29 1.20 1.37 


1.67 

0.13 

0.98 

1.02 

1.05 

0.27 

2.43 

2.32 



0.93 


0.48 

0.20 

1.17 

1.42 



0.93 


3!27 

0’.28 

2.14 

2!65 


0.09 

1.20 

1.56 


0.20 

1.06 

1.94 

0.30 

0.22 

1.31 

1.26 


65 

41 

62 

63 

25 

39 

54 

53 

67 

11 

52 

65 

49 

57 

43 

68 

51 

45 

52 

52 

43 

37 

70 

62 

57 

52 

66 

61 


Bluestem hay (Andropogon, spp.) 



0.86 

2.35 

Bromegrass hay, all analyses. . . . 

0.20 

0.28 

1.58 

Bromegrass hay, before bloom . . 



2.32 


Broom corn stover 



0.62 


Brush feed 



0.86 


Buckwheat hulls 


0.02 

0.69 

0.62 

Buckwheat straw 


0.06 

0.83 

0.94 

Buffalo grass hay {Bulbilis dacty- 
loides) 

0.70 

0.13 

1.09 

1.36 

Bunch erass hay, misc. var 



0.93 



39 59 64 


45 61 60 
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Table I. Average composition and digestible nutrients — continued. 


Feeding stuff 

Total 

dry 

matter 

Dig. 

protein 

Total 

Nutri- 

tive 

ratio 


Average total composition 


nutri- 

ents 

Protein 

Fat 

Fiber 

N-free 

extract 

Mineral 

matter 

No. of 
anal. 

Dry Roughages — Cont . 

Per ct. 

Per ct. 

Per ct. 

1: 

Per ct. 

Per ct. 

Per ct. 

Per ct. 

Per ct. 


Carpet grass hay* 

92.1 

3.1 

60.0 

15.1 

7.0 

2.2 

31.8 

40.9 

10.2 

1 

Cat tail, or tule hay (Typha 
augusUfolia)* 

90.8 

2.3 

86.6 

14.9 

5.8 

1.7 

30.8 

44.3 

8.2 

2 

Chamiza, leafy twigs (A triplex 
canescens) 

94.5 

16.3 

46.0 

28.4 

20.4 

3.3 

12.0 

34.8 

24.0 

30 

Chess, or cheat hay (Bromtt^,spp.) 

91.7 

2.9 

40.4 

12.9 

6.9 

2.1 

29.2 

46.1 

7.4 

12 

Clover hay, alsike, all anal 

89.0 

7.7 

49.0 

5.4 

12.0 

2.2 

27.1 

39.8 

7.9 

45 

Clover hay, alsike, in bloom 

89.0 

8.6 

62.7 

5.1 

13.4 

3.2 

26.9 

37.7 

7.8 

5 

Clover hay, bur 

92.1 

13.4 

64.4 

3.1 

18.4 

2.9 

22.9 

37.8 

10.1 

14 

Clover hay, crimson 

89.4 

9.7 

48.8 

4.0 

14.1 

2.3 

27.3 

36.9 

8.8 

18 

Clover hay, mammoth red* 

88.0 

6.9 

61.7 

6.5 

11.7 

3.4 

29.2 

37.0 

6.7 

19 

Clover hay, red, all analyses .... 

88.2 

7.0 

61.9 

6.4 

11.8 

2.6 

27.3 

40.1 

6.4 

183 

Clover hay, red, leafy (less than 
26% fiber). 

88.2 

8.6 

64.6 

5.3 

13.4 

3.1 

23.6 

40.9 

7.2 

52 

Clover hay, redi' good quality 
25 to 31% fiber 

88.8 

6.8 

63.9 

6.9 

11.5 

.. 

27.4 

41.1 

6.2 

104 

Clover hay, red, stemmy (over 
31 % fiber)* 

88.2 

6.0 

60.9 

7.5 

10.1 

2.1 

34.1 

36.0 

5.9 

27 

Clover hay, red, before bloom*. . . 

89.6 

12.0 

66.4 

3.7 

18.7 

3.6 

18.3 

41.8 

7.2 

2 

Clover hay, red, in bloom 

88.2 

7.8 

63.4 

5.8 

12.6 

3.6 

26.2 

39.6 

6.2 

45 

Clover hay, red, past full bloom* . 

88.2 

7.3 

61.7 

6.1 

12.3 

3.6 

28.1 

36.8 

7.4 

9 

Clover hay, red, second cutting. . 

89.9 

8.8 

60.6 

4.8 

13.5 

3.0 

25.1 

41.3 

7.0 

15 

Clover hay, sweet, first year* .... 

93.3 

14.6 

63.6 

2.7 

19.5 

2.9 

21.0 

41.2 

8.7 

9 

Clover hay, sweet, second year. . . 

92.0 

10.6 

49.9 

3.8 

14.0 

2.0 

29.8 

38.7 

7.5 

28 

Clover hay, white 

88.0 

10.6 

66.6 

4.3 

14.4 

2.4 

22.5 

40.9 

7.8 

11 

Clover leaves, sweet* 

92.2 

20.6 

59.8 

1.9 

26.6 

3.2 

9.5 

41.9 

11.0 

10 

Clover stems, sweet* 

92,7 

6.4 

42.4 

6.9 

10.6 

1.1 

38.0 

35.6 

7.4 

10 

Clover straw, crimson* 

87.7 

1.7 

41.8 

23.6 

7.5 

1.5 

38.8 

32.9 

7.0 

3 

Clover and mixed grass hay, high 
in clover* 

89.7 

6.2 

60.6 

8.7 

9.6 

2.7 

28.8 

42.4 

6.2 

40 

Clover and mixed grass hay, 
second crop* 

89.0 

7.9 

53.6 

5.8 

12.1 

3.0 

28.5 

39.5 

5.9 

11 

Clover and timothy hay, all 
anal.* 

88.0 

4.4 

48.0 

9.9 

8.6 

2.3 

30.1 

41.0 

6.0 

57 

Clover and timothy hay, 30 to 
50% clover* 

91.9 

4.8 

61.4 

9.7 

9.2 

2.2 

31.9 

43.6 

5.0 

5 

Corn cobs, ground 

90.4 

0.4 

46.2 

114.5 

2.3 

0.4 

32.0 

54.1 

1.6 

58 

Corn fodder, well-eared, very dry 
(from barn or in arid districts) 

91.1 

4.1 

69.4 

13.5 

7.8 

2.2 

27.1 

47.6 

6.4 

59 

Corn fodder, medium in water. . . 

82.6 

8.6 

64.6 

14.6 

6.7 

2.1 

21.7 

46.9 

5.1 

69 

Corn fodder, high in water 

60.7 

2.6 

40.1 

15.0 

4.8 

1.4 

16.7 

34.2 

3.6 

23 

Corn fodder, sweet corn 

87.7 

6.9 

66.5 

8.6 

9.2 

1.8 

26.4 

41.3 

9.0 

6 

Corn husks, dried 

76.3 

0.4 

84.9 

86.3 

3.1 

0.8 

25.3 

44.5 

2.6 

18 

Corn leaves, dried* 

82.8 

4.2 

60.7 

11.1 

7.7 

1.9 

23.9 

42.6 

6.7 

28 

Corn stalks, dried* 

82.8 

1.0 

39.9 

38.9 

4.7 

1.5 

28.0 

43.3 

5.3 

20 

Corn stover (ears removed), very 
dry 

90.6 

i.2 

62.2 

22.7 

5.9 

1.6 

30.8 

46.5 

5.8 

186 

Corn stover, medium in water — 

81.0 

2.1 

46.2 

21.0 

5.7 

1.2 

27.7 

40.9 

5.5 

97 

Corn stoves, high in water 

69.0 

1.4 

83.9 

23.2 

3.9 

1.0 

20.1 

30.2 

3.8 

247 

Corn tops, dried 

Cotton bolls, dried 

82.1 

8.1 

61.0 

15.5 

5.6 

1.5 

27.4 

42.0 

5.6 

8 

90.8 

2.8 

42.6 

17.5 

8.7 

2.4 

30.8 

42.0 

6.9 

16 

Cotton leaves, dried* 

91.7 

8.4 

63.6 

5.4 

15.3 

6.8 

10.3 

43.5 

15.8 

17 

Cotton stems, dried*. . . 

92.4 

1.8 

87.8 

28.1 

5.8 

0.9 

44.0 

37.5 

4.2 

12 

Cottonseed hulls 

90.6 

0.1 

48.7 

436.0 

3.9 

0.9 

46.6 

36.7 

2.5 

38 

Cottonseed hull bran* 

91.6 

0.1 

44.7 

446.0 

3.4 

1.2 

34.8 

49.7 

2.5 

9 
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Table I. Average composition and digestible nutrients — continued. 


Feeding stuff 


Dry Roughages— Cont. 

Carpet grass hay 

Cat tail, or tule hay (Ty/ 
augustifolia) 


canescens ) . 


Clover hay, alsike, all anal 

Clover hay, alsike, in bloom . . . 

Clover hay, bur 

Clover hay, crimson 

Clover hay, mammoth red 

Clover hay, red, all analyses . . . 
Clover hay, red, leafy (less thai 

25% fiber) 

Clover hay, red, good qualit 
(25 to 31% fiber) ' 


31% fiber) 

Clover hay, red, before bloom. . . 

Clover hay, red, in bloom 

Clover hay, red, past full bloom. 
Clover hay, red, second cutting. . 
Clover hay, sweet, first year .... 
Clover hay, sweet, second year. . 

Clover hay, white 

Clover leaves, sweet 

Clover stems, sweet 

Clover straw, crimson 

Clover ^nd mixed grass hay, high 

in clover 

Clover and mixed grass hay, 

second crop 

Clover and timothy hay, all 
anal 


50% clover 

Corn cobs, ground 

Corn fodder, well eared, very dry, 
(from barn or in arid districts) 
Corn fodder, medium in water. . . 

Corn fodder, high in water 

Corn fodder, sweet corn 

Corn husks, dried 

Corn leaves, dried 

Corn stalks, dried 


Corn stover, medium in water. . . 

Corn stover, high in water 

Corn tops, dried 

Cotton bolls, dried 

Cotton leaves, dried 

Cotton stems, dried 

Cottonseed hulls 

Cottonseed hull bran 


Mineral and fertilizing constituents 

Digestion coefficients 

Calcium 

Phos- 

phorus 

Nitro- 

gen 

Potas- 

sium 

Protein 

Fat 

Fiber 

N-free 

extract 

No. of 
trials 

Per ct. 

Per ct. 

Per ct. 

Per ct. 

Per ct. 

Per ct. 

Per ct. 

Per ct. 




1.12 









0.93 









3.26 


75 



71 

4 

0.33 

0.25 

1.10 

1.47 

42 

32 

46 

49 

1 

0.76 

0.23 

1.92 

1.44 

64 

43 

49 

65 

12 



2.14 







1.32 

0.45 

2.94 

2.96 

73 

42 

53 

69 

12 

1.31 

0.20 

2.26 

1.86 

69 

44 

47 

65 

13 


0.24 

1.87 







1.21 

0.18 

1.89 

1.58 

59 

58 

51 

69 

33 



2.14 









1.84 


59 

59 

56 

69 

22 

0.99 

0.15 

1.62 

1.77 







0.32 

2.99 

1.85 



. 




0.25 

2.02 

1.28 

62 

54 

53 

69 

4 


0.17 

1.97 

0.91 








2.16 


65 

60 

47 

63 

4 

1.47 

0.22 

3.12 

1.56 





, , 

0.95 

0,19 

2.24 

1.79 

75 

3i 

34 

72 

3 

1.22 

0.26 

2.30 

1.66 

73 

51 

61 

70 

1 



4.26 






. . 



1.70 









1.20 







0.83 

0.17 

1.54 

1.49 








1.94 




1 



0.65 

0.17 

1.38 

1.45 






0.74 

0.17 

1.47 

1.47 







0.02 

0.37 

0.37 

19 

25 

56 

51 

*9 

0.24 

0.16 

1.25 

0.82 

52 

73 

66 

71 

15 

0.21 

0.14 

1.07 

0.74 






0.16 

0.11 

0.77 

0.55 







0.17 

1.47 

0.98 

64 

74 

74 

68 

*6 

0.14 

0.11 

0.50 

0.50 

13 

26 

52 

47 

7 



1.23 









0.75 

o!75 





•• 

0.46 

0.09 

0.94 

1.67 

37 

62 

66 

59 

35 

0.41 

0.08 

0.91 

1.50 





, , 

0.30 

0.06 

0.62 

1.09 








0.90 


55 

71 

1 n 

62 

*2' 



1.39 


26 

64 

39 

59 

4 

458 

oiis 

2.45 

1.36 





. . 



0.93 






, , 

o’, is 

o!io 

0.62 

0‘.94 

2 

76 

51 

50 

33 



0.54 






. . 
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Table I. Average composition and digestible nutrients — continued. 


Feeding stuff 

Total 

dry 

matter 

Dig. 

protein 

Total 

dig. 

nutri- 

ents 

Nutri- 

tive 

ratio 


Average total composition 


Protein 

Fat 

Fiber 

N-free 

extract 

Mineral 

matter 

No. of 
anal. 

Dry Roughages— Cont. 

Per ct. 

Per ct. 

Per ct. 

1: 

Per ct. 

Per ct. 

Per ct. 

Per ct. 

Per ct. 


Cowpea hay, all analyses 

90.4 

12.6 

49.4 

2.9 

18.6 

2.6 

23.3 

34.6 

11.3 

41 

Cowpea hay, before bloom 

90.4 

17.6 

46.2 

1.6 

25.7 

2.5 

20.2 

25.0 

17.0 

13 

Cowpea hay, in bloom to early pod 

89.9 

12.3 

60.3 

3.1 

18.1 

3.2 

21.8 

36.7 

10.1 

7 

Cowpea hay, ripe 

90.0 

6.9 

61.2 

6.4 

10.1 

2.5 

29.2 

41.8 

6.4 

3 

Cowpea straw* 

91.5 

1.6 

36.1 

21.6 

6.8 

1.2 

44.6 

33.6 

5.4 

1 

Cowpea and millet hay* 

90.3 

8.8 

46.4 

4.3 

13.7 

2.2 

27.6 

32.0 

14.8 

2 

Crab grass hay 

Crowfoot grass hay (Eleusine, 

90.6 

3.6 

46.8 

12.1 

8.0 

2.4 

28.7 

42.9 

8.5 

9 

spp.)* 

90.6 

3.8 

46.9 

11.1 

8.6 

2.2 

27.4 

44.4 

7.9 

10 

Dolichos lablab hay 

90.2 

10.7 

62.6 

3.9 

14.8 

1.4 

33.6 

33.6 

6.8 

1. 

Durra fodder* 

89.9 

3.3 

63.9 

15.3 

6.4 

2.8 

24.1 

51.4 

5.2 

3 

Emmer hay* 

90.0 

6.2 

46.4 

7.7 

9.7 

2.0 

32.8 

36.4 

9.1 

4 

Fescue hay, meadow* 

Fescue hay, native wesjtern {Fes- 

89.2 

4.3 

62.3 

11.2 

7.0 

1.9 

30.3 

43.2 

6.8 

25 

tucaf spp.)* * 

90.0 

6.3 

63.6 

9.1 

8.5 

2.0 

31.0 

42.8 

5.7 

13 

Feterita stover* 

86.3 

1.8 

49.3 

26.4 

5.2 

1.7 

29.2 

41.9 

8.3 

1 

Flax plant by-product 

92.4 

0.3 

12.0 

39.0 

6.3 

1.2 

46.8 

32.4 

6.7 

2 

Flax straw 

92.8 

6.8 

38.1 

6.6 

7.2 

3.2 

42.5 

32.9 

7.0 

11 

Fowl meadow grass hay* 

87.4 

6.4 

61.1 

8.5 

8.7 

2.3 

29.7 

39.5 

7.2 

8 

Foxtail hay, miscellaneous* 

90.0 

5.4 

51.4 

8.5 

8.7 

2.4 1 

28.1 

41.3 

9.5 

17 

Furze, dried* 

Gama grass hay (Tripsacum dac- 

tyloides)* 

Grama grass hay {Bouteloua, 

94.6 

8.6 

36.1 

3.2 

11.6 

2.0 

38.5 

35.4 

7.0 

1 

88.2 

4.0 

61.2 

11.8 

6.7 

1.8 

30.4 

43.1 

6.2 

3. 

spp.)* 

Grass hay, mixed, eastern states, 

89.8 

3.6 

61.1 

13.6 

5.8 

1.6 

28.9 

45.6 

7.9 

59 

good quality 

89.0 

3.6 

61.7 

13.8 

7.0 

2.5 

30.9 

43.1 

5.5 

39 

Grass hay, mixed, second cutting* 

89.0 

8.0 

63.4 1 

5.7 

12.3 

3.3 

24.8 

41.7 

6.9 

67 

Grass straw 

86.0 

1.8 

40.0 

21.2 

4.5 

2.0 

35.0 

37.8 

5.? 


Greasewood, dried* 

96.4 

14.7 

39.7 

1.7 

19.8 

2.4 

24.5 

34.3 

14.4 

’’i 

Guar hay 

90.7 

12.4 

61.6 

3.2 

16.5 

1.3 

19.3 

41.2 

12.4 

1 

Hair grass hay, miscellaneous* . . . 
Harding grass hay (Phalaris 

90.0 

3.6 

46.6 

12.3 

8.0 

2.1 

30.1 

43.3 

6.5 

17 

tuberosGt var. stenoptera)* 

90.0 

2.8 

60.6 

17.1 

6.3 

1.5 

31.7 

43.9 

6.6 

1 

Hegari stover* 

72.1 

1.1 

39.1 

34.5 

3.3 

1.6 

22.9 

33.3 

11.0 

1 

Hops, dried, spent 

93.8 

6.7 

29.0 j 

3.3 

23.0 

3.6 

24.5 

37.4 

5.3 


Horse bean hay* 1 

91.6 

9.1 

64 . 0 ) 

4.9 

13.4 

0.8 

22.0 

49.8 

5.5 

‘i 

Horse bean straw 

87.9 

4.2 

44.2 

9.5 

8.6 

1.4 

36.4 

33.1 

8.4 

2 

Johnson grass hay 

June grass hay, western, {Koel- 

90.1 

2.9 

60.3 

16.3 

6.5 

2.1 

30.4 

43.7 

7.4 

37 

eria cristata)* 

88.3 

4.9 

61.0 

9.4 

8.1 

2.5 

30.4 

40.5 

6.8 

17 

Kafir fodder, dry 

91.1 

4.6 

64.1 

10.8 

8.9 

2.8 

26.8 

43.2 

9.4 

21 

Kafir fodder, high in water 

71.7 

3.4 

46.7 

12.4 

6.5 

2.7 

21.6 

37.6 

3.3 

2 

Kafir stover, medium in water . . . 

83.7 

1.7 

47.7 

27.1 

5.1 

1.7 

27.4 

41.2 

8.3 

3 

Kafir stover, high in water 

72.7 

1.3 

41.3 

30.8 

3.8 

1.3 

23.7 

36.6 

7.3 

4 

Kudzu vine hay* 

90.0 

12.0 

60.8 

3.2 

17.7 

2.8 

29.1 

33.3 

7.1 

2 

Lespedeza hay, annual, all anal.* . 
Lespedeza hay, annual, before 

89.1 

9.2 

62.2 

4.7 

12.8 

2.3 

26.2 

42.4 

6.4 

38 

89.0 

10.7 1 

66.6 

4.2 

14.2 

2.6 

20.8 

45.2 

6.2 

3 

Lespedeza hay, annual, in bloom* 
Lespedeza hay, annual, after 

89.0 

10.1 1 

63.1 

4.3 

13.4 

1.8 

25.8 

42.8 

5.2 

6 

89.0 

8.9 

61.1 

4.7 

12.5 

1.6 

31.3. 

39.1 

4.5 

6 

Lespedeza hay, perennial* 

89.0 

10.7 

61.9 

3.9 

14.9 

1.4 

27.8 

39.6 

5.3 

6 

Lespedeza leaves, annual* 

89.0 

13.1 

68.9 

3.5 

17.0 

2.7 

19.7 

43.3 

6.3 

13 

Lespedeza stems, annual* 

89.0 

4.4 

42.4 

8.6 

8.6 

0.9 

38.0 

37.7 

3.8 

LiL 



APPENDIX 


959 


Table I. Average composition and digestible nutrients — continued. 


Feeding stuff 

Mineral and fertilizing constituents 


Digestion coefficients 


Calcium 

Phos- 

phorus 

Nitro- 

gen 

Potas- 

sium 

Protein 

Fat 

Fiber 

N-free 

extract 

No. of 
trials 

Dry Roughages— Cont. 

Per ct. 

Per ct. 

Per ct. 

Per ct. 

Per ct. 

Per ct. 

Per ct. 

Per ct. 


Cowpea hay, all analyses 

1.13 

0.25 

2.98 

1.45 

68 

39 

47 

68 

4 

Cowpea hay, before bloom 



4.11 







Cowpea hay, in bloom to early pod 



2.90 







Cowpea hay, ripe 



1.62 







Cowpea straw 



1.09 







Cowpea and millet hay 



2.19 







Crab grass hay 

Crowfoot grass hay {Eleusine, 



1.28 


44 

43 

60 

53 

8 

spp-) 



1.38 







Dolichos lablab hay 



2.37 


72 

52 

55 

65 

2 

Durra fodder 



1.02 







Emmer hay 



1.55 







Fescue hay, meadow 

Fescue hay, native western {Fes- 


0.20 

1.12 

1.43 






tucGf spp.) 



1.36 







Feterita stover 



0.83 







Flax plant by-product 



1.01 


5 

25 

5 

27 

3 

Flax straw 

0.45 

0.07 

1.15 

0.68 

81 

93 

26 

44 

2 

Fowl meadow grass hay 



1.39 







Foxtail hay, miscellaneous 



1.39 






, . 

Furze, dried 

Gama grass hsiy {Tripsacum dac- 

•• 


1.86 







tyloides) 

Grama grass hay {Bouteloua, 



1.07 







spp.) 

Grass hay, mixed, eastern states, 



0.93 







good quality 

0.48 

0.17 

1.12 

1.36 

50 

47 

61 . 

62 

31 

Grass hay, mixed, second cutting 

0.79 

0.33 

1.97 

2.24 






Grass straw 



0.72 


40 

40 

50 

50 

, . 

Greasewood, dried 


0’.24 

3.17 

2!40 






Guar hay 



2.64 


75 

16 

45 

73 

2 

Hair grass hay, miscellaneous . . , 
Harding grass hay (Phalaris- 


o!20 

1.28 

L44 






tuberosa, var. stenoptera) 



1.01 







Hegari stover 



0.53 




. . 



Hops, dried, spent 



3.68 


29 

26 

23 

39 


Horse bean hay 



2.14 







Horse bean straw 



1.38 


49 

57 

43 

68 

*5 

Johnson grass hay 

June grass hay, western {Koel- 

0.87 

0’.26 

1.04 

1.22 

44 

46 

67 

57 

9 

eria cristata) 



1.30 







Kafir fodder, dry 

0.47 

0.17 

1.42 

1.54 

52 

59 

61 

68 

12 

Kafir fodder, medium in water . , 

0.37 

0.13 

1.04 

1.22 






Kafir stover, dry 



0.82 


34 

75 

67 

60 

*5 

Kafir stover, high in water 



0.61 






. . ’ 

Kudzu vine hay 


0’.27 

2.83 

. . 






Lespedeza hay, annual, all anal.. 
Lespedeza hay, annual, before 
bloom 

0.99 

0.19 

2.05 

0.84 






1.24 

0.17 

2.27 

0.82 






Lespedeza hay, annual, in bloom 
Lespedeza hay, annual, after 
bloom 

1.09 

0.18 

2.14 

0.90 






0.87 

0.15 

2.00 

0.78 






Lespedeza hay, perennial 

1.01 

0.24 

2.38 

0.91 






Lespedeza leaves, annual 

1.34 

0.20 

2.72 

0.86 






Lespedeza stems, annual 

0.64 

0.13 

1.38 

0.80 
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Table I. Average composition and digestible nutrients — continued. 


Feeding stuff 

Total 

dry 

matter 

Dig. 

Total 

dig. 

nutri- 

ents 

Nutri- 

tive 

ratio 


Average total composition 


protein 

Protein 

Fat 

Fiber 

N-free 

extract 

Mineral 

matter 

No . of 
anal, 

Dry Roughages — Cont . 

Per ct. 

Per ct. 

Per ct. 

1: 

Per ct. 

Per ct. 

Per ct. 

Per ct. 

Per ct. 


Lespedeza straw, excellent* 

90.0 

3.5 

46.1 

11.9 

6.8 

2.3 

29.2 

47.1 

4.6 

1 

Marsh or swamp hay, fair quality 

90.2 

2.9 

40.6 

13.0 

7.7 

2.3 

28.2 

44.3 

7.7 

37 

Mesquite grass hay 

90.0 

2.3 

31.6 

12.7 

4.9 

1.6 

26.9 

40.8 

15.8 

1 

Millet hay, common or Hun- 
garian 

90.0 

6.2 

61.6 

8.9 

8.7 

2.8 

25.5 

46.4 

6.6 

59 

Millet hay, common, heading 
out, dehydrated* 

88.6 

7.3 

61.0 

7.4 

11.4 

2.4 

17.9 

48.3 

8.5 

3 

Millet hay, German* 

91.3 

4.8 

52.0 

9.8 

8.0 

2.6 

27.3 

46.5 

6.9 

22 

Millet hay, hog or broom-corn*. . 

90.7 

6.3 

61.8 

8.8 

8.8 

2.5 

21.3 

52.2 

5.9 

5 

Millet hay, Japanese 

86.6 

6.1 

47.3 

8.3 

8.3 

1.6 

27.6 

40.8 

8.2 

14 

Millet hay, pearl, or cat- tail. . . . 

87.2 

4.2 

49.8 

10.9 

6.7 

1.7 

33.0 

36.8 

9.0 

6 

Millet straw* 

90.0 

1.5 

42.6 

27.3 

3.8 

1.6 

37.5 

41.6 

5.5 

6 

Milo fodder, dry 

88.9 

4.3 

63.0 

11.3 

8.2 

3.9 

22.5 

47.6 

6.7 

12 

Milo stover, dry* 

91.0 

1.1 

48.8 

43.4 

3.2 

1.1 

29.1 

48.1 

9.5 

1 

Napier grass hay, mature* 

89.1 

3.3 

44.1 

12.4 

8.2 

1.8 

34.0 

34.6 

10.5 

1 

Napier grass hay, immature* 

88.4 

8.2 

46.4 

4.5 

18.2 

1.3 

26.6 

28.5 

13.8 

1 

Natal grass hay* 

90.2 

3.0 

47.9 

15.0 

7.4 

1.8 

36.8 

39.2 

5.0 


Natal grass hay, in seed 

90.0 

1.4 

48.1 

33.4 

3.6 

1.4 

38.4 

41.9 

4.7 

i 

Native hay, western mt. states, 
good quality 

90.0 

4.9 

62.0 

9.6 

8.1 

2.1 

29.8 

43.3 

6.7 

42 

Native hay, western mt. states, 
matured and weathered 

90.0 

1.6 

36.6 

21.9 

3.9 

1.4 

33.6 

43.6 

7.5 

46 

Needle grass hay {Stipa, spp.)*. . . 

88.1 

4.3 

61.1 

10.9 

7.2 

2.0 

30.8 

41.9 

6.2 

38 

Nerved manna grass hay {Pant' 
cularia nervata)* 

90.0 

4.6 

61.0 

10.9 

7.7 

1.8 

27.4 

44.9 

8.2 

4 

Oak leaves (live oak) 

93.8 

0.0 

17.0 


9.3 

2.7 

29.9 

45.3 

6.6 

2 

Oat chaff* 

91.8 

1.3 

40.9 

30.5 

6.9 

2.4 

25.7 

46.3 

11.5 

4 

Oat hay 

88.0 

4.5 

1 46.3 

9.3 

8.3 

2.7 

28.4 

41.7 

6.9 

88 

Oat hay, heading out, dehy- 
drated* 

87.7 

9.6 

60.8 

5.4 

14.9 

3.5 

20.2 

40.7 

8.4 

23 

Oat hay wild {Avena fatua )* .... 

92.6 

3.6 

48.7 

12.5 

6.6 

2.6 

32.5 

44.0 

6.8 

11 

Oat hulls 

93.6 

0.8 

38.3 

46.9 

3.8 

1.2 

30.6 

61.2 

6.7 

16 

Oat straw 

89.6 

0.9 

44.1 

48.0 

4.0 

2.3 

36.1 

41.2 

6.0 

67 

Oat grass hay, downy {Danthonia 
sptcatum) 

89.0 

6.1 

66.5 

8.3 

10.5 

2.3 

29.0 

42.6 

4.6 

1 4 

Oat grass hay, tall, or meadow 
grass 

88.7 

3.8 

48.2 

11.7 

7.5 

2.4 

30.1 

42.7 

6.0 

15 

Orchard grass hay, early cut 

88.6 

4.6 

49.6 

9.8 

7.7 

2.9 

30.6 

40.7 

6.8 

50 

Panic grass hay (Panicum^ spp.)* 

92.1 

6.0 

63.1 

9.6 

8.3 

2.3 

29.5 

44.9 

7.1 

21 

Para grass hay 

90.2 

2.1 

41.7 

18.9 

4.6 

0.9 

33.6 

44.5 

6.6 

3 

Pasture grasses and clovers, 
mixed, from closely-grazed, 
fertile pasture, dried 

90.0 

13.1 

64.7 

3.9 

18.0 

3.5 

20.1 

40.1 

8.3 

262 

Pasture grasses, mixed, from poor 
to fair pasture, before heading 
out, dried* 

90.0 

9.9 

68.3 

4.9 

14.1 

2.3 

19.4 

43.2 

11.0 

40 

Pasture grass, dried, western 
plains, clipped frequently* — 

90.0 

18.6 

61.8 

2.3 

25.3 

3.3 

19.9 

30.2 

11.3 

33 

Pasture grass, dried, western 
plains, autumn* 

90.0 

6.3 

60.0 

8.6 

9.0 

3.9 

27.6 

40.1 

9.4 

5 

Pasture grass, dried, western mt. 
states, growing actively* 

90.0 

8.6 

59.3 

6.9 

12.3 

2.4 

26.2 

40.0 

9.1 

9 

Pea hay, field 

89.2 

11.6 

56.9 

3.9 

14.9 

3.2 

24.5 

38.9 

7.7 

34 

Pea hay, Tangier* 

Pea hulls* 

89.0 

8.3 

67.7 

6.0 

10.6 

1.1 

26.1 

44.2 

7.0 

2 


1.6 

46.0 

27.8 

7.3 

1.0 

42.4 

38.1 

3.6 

4 
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Tabu? I. Average composition and digestible nntntnts— continued. 


Feeding stui! 

Mineral and fertilizing constituents 

Digestion coefficients 

Calcium 

Phos- 

phorus 

Nitro- 

gen 

Potas- 

sium 

Protein 

Fat 

Fiber 

N-free 

extract 

No. of 
trials 

Dry Roughages — Cont . 

Lespedeza straw, excellent 

Marsh or swamp hay, fair quality 
Mesquite grass hay 

Per ct. 

Per ct. 

Per ct. 

1.09 

1.23 

0.78 

Per ct. 

Per ct, 

38 

Per ct. 

49 

68 

Per ct. 

46 

45 

62 

Per ct. 

50 

36 

57 

1 

2 

Millet hay, common or Hun- 
garian 

0.30 

0.17 

1.39 

1.75 

60 

64 

« 

Millet, hay, common, heading 
out, dehydrated 

1.82 


Millet hay, German 


0.15 

1.28 

P 20 

1.76 

2.10 






Millet hay, hog or broom-corn . . 
Millet hay, Japanese 


0.19 

0.20 

1.41 

1.33 

ei 

47 

64 

56 

59 

4 

Millet hay, pearl, or cat-tail .... 
Millet straw 


OM 

1.07 

0.61 

L 44 

63 

46 

67 

2 

Milo fodder, dry 


1.31 


63 

61 

62 

*7 

Milo stover, dry 



0.51 




Napier grass hay, mature 



1.31 







Napier grass hay, immature .... 
Natal grass hay 

o!45 

o!29 

2.91 

1.18 







Natal grass hay, in seed 

0.58 



69 

59 

52 

*4 

Native hay, western mt. states, 
eood quality 



1.30 


60 

39 

62 

62 

22 

Native hay, western mt. states, 
mature and weathered 

0.26 

0.21 

0.62 


40 

25 

46 

43 

19 

Needle grass hay {Stipa^ spp.). . . 
Nerved manna grass hay (Pant' 
cularia nervata) 

1.15 

1.23 


Oak leaves (live oak) 



1.49 


0 

30 

10 

27 

1 

Oat chaff 

0^80 

0.30 

0.94 

o!86 


Oat hay 

0.22 

0.17 

1.33 

1.09 

54 

6 i 

52 

56 

22 

Oat hay, heading out, dehy- 
drated 

2.38 

Oat hay, wild {Avena fatua) 

Oat hulls 

0.22 

0.20 

0.25 

0.10 

1.06 

0.61 

0^48 

21 

30 

53 

40 

*3 

Oat straw 

0.36 

0,13 

0.64 

1.66 

22 

33 

59 

49 

30 

Oat ^rass hay, downy {Danthonia 
sptcatutn) 

1.68 

58 

51 

' 68 

66 

2 

Oat grass hay, tall, or meadow 
grass 


0.14 

1.20 

1.36 

51 

56 

55 

58 

2 

Orchard grass hay, early cut .... 
Panic grass hay {Panicum^ spp.). 
Para grass hay 

0^42 

0.17 

o ! i 6 

1.23 

1.33 

0.74 

1.61 

o!64 

60 

55 

45 

61 

53 

56 

47 

3 

*3 

Pasture grasses and clovers, 
mixed, from closely- grazed, 
fertile pasture, dried 

0.66 

0.29 

2.88 

1.94 

73 

59 

76 

79 

20 

Pasture grass, mixed.from poor to 
fair pasture, before heading 
out, dried 

0.45 

0.12 

2.26 

Pasture grass, dried, western 

plains, clipped frequently 

Pasture grass, dried, western 
plains, autumn 

4.05 

1.44 







Pasture grass, dried, western mt. 

<rrnwin£»‘ flctivelv 



1.97 







•••••• 

Pea hay, field 

1.36 

0.22 

2.38 

1.03 

78 

50 

51 

79 

3 

Pea hay, Tangier 


1.70 







Pea hulls 



1.17 
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Table I. Average composition and digestible nutrients — continued. 


Feeding stuff 1 

Total 

dry 

matter 

Dig. 

protein 

Total 

dig. 

nutri- 

ents 

Nutri- 

tive 

ratio 


Average total composition 


Protein 

Fat 

Fiber 

N-free 

extract 

Mineral 

matter 

No. of 
anal. 

Dry Roughages — Cont . 

Per ct. 

Per ct. 

Per ct. 

1: 

Per ct. 

Per ct. 

Per ct. 

Per ct. 

Per ct. 


Pea straw, field 

90.2 

3.2 

51.8 

15.2 

6.1 

1.6 

33.1 

44.0 

5.4 

22 

Peas and oats hay 

89.0 

8.9 

52.2 

4.9 

12.2 

2.8 

27.3 

38.9 

7.8 

30 

Peas, oats and barley hay* 

89.0 

9.8 

53.3 

4.4 

13.4 

3.2 

31.4 

34.6 

6.4 

1 

Peanut hay, without nuts or with 
few nuts 

91.4 

6.3 

67.8 

8.2 

9.7 

3.3 

23.3 

45.7 

9.4 

48 

Peanut hay, with nuts 

92.0 

10.2 

71.6 

6.0 

13.4 

12.6 

23.0 

34.9 

8.1 

11 

Peanut hay, mowed 

91.4 

6.9 

68.4 

7.5 

10.6 

5.1 

23.8 

42.2 

9.7 

6 

Peanut hulls 

92.3 

3.2 

27.3 

7.5 

6.7 

1.2 

60.3 

19.7 

4.4 

74 

Prairie hay, western, good quality 

90.4 

2.6 

49.2 

17.9 

5.7 

2.4 

30.3 

44.4 

7.6 

64 

Prairie hay, western, mature or 
weathered 

90.4 

0.6 

47.1 

77.5 

3.6 

3.4 

32.8 

43.7 

6.9 

3 

Quack, or couch grass hay* 

89.0 

2.8 

41.9 

14.0 

6.9 

1.9 

34.5 

38.8 

6.9 

4 

Red top hay, all analyses 

91.0 

4.6 

53.6 

10.9 

7.2 

2.3 

29.3 

45.3 

6.9 

49 

Red top hay, in))loom 

91.1 

4.6 

62.9 

10.8 

7.3 

2.2 

29.6 

44.0 

8.0 

16 

Reed canary grass hay* 

90.8 

3.5 

46.6 

12.3 

7.5 

2.4 

29.1 

44.4 

7.4 

1 12 

Rescue grass hay* 

90.2 

4.5 

46.3 

9.3 

9.8 

3.2 

24.6 

44.5 

8.1 

3 

Rhode Island bent grass hay* . . . 

88.6 

4.1 

62.6 

11.8 

6.6 

3.0 

29.5 

42.8 

6.6 

2 

Rhodes grass hay 

Rice hulls 

91.4 

3.1 

62.2 

15.8 

6.8 

1-7 

31.0 

42.4 

9.5 

6 

92.0 

0.1 

9.9 

98.0 

3.0 

0.8 

40.7 

28.4 

19.1 

39 

Rice straw 

92.6 

0.9 

39.4 

42.8 

3.9 

1.4 

33.5 

39.2 

14.5 

13 

Rush hay, western (Juncus,spp.) 

90.0 

7.0 

66.6 

7.1 

9.4 

1.8 

29.1 

44.3 

5.4 

46 

Ryegrass hay, Italian* 

88.6 

3.7 

45.1 

11.2 

8.1 

1.9 

27.8 

43.3 

7.5 

7 

Ryegrass hay, perennial* 

88.0 

4.2 

46.1 

9.7 

9.2 

3.1 

24.2 

43.4 

8.1 

14 

Ryegrass hay, native western* . . 

87.4 

3.6 

44.7 

11.4 

7.8 

2.1 

33.5, 

37.6 

6.4 

8 

Rye hay, all analyses* 

91.3 

2.8 

44.7 

15.0 

6.7 

2.1 

36.5 

41.0 

5.0 

15 

Rye hay, heading out, to bloom* 

91.8 

4.5 

47.6 

9.6 

9.8 

2.6 

33.9 

39.7 

5.8 

3 

Rye straw 

92.9 

0.7 

41.2 

57.9 

3.0 

1.2 

38.9 

46.6 

3.2 

7 

Sagebrush, dried* 

88.6 

8.0 

43.8 

4.5 

10.6 

4.6 

24.9 

38.9 

9.6 

7 

Sagebrush leaves, dried* 

Saltbushes, dried 

91.8 

11.2 

67.8 

4.2 

15.5 

14.5 

11.5 

44.0 

6.3 

3 

93.6 

10.2 

36.6 

2.6 

13.8 

1.6 

22.1 

38.8 

17.2 

27 

Saltbush leaves, dried* 

94.6 

10.3 

45.2 

3.4 

14.3 

2.0 

11.4 

41.4 

25.4 

18 

Saltgrass hay, misc, var.* 

90.0 

3.7 

46.9 

11.4 

8.1 

1.8 

28.8 

39.5 

11.8 

6 

Sanfoin hay {Onobrychis viciaefo- 
lia)* 

84.1 

7.6 

49.3 

5.5 

10.5 

2.6 

1 

19.7 

44.2 

7.1 

5 

Sedge hay, eastern (Carexj spp,)* 

90.7 

2.1 

34.7 

15.5 

6.1 

1.7 

29.2 

46.3 

7.4 

3 

Sedge hay, western {Car ex ^ spp.)* 

90.7 

3.5 

35.2 

9.1 

10.2 

2.4 

27.1 

44.3 

6.7 

68 

Serradella hay 

90.3 

11.8 

50.6 

3.3 

15.7 

2.5 

19.6 

40.2 

12.3 

5 

Sorghum bagasse, dried 

89.3 

0.6 

41.4 

68.0 

3.1 

1.4 

31.3 

50.0 

3.5 

3 

Sorghum fodder, sweet, dry 

89.2 

3.6 

52.7 

13.6 

6.4 

2.5 

25.8 

47.3 

7.2 

47 

Sorghum fodder, sweet, high in 
water 

66.2 

2.5 

39.8 

14.9 

4.4 

2.4 

16.6 

37.7 

4.1 

17 

Soybean hay, all analyses 

90.8 

11.1 

50.6 

3.6 

14.8 

3.3 

28.4 

37.0 

7.3 

77 

Soybean hay, in bloom or before . 

91.6 

13.1 

51.0 

2.9 

17.4 

3.4 

21.4 

39.3 

10.0 

8 

Soybean hay, seed developing. . . 

90.9 

11.2 

50.0 

3.5 

14.9 

2.4 

28.2 

38.0 

7.4 

22 

Soybean hay, seed well developed 

90.8 

11.9 

53.0 

3.5 

15.8 

5.1 

27.2 

36.6 

6.1 

16 

Soybean hay, seed nearly ripe. . . 

90.8 

11.8 

56.0 

3.7 

15.7 

6.9 

24.8 

39.3 

4.1 

2 

Soybean hay, poor quality, weath- 
ered. 

90.8 

4.6 

38.8 

7.6 

9.6 

11 

44.3 

28.1 

7.7 

4 

Soybean hay, immature, dehy- 
drated* 

88.0 

7.8 

61.4 

6.9 

12.2 

2.3 

19.0 

47.3 

7.2 

24 

Soybean straw 

88.8 

0.9 

36.5 

39.6 

4.0 

1.1 

41.1 

37.5 

6.1 

16 

Soybean and Sudan grass hay, 
chiefly Sudan* 

89.0 

3.6 

50.8 

13.1 

7.4 

2.2 

31.1 

43.4 

4.9 

1 

Spanish moss, dried 

89.2 

0.0 

51.4 

. . . 

5.0 

2.4 

26.6 

47.7 

7.5 

3 



964 


FEEDS AND FEEDING 


Table I. Average composition and digestible nutrients — continued. 


Feeding itufi 

Total 

dry 

matter 

Dig. 

protein 

Total 

dig. 

nutri- 

ents 

Nutri- 

tive 

ratio 


Average total composition 


Protein 

Fat 

Fiber 

N-free 

extract 

Mineral 

matter 

No. of 
anal. 

Dry Roughages — Cont . 

Per ct. 

Per ct. 

Perct. 

1: 

Perct. 

Perct. 

Per ct. 

Per ct. 

Per ct. 


Spear grass hay (Poa, spp.)* 

90.0 

4.3 

62.8 

11.3 

7.2 

2.0 

28.6 

46.7 

5.5 

33 

Spurrey, dried 

92.1 

8.1 

62.8 

5.5 

11.3 

4.5 

19.1 

46.8 

10.4 

7 

Sudan grass hay, all analyses. . . 

89.2 

4.3 

48.6 

10.3 

8.8 

1.6 

27.9 

42.9 

8.0 

108 

Sudan grass hay, before bloom . . 

89.6 

6.7 

46.0 

5.7 

11.4 

1.6 

25.9 

41.2 

9.5 

30 

Sudan grass hay, in bloom 

89.2 

4.7 

61.7 

10.0 

8.4 

15 

30.7 

41.7 

6.8 

2 

Sudan grass hay, in seed 

89.6 

2.6 

60.2 

19.1 

6.8 

1.6 

29.9 

44.4 

6.8 

11 

Sudan, grass, immature, dehy- 
drated 

88.0 

9.3 

69.6 

5.4 

14.5 

2.5 

20.4 

41.2 

9.4 

45 

Sudan grass straw 

90.4 

3.3 

44.6 

12.5 

7.1 

1.5 

33.0 

42.3 

6.5 

3 

Sugar cane fodder, dried, Japan- 
ese* 

89.0 

0.7 

66.8 

78.7 

1.3 

1.8 

19.7 

64.3 

1.9 

1 

Sugar cane bagasse, dried* 

96.6 

0.2 

46.9 

228.5 

1.1 

0.4 

49.6 

42.0 

2.4 

1 

Sugar cane pulp, ‘dried* 

Sweet potato vines, dried* 

94.2 

0.3 

44.4 

147.0 

1.7 

0.6 

46.0 

42.1 

3.8 

10 

90.7 

8.6 

61.4 

5.0 

12.6 

3.3 

19.1 

45.5 

10.2 

9 

Sweet vernal grass hay {An- 
tkoxanihum oderatum)* 

90.6 

2.6 

47.7 

18.1 

5.5 

1.9 

28.7 

49.1 

5.4 

2 

Switch grass hay (Panicum virga- 
tum)* 

90.0 

2.4 

43.1 

17.0 

5.9 

2.0 

30.4 

46.0 

5.7 

18 

Teosinte fodder, dried* 

89.4 

4.7 

64.9 

10.7 

9.1 

1.9 

26.4 

41.7 

10.3 

4 

Thistle hay, Russian* 

91.8 

1.7 

43.1 

24.4 

7.9 

0.9 

41.5 

33.1 

8.4 

2 

Timothy hay, all analyses 

88.7 

2.9 

46.9 

15.2 

6.2 

2.4 

30.1 

45.0 

5.0 

266 

Timothy hay, before bloom* 

88,7 

6.6 

60.2 

8.0 

10.1 

2.7 

27.5 

41.8 

6.6 

8 

Timothy hay, early bloom 

88.7 

4.2 

61.6 

11.3 

7.6 

2.4 

29.7 

44.6 

4.4 

25 

Timothy hay, fuirbloom 

88:7 

3.2 

48.0 

14.0 

6.2 

2.6 

30.3 

44.8 

4.8 

47 

Timothy hay, in bloom, nitrogen- 
fertilized 

88.7 

4.8 

61.8 

9.8 

8.8 

2.1 

31.5 

42.4 

3.9 

17 

Timothy hay, late bloom to early 
seed 

88.7 

2.4 

44.4 

17.5 

5.8 

2.9 

29.6 

45.7 

4.7 

23 

Timothy hay, late seed 

87.7 

2.1 

42.8 

19.4 

5.2 

2.2 

30.7 

45.2 

4.4 

32 

Timothy hay, second cutting*. , . 

88.7 

8.3 

60.3 

5.1 

15.0 

4.6 

25.4 

36.5 

7.2 

3 

Trefoil hay, yellow, or black 
medic {Medicago lupulina )*. . . 

88.8 

12.7 

63.8 

3.2 

16.9 

3.0 

14.8 

43.2 

10.9 

2 

Velvet bean hay* 

92.8 

12.3 

62.0 

3.2 

16.4 

3.1 

27.5 

38.4 

7.4 

4 

Vetch hay, common. 

91.8 

9.1 

67.8 

5.4 

13.6 

1.1 

26.0 

44.8 

6.3 

39 

Vetch hay, hairy 

87.9 

16.3 

67.0 

2.7 

19.4 

2.6 

24,8 

32.6 

8.5 

16 

Vetch hay, Hungarian* 

90.9 

9.6 

66.3 

4.9 

14.4 

1.8 

29.0 

38.2 

7.5 

1 

Vetch and oats hay, mostly 
vetch* 

90.0 

9.1 

62.6 

4.8 

12.5 

2.5 

29.3 

38.1 

7.6 

5 

Vetch and oats hay, mostly oats . 

89.8 

4.8 

63.0 

10.0 

6.6 

2.9 

29.4 

45.1 

5.8 

9 

Vetch and wheat hay 

90.0 

11.4 

68.0 

4.1 

15.4 

! 2.2 

28.8 

36.4 

7.2 

4 

Wheat chaff 

90.0 

1.3 

38.6 

28.6 

4.4 

1.5 

29.4 

47.1 

7.6 

1 

Wheat hay* 

89.0 

3.2 

46.6 

13.5 

5.9 

1.7 

26.1 

48.9 

6.4 

18 

Wheat hay, heading out, dehy- 
drated* 

88.1 

7.1 

60.7 

6.1 

12.7 

2.6 

214 

43.9 

7.8 

1 

Wheat straw 

90.1 

0.8 

36.7 

43.6 

3.8 

1.5 

35.7 

40.9 

4.2 

73 

Wheat grass hay, crested {Agro- 

fyron cHstatum)* 

Wheat grass hay, slender, or 
western rye grass* 

87.9 

6.9 

60.3 

6.3 

11.5 

2.1 

29.4 

37.7 

7.2 

25 

89.1 

6.4 

61.3 

8.5 

9.0 

2.1 

31.0 

40.0 

7.0 

43 

Wheat grass hay, misc. (Agro- 

pyron, spp.)* 

Winter fat, or white sage, dried 
(Eurotia lanata)* 

90.1 

4.9 

62.1 

9.6 

8.2 

2.5 

30.2 

42.3 

6.9 

54 

92.6 

7.7 

61.7 

5.7 

12.9 

1.9 

27.4 

40.8 

9.6 

8 

Wire grass hay, southern, {Aris- 
^>l0,.8pp.)* 

90.0 

1.9 

35.8 

17.8 

5.5 

1.4 

31.8 

47.9 

3.4 

50 
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Table I. Average composition and digestible nutrients — continued. 


Feeding stuff 

Mineral and fertilizing eonstituents 


Digestion coeflBicients 


Calcium 

Phos- 

phorus 

Nitro- 

gen 

Potas- 

sium 

Protein 

Fat 

Fiber 

N-free 

extract 

No. of 
trials 

Dry Roughages— Cont. 

Per ct. 

Per ct. 

Per ct. 

Per ct. 

Per ct. 

Per ct. 

Per ct. 

Per ct. 


Spear grass hay (Poa, spp.) 



1.15 







Spurrey, dried 



1.81 







Sudan grass hay, all analyses 



1.41 


49 

52 

64 

57 

16 

Sudan grass hay, before bloom . . 



1.82 


59 

40 

66 

48 

4 

Sudan grass hay, in bloom 



1.34 


56 

60 

65 

60 

4 

Sudan grass hay, in seed 

Sudan grass, immature, dehy- 
drated 



1.09 


37 

52 

64 

60 

5 

0.76 

0.30 

2.32 


64 

71 

71 

77 

6 

Sudan grass straw 

Sugar cane fodder, dried, Japan- 



1.14 


46 

35 

60 

48 

2 

ese 

0.32 

0.14 

0.25 

0.59 






Sugar cane bagasse, dried 



0.18 







Sugar cane pulp, dried 



0.27 







Sweet potato vines, dried 

Sweet vernal grass hay {An- 



2.02 







thoxanthum oderatum) 

Switch grass hay {Panicum virga- 



0.88 







turn) 



0.94 







Teosinte fodder, dried 


0.i7 

1.46 

0.88 






Thistle hay, Russian 



1.26 







Timothy hay, all analyses 

0.27 

o.ie 

0.99 

1.36 

46 

48 

5i 

58 

92 

Timothy hay, before bloom 



1.62 






, , 

Timothy hay, early bloom 

0.41 

0.21 

1.22 


55 

44 

63 

59 

8 

Timothy hay, full bloom 

Timothy hay, in bloom, nitrogen- 

0.27 

0,16 

0.99 

1.36 

51 

45 

55 

57 

15 

fertilized 

Timothy hay, late bloom to early 

0.40 

0.21 

1.41 

. , 


. . 


53 

25 

seed 



0.93 


42 

49 

49 

Timothy hay, late seed 



0.83 


40 

40 

51 

51 

13 

Timothy hay, second cutting 

Trefoil hay, yellow, or black 



2.40 







medic {Medicago lupulina) 


; 0.25 

2.70 







Velvet bean hay 


0.24 

2.62 

2.20 






Vetch hay, common 

0*86 

0.29 

2.18 

1.83 

67 


57 

72 ' 

5 

Vetch hay, hairy 


0.45 

3.10 

2.18 

79 

67 

59 

71 

8 

Vetch hay, Hungarian 

Vetch and oats hay, mostly 



2.30 







vetch 

0.62 

0.22 

2.00 

1.69 






Vetch and oats hay, mostly oats. 



1.06 


73 

62 

58 

60 

11 

Vetch and wheat hay 



2.46 


74 

64 

65 

68 

6 

Wheat chaff 

0'.21 

o!i4 

0.70 

0’.50 

30 

55 

48 

45 


Wheat hay 

Wheat hay, heading out, dehy- 

0.18 

0.21 

0.94 

1.47 






drated 



2.03 







Wheat straw 

Wheat grass hay, crested {Agro- 

0.22 

0.07 

0.61 

0.80 

20 

55 

40 

46 

14 

pyron cristatum) 

Wheat grass hay, slender, or 


0.24 

1.84 

2.38 






western rye grass 

Wheat grass hay, misc. {Agro- 

0.29 

1.44 






fyron, spp.)., 

Winter fat, or white sage, dried 

0.24 

0.22 

1.31 

2.08 






(Eurotia lanata) 

Wire grass hay, southern, {Arts- 


0.14 

2.06 







fida,8pp.) 

i 0.15 

0.88 



i 


•• 



966 


, FEEDS AND FEEDING 

Table I. Average composition and digestible nutrients — continued. 


Feeding stuff 


Dry Roughages— Cont. 

Wire grass hay, western, (Arts- 

tida, spp.)* 

Yucca (bear grass), dried 

Green Roughages, Roots, 
Etc* 

Alfalfa, green, all analyses 

Alfalfa, immature, to 10 in. high. 

Alfalfa, before bloom 

Alfalfa, in bloom 

Alfalfa, after bloom* 

Alfilaria (Er odium cicutarium )* . . 

Apples* 

Artichoke tubers^'. ... * 

Artichoke tops* 

Barley fodder 

Beet leaves, sugar* 

Beet tops, sugar 

Beets, roots, common* 

Beets, roots, sugar 

Beggarweed* 

Bermuda grass* 

Berseem* 

Bluegrasa, Canada* 

Bluegrass, Kentucky, all anal.*. . 
Bluegrass, Ky., before heading*. . 
Bluegrass, Ky,, headed out* .... 

Bluegrass, Ky., after bloom* 

Bluegrasses, native 

Bluejoint (Calamagrostis Cana- 
densis)* 

Brome grass, smooth, all anal.*, . 

Brome grasses, misc 

Broom-corn fodder* 

Buckwheat 

Bunch grasses, misc.* 

Cabbage, entire 

Cabbage, head, without outer 

leaves 

Cabbage waste, outer leaves .... 

Cactus, cane, entire plant* 

Cactus, cane, fruit* 

Cactus, cane, stems* 

Cactus, prickly pear, all anal 

Cactus, prickly pear, old joints* . 
Cactus, prickly pear, young joints* 

Carrots, roots 

Cassava roots 

Chamiza {^triplex canescens) 

Chufa tubers* 

Clover, alsike* 

Clover, bur* 

Clover, crimson 

Clover, hop, {Trefolium procum- 
hens) 


Total 

dry 

matter 

Dig. 

protein 

Total 

dig. 

nutri* 

enta 

Nutri- 

tive 

ratio 

Average total composition 

Protein 

Fat 

Fiber 

N-free 

extract 

Mineral 

matter 

No. of 
anal 

Per ct. 

Per ct. 

Per ct. 

1: 

Per ct. 

Per ct. 

Per ct. 

Per ct. 

Per ct. 


90.0 

2.4 

40.1 

15.7 

6.4 

1.3 

34.1 

41.0 

7.2 

6 

92.6 

2.4 

61.2 

20.3 

6.6 

2.2 

38.6 

38.3 

6.9 

4 

26.4 

3.4 

14.7 

3.3 

4.6 

1.0 

7.0 

10.4 

2.4 

146 

20.0 

4.0 

11.7 

1.9 

5.4 

0.9 

3.8 

7.4 

2.5 

4 

19.9 

3.2 

11.6 

2.6 

4.3 

0.7 

4.4 

8.2 

2.3 

7 

26.9 

3.3 

14.7 

3.5 

4.4 

0.8 

7.8 

10.4 

2.5 

27 

29.8 

1.9 

14.4 

6.6 

2.9 

0.6 

12.8 

11.3 

2.2 

6 

16.3 

2.4 

8.8 

2.7 

3.2 

0.4 

2.9 

6.8 

3.0 

2 

17.9 

0.2 

14.4 

71.0 

0.5 

0.4 

1.3 

16.3 

0.4 

10 

20.6 

1.0 

16.1 

15.1 

2.0 

0.1 

0.8 

16.9 

1.7 

22 

27.2 

0.6 

16.1 

29.2 

1.4 

0.3 

4.9 

18.5 

2.1 

1 

22.6 

2.3 

14.4 

5.3 

3.3 

0.8 

5.6 

10.8 

2.1 

17 

11.6 

1.4 

7.7 

4.5 

1.9 

0.3 

1.1 

6.5 

1.8 

5 

11.4 

1.9 

7.4 

2.9 

2.6 

0.3 

1.2 

5.3 

2.0 

4 

13.0 

1.2 

10.2 

7.5 

1.6 

0.1 

0.9 

8.9 

1.5 

23 

16.4 

1.2 

13.8 

10.5 

1.6 

0.1 

1.0 

12.6 

1.1 

86 

27.1 

3.2 

14.3 

3.5 

4.2 

0.5 

7.5 

11.7 

3.2 

3 

34.2 

2.8 

26.0 

7.9 

3.5 

1.0 

8.7 

18.3 

2.7 

4 

18.4 

1.8 

11.1 

5.2 

2.5 

0.6 

3.8 

8.6 

2.9 

2 

33.2 

1.3 

19.6 

14.0 

3.0 

1.2 

10.3 

16.1 

2.6 

9 

31.8 

2.4 

18.6 

6.8 

4.2 

1.2 

8.7 

14.9 

2.8 

34 

24.8 

4.4 

17.7 

3.0 

5.6 

1.3 

5.3 

9.8 

2.8 

8 

36.4 

2.8 

21.0 

6.5 

4.9 

1.3 

10.9 

15.6 

3.7 

4 

43.6 

1.4 

20.3 

13.5 

3.4 

1.3 

13.2 

21.6 

4.1 

2 

32.0 

1.7 

17.2 

9.1 

2.6 

1.0 

10.2 

16.3 

1.9 

6 

44.6 

1.6 

20.7 

11.9 

4.1 

1.2 

15.2 

20.0 

4.1 

3 

33.8 

2.9 

19.7 

5.8 

4.2 

1.4 

9.7 

15.6 

2.9 

39 

36.3 

3.0 

20.8 

5.9 

4.5 

1.0 

11.9 

15.7 

3.2 

17 

22.9 

0.7 

13.1 

17.7 

2.0 

0.5 

8.6 

10.1 

1.7 

1 

36.6 

2.9 

21.7 

6.5 

4.6 

0.9 

8.0 

19.5 

3.6 

1 

49.4 

2.6 

28.2 

9.8 

4.3 

1.2 

15.8 

23.9 

4.2 

1 

9.4 

1.9 

8.1 

3.3 

2.2 

‘ 0.3 

1.0 

5.0 

0.9 

6 

9.7 

1.4 

9.4 

5.7 

1.8 

0.1 

0.9 

6.1 

0.8 

1 

16.8 

1.7 

10.1 

4.9 

2.6 

0.4 

2.7 

7.1 

3.0 

3 

10.4 

0.6 

6.6 

12.0 

0.9 

0.2 

1.1 

6.5 

1.7 

6 

18.6 

0.8 

11.9 

13.9 

1.5 

0.8 

3.2 

10.4 

2.7 

35 

21.7 

0.8 

13.2 

15.5 

1.5 

0.4 

3.4 

12.6 

3.8 

42 

16.6 

0.4 

9.9 

23.8 

0.8 

0.3 

2.3 

9.8 

3.4 

98 

16.4 

0.3 

9.9 

32.0 

0.6 

0.3 

2.5 

9.8 

3.2 

4 

12.9 

0.6 

7.9 

14.8 

0.9 

0.4 

1.2 

7.8 

2.6 

5 

11.9 

0.8 

9.6 

11.0 

1.2 

0.2 

1.1 

8.2 

1.2 

22 

32.6 

0.3 

17.9 

58.7 

1.1 

0.3 

1.4 

28.8 

1.0 

3 

29.7 

4.8 

14.1 

1.9 

6.4 

1.0 

3.8 

11.0 

7.5 

30 

20.6 

0.3 

17.4 

57.0 

0.7 

6.6 

2.2 

10.5 

0.4 


22.2 

2.4 

13.2 

4.5 

3.8 

0.6 

5.8 

9.7 

2.3 

16 

20.8 

3.7 

12.8 

2.5 

5.1 

1.7 

3.9 

7.8 

2.3 

3 

17.4 

2.3 

11.3 

3.9 

3.0 

0.6 

4.7 

7.4 

1.7 

22 

26.7 

2.9 

18.6 

6.4 

4.6 

1.1 

5,0 

13.3 

1.7 

10 
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FEEDS AND FEEDING 

Table I. Average composition and digestible nutvitnis^c ontinued. 


Feeding stuff 

Total 

dry 

matter 

Dig. 

protein 

Total 

dig. 

nutri- 

ents 

Nutri- 

tive 

ratio 


Average total composition 


Protein 

Fat 

Fiber 

N-free 

extract 

Mineral 

matter 

No. of 
anal. 

Qreen Roughages ; Roots , Etc . 
— Cont . 

Per ct. 

Per ct. 

Per ct. 

1: 

Per ct. 

Per ct. 

Per ct. 

Per ct. 

Per ct. 


Clover, mammoth red* 

26.1 

2.6 

14.9 

4.7 

4.0 

0.5 

7.3 

11.0 

2.3 

7 

Clover, red, all analyses 

26.0 

2.6 

16.4 

4.9 

4.0 

0.9 

6.8 

11.2 

2.1 

124 

Clover, red, before bloom 

18.7 

3.2 

13.3 

3.2 

4.3 

0.6 

2.6 

9.2 

2.0 

1 

Clover, red, in bloom 

27.6 

2.6 

17.1 

6.6 

4.1 

1.1 

8.2 

12.1 

2.0 

36 

Clover, red, second crop* 

34.4 

3.4 

21.6 

6.4 

5.3 

1.3 

9.1 

16.2 

2.5 

7 

Clover, sweet 

22.0 

3.0 

14.0 

3.7 

3.9 

0.7 

6.4 

9.2 

1.8 

20 

Clover, sweet, before bloom* 

24.3 

3.4 

16.6 

3.6 

4.4 

0.9 

6.3 

10.6 

2.1 

6 

Clover, white* 

16.2 

2.6 

9.8 

2.9 

3.9 

0.6 

3.0 

6.9 

1.8 

27 

Clover and mixed grasses* 

27.3 

1.9 

17.1 

8.0 

3.0 

0.9 

8.5 

13.3 

1.6 

19 

Corn ears, sweet, including husk* 

37.8 

2.4 

29.6 

11.3 

3.8 

2.6 

4.3 

26.2 

0.9 

3 

Corn fodder, dent, all anal 

24.0 

1.2 

16.3 

12.6 

2.0 

0.6 

5.6 

14.5 

1.3 

331 

Corn fodder, dent, in tassel 

16.0 

1.0 

9.7 

8.7 

1.6 

0.3 

4.2 

7.8 

1.1 

19 

Corn fodder, d^t, iamilk 

Corn fodder, dent, dough to glaz- 

19.9 

0.9 

13.7 

14.2 

1.6 

0.5 

5.1 

11.6 

1.1 

29 

ing 

26.9 

1.2 

19.1 

14.9 

2.1 

0.7 

6.2 

16.6 

1.3 

62 

Corn fodder, dent, kernels ripe . . 

37.7 

1.7 

26.0 

14.3 

3.0 

1.0 

7.8 

24.2 

1.7 

20 

Corn fodder, flint, all anal* 

22.3 

1.2 

16.2 

11.7 

2.0 

0.6 

4.9 

13.6 

1.2 

139 

Corn fodder, flint, in tassel* 

11.6 

0.9 

7.4 

7.2 

1.5 

0.3 

3.3 

5.5 

1.0 

13 

Corn fodder, flint, in milk* 

Corn fodder, flint, dough to glaz- 

17.0 

0.9 

11.6 

11.8 

1.6 

0.3 

4.2 

9.8 

1.1 

12 

ing* 

24.7 

1.3 

17.7 

12.6 

2.2 

0.8 

6.1 

15.3 

1.3 

33 

Corn fodder, flint, kernels ripe*. . 

41.2 

2.0 

28.6 

13.3 

3.5 

1.3 

8.1 

26.2 

2.1 

10 

Corn fodder, pop* 

16.9 

0.8 

11.1 

12.9 

1.3 

0.4 

6.0 

8.2 

1.0 

2 

Corn fodder, sweet, before milk*. 
Corn fodder, sweet, roasting ears 

10.0 

0.6 

6.4 

0.7 

1.0 

0.3 

2.5 

5.2 

1.0 

6 

or later 

20.3 

1.2 

14.2 

10.8 

1.9 

0.6 

4.4 

12.2 

1.2 

55 

Corn leaves and tops* 

Corn stover, green, field corn 

16.9 

1.2 

10.4 

7.7 

1.9 

0.6 

4.4 

7.8 

1.2 

2 

(ears removed)* 

Corn stover, sweet, (ears re- 

22.7 

0.6 

13.0 

25.0 

1.3 

0.4 

6.0 

13.6 

1.4 

18 

moved)* 

21.6 

0.6 

12.3 

19.6 

1.6 

0.4 

5.6 

12.6 

1.3 

3 

Cowpeas 

16.3 

2.3 

10.9 

3.7 

3.0 

0.5 

3.8 

7.0 

2.0 

147 

Cowpeas and corn* 

20.0 

1.4 

13.3 

8.6 

2.1 

0.4 

5.3 

10.4 

1.8 

1 

Cowpeas and oats* 

21.8 

3.4 

14.1 

3.1 

4.5 

0.9 

5.7 

8.5 

2.2 

3 

Crab grass* 

30.9 

1.6 

16.6 

10.1 

2.7 

1.0 

9.1 

13.8 

4.3 

6 

Darso fodder, green* 

29.0 

0.7 

19.6 

26.9 

1.3 

0.6 

7.3 

17.7 

2.1 


Durra fodder, green* 

22.4 

1.1 

14.8 

12.5 

2.0 

0.6 

6.2 

11.8 

1.8 

3 

Fescue, meadow* 

30.6 

1.8 

17.8 

8.9 

3.0 

1.0 

10.1 

14.0 

2.4 

33 

Fescues, native {Festuca^ spp.)*.. 

36.0 

2.1 

21.0 

9.0 

3.5 

0.8 

12.5 

16.7 

2.5 

10 

Flat pea (LathyrussUvestris^vdiX.)*^ 

22.6 

4.4 

14.2 

2.2 

6.7 

0.8 

6.4 

8.0 

1.6 

8 

Foxtail, meadow* 

29.6 

2.2 

17.2 

6.8 

3.6 

1.2 

8.0 

14.1 

2.7 

4 

Grama gra^ {Boutelomy spp.)*. . 

36.7 

2.0 

20.6 

9.3 

3.2 

0.8 

12.9 

16.0 

2.8 

5 

Grasses, mixed, immature 

29.7 

3.6 

20.2 

4.6 

5.1 

1.5 

6.3 

13.8 

3.0 

6 

Grasses, mixed, at haying stage.. 

30.8 

1.7 

18.2 

9.7 

3.0 

1.3 

10.6 

14.1 

1.8 

7 

Grasses, mixed, second crop* — 

28.2 

3.7 

20.7 

4.6 

4.7 

1.5 

7.3 

12.3 

2.4 

6 

Guinea grass* 

28.6 

1.1 

16.0 

13.5 

2.2 

0.7 

10.9 

12.1 

2.6 

1 

Horse bean* 

17.4 

2.7 

10.8 

3.0 

3.5 

0.5 

4.1 

7.6 

1.7 

8 

jack bean* 

23.2 

4.0 

13.8 

2.5 

5.2 

0.5 

6.4 

8.4^ 

2.7 

1 

Johnson grass* 

29.1 

1.1 

16.6 

14.0 

2.5 

0.9 

9.3 

14.4 

2.0 

14 

l^flr fodder, all anal.* 

23.6 

1.3 

16.6 

10.9 

2.4 

0.7 

6.6 

12.0 

1.9 

56 

Kaflr fodder, heads just showing* 

19.9 

0.9 

13.1 

13.6 

1.6 

0.4 

6.5 

10.1 

1.3 

5 

Kale 

11.8 

1.9 

7.8 

3.1 

2.4 

0.5 

1.6 

5.5 

1.8 

16 

Kohlrabi*, i 

9.0 

1.6 

8.3 

4.2 

2.0 

0.1 

1.3 

4.3 

1.3 

2 

Kudzu vine* 

30.6 

4.2 

19.4 

3.6 

5.5 

1.0 

8.3 

13.6 

2.2 

1 
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Feeding stuff 

Mineral and fertilizing constituents 


Digestion coefficients 


Calcium 

Phos- 

phorus 

Nitro- 

gen 

Potas- 

sium 

Protein 

Fat 

Fiber 

N-free 

extract 

No. of 
trials 

Green Roughages, Roots, Etc. 

Per ct. 

Per ct. 

Per ct. 

Per ct. 

Per ct. 

Per ct. 

Per ct. 

Per ct. 


— Cont. 

Clover, mammoth red 

. P 

0.05 

0.64 

0.33 






Clover, red, all analyses 

0.43 

0.07 

0.64 

0.54 

64 

63 

53 

71 

4 

Clover, red, before bloom 

0.43 

0.09 

0.69 

0.61 

74 

. 65 

60 

83 

2 

Clover, red, in bloom 

0.50 

0.08 

0.66 

0.54 





Clover, red, second crop 


0.09 

0.85 

0.79 






Clover, sweet 

0.32 

0.10 

0.62 

0.65 

78 

51 

60 

69 

4 

Clover, sweet, before bloom 



0.70 







Clover, white 

0.23 

0.05 

0.62 

0.40 






Clover and mixed grasses 

0.22 

0.06 

0.48 

0.55 






Corn ears, sweet, including husk. 



0.61 







Corn fodder, dent, all anal 

0.06 

0.05 

0.32 

0.37 

59 

74 

63 

73 

48 

Corn fodder, dent, in tassel 



0.26 


61 

69 

64 

71 

15 

Corn fodder, dent, in milk 



0.26 


59 

73 

62 

76 

10 

Corn fodder, dent, dough to glaz- 
ing 

0.07 

0.06 

0.34 

0.35 

59 

79 

62 

77 

5 

Corn fodder, dent, kernels ripe. . 



0.48 


58 

78 

62 

73 

18 

Corn fodder, flint, all anal 


0.04 

0.32 

0.33 






Corn fodder, flint, in tassel 



0.24 







Corn fodder, flint, in milk 



0.26 







Corn, fodder, flint, dough to glaz- 
ing 



0.35 







Corn fodder, flint, kernels, ripe . . 



0.56 







Corn fodder, pop 

Corn fodder, sweet, before milk . 


o !62 

0.21 

0.16 

o!i6 






Corn fodder, sweet, roasting ears 
or later 


0.04 

0.30 

0.32 

62 

75 

60 

77 

12 

Corn leaves and tops 



0.30 







Corn stover, green, field corn 
(ears removed) 


0.05 

0.21 

0.28 






Corn stover, sweet (ears re- 
moved) 



0.26 







Cowpeas 

0.20 

0.06 

0.48 

0.26 

76 

59 

60 

81 

4 

Cowpeas and corn 



0.34 







Cowpeas and oats 



0.72 







Crab grass 


o’.os 

0.43 

0’.59 






.Darso fodder, green 



0.21 







Durra fodder, green 


0.08 

0.32 

0.47 






Fescue, meadow 

o'.ifi 

0.07 

0.48 

0.69 






Fescues, native (Festucaf spp.) . . 



0.56 







Flat pea (Lathyrus silvestris, var.) 



0.91 







Foxtail, meadow 



0.58 






. . 

Grama grass {Bouteloua^ spp.) . . . 



0.51 

o !66 

70 

62 

66 

75 


Grasses, mixed, immature 


o !69 

0.82 

’2 

Grasses, mixed, at haying stage. . 


0.11 

0.48 

0.53 

56 

46 

62 

61 

4 

Grasses, mixed, second crop 


0.09 

0.75 

0.62 






Guinea grass 



0.35 







Horse bean 

0.16 

0.05 

0.56 

0.36 






Jack bean 



0.83 






, . 

Johnson grass 



0.40 

0’.40 






Kafir fodder, all anal 

om 

OM 

0.38 






Kafir fodder, heads just showing. 



0.26 







Kale 

0.19 

0.06 

0.38 


81 

66 

59 

76 

4 

Kohlrabi 

0.08 

0.07 

1 0.32 

0’.37 






Kudzu vine 



i 0.88 
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Table I. Average composition and digestible nutrients — continued. 


Feeding stuff 

Total 

Dig. 

protein 

Total 

dig. 

nutri- 1 
ente 

Nutri- 


Average total composition 


dry 

matter 

tive 

ratio 

Protein 

Fat 

Fiber 

N-free 

extract 

Mineral 

matter 

No. of 
anal. 

Greon Boughages , Roots , Etc . 
— Cont . 

Per ct. 

Per ct. 

Per ct. 

1: 

Per ct. 

Per ct. 

Per ct. 

Per ct. 

Per ct. 


Lespedeza, annual* 

36.6 

6.0 

20.9 

3.2 

6.7 

1.0 

10.7 

14.7 

3.5 

1 

Lupines 

17 . 4 . 

2.6 

11.4 

3.4 

3.4 

0.6 

4.6 

7.2 

1.6 

9 

Mangels, roots ; 

9.4 

1.0 

7.3 

6.3 

1.4 

0.1 

0.8 

6.1 

1.0 

38 

Melons, pie, or stock* 

6.1 

0.6 

4.8 

8.6 

0.7 

0.2 

1.4 

3.4 

0.4 

3 

Millet, foxtail varieties 

29.9 

1.9 

19.1 

9.1 

2.9 

0.8 

9.4 

14.3 

2.5 

34 

Millet, Japanese 

21.7 

1.0 

14.2 

13.2 

1.7 

0.6 

6.8 

11.0 

1.6 

46 

Millet, hog, or broom-corn* 

24.7 

1.2 

16.2 

12.5 

2.0 

0.6 i 

7.4 

12.9 

1.8 

11 

Millet, pearl, or cat-tail* 

18.7 

1.1 

11.9 

9.8 

1.8 

0.3 

6.2 

8.8 

1.6 

5 

Milo fodder* 

22.7 

1.0 

16.1 

14.1 

1.8 

0.4 

7.0 

12.1 

1.4 

9 

Mustard, white (Brassica alha ) . . 

14.0 

3.3 

9.4 

1.8 

4.1 

0.6 

1.7 

5.5 

2.1 

2 

Napier grass* 

Oat fodder. 

24.1 

1.4 

16.0 

9.7 

2.5 

0.3 1 

9.1 

10.0 

2.2 

4 

26.4 

2.3 

16.4 

6.7 

3.2 

1.1 

7.5 

11.5 

2.1 

23 

Oat fodder, 8 in. high** 

13.0 

3.9 

9.2 

1.4 

4.9 

0.8 

1.7 

4.0 

1.6 

1 

Oat grass, tall, or meadow oat 











grass* 

30.3 

1.6 

17.9 

10.2 

2.6 

0.9 

10.5 

14.3 

2.0 

31 

Oats, wild (Avena fatua)* 

36.6 

1.9 

22.3 

10.7 

2.6 

1.4 

8.6 

21.3 

2.7 

5 

Orchard grass, all anal 

29.1 

1.7 

16.0 

8.4 

2.9 

1.1 

9.8 

12.8 

2.5 

58 

Orchard grass, before heading* . . 

22.8 

3.6 

16.1 

3.6 

4.4 

1.2 

5.3 

9.1 

2.8 

5 

Para ^rass* 

27.2 

1.0 

16.6 

14.5 

1.7 

0.5 

9.2 

13.4 

2.4 

2 

Parsnips, roots* 

16.6 

1.3 

14.3 

10.0 

1.7 

0.4 

1.3 

11.9 

1.3 

2 

Pasture grasses and clovers, 
mixed, from closely-grazed, fer- 









2.7 

262 

tile pasture 

28.7 

4.4 

20.6 

3.7 

5.7 

1.1 

6.4 

12.8 

Pasture grasses and clovers, 
mixed, from fertile pasture. 











southern states* 

24.4 

2.6 

16.1 

5.2 

3.7 

0.8 

6.5 

10.8 

2.6 

179 

Pasture grasses, mixed, from poor 
to fair pasture, before heading 









3.7 

40 

out* 

30.2 

3.3 

19.6 

4.9 

4.7 

0.8 

6.5 

14.5 

Peas, field, Canada 

16.6 

2.9 

10.6 

2.7 

3.6 

0.5 

4.0 

6.9 

1.6 

33 

Peas, field, miscellaneous* 

18.8 

2.6 

11.9 

3.6 

3.2 

0.6 

5.3 

8.1 

1.6 

16 

Peas and barley 

20.2 

2.7 

12.5 

3.6 

3.6 

0.8 

5.2 

8.9 

1.7 

11 

Peas and oats 

22.1 

2.4 

14.1 

4.9 

3.2 

0.9 

6.2 

9.9 

1.9 

49 

Peas, oats, and rape* 

17.9 

2.3 

10.7 

3.7 

3.1 

0.8 

4.3 

7.0 

2,7 

3 

Potatoes, tubers* 

21.2 

1.1 

17.3 

14.7 

2.2 

0.1 

0.4 

17.4 

1.1 

471 

Potato pomace, wet* 

8.3 

0.4 

6.9 

16.3 

0.7 

0.1 

0.9 

6.3 

0.3 

2 

Prickly comfrey* 

Pumpkins, field 

12.8 

2.0 

8.0 

3.0 

2.5 

0.3 

1.8 

5.9 

2.3 

20 

10.4 

1.3 

9.0 

5.9 

1.7 

1.0 

1.6 

5.2 

0.9 

8 

Pumpkins, with seeds and inside 











tissue removed 

7.3 

1.1 

6.9 

5.3 

1.2 

0.2 

1.1 

4.3 

0.5 

3 

Purslane* 

10.3 

1.8 

6.6 

2.6 

2.2 

0.3 

1.5 

4.4 

1.9 

3 

Quack grass* 

Rape. 

26.0 

1.8 

14.1 

6.8 

3.8 

1.2 

7,0 

10.5 

2.5 

6 

16.4 

2.6 

13.0 

4.0 

2.9 

0.6 

2.6 

8.1 

2.2 

39 

Rape, leaves and leaf stalks* 

16.4 

3.8 

12.6 

2.3 

4.3 

0.6 

1.0 

7.9 

1.6 

3 

Rescue grass* 

30.6 

1.8 

17.6 

8.8 

3.8 

1.0 

8.6 

14.8 

2.4 

8 

Red top 

39.3 

1.9 

23.1 

11.2 

3.1 

1.1 

12.2 

20.2 

2.7 

16 

Reed canary grass* 

37.0 

1.7 

21.4 

11.6 

3.6 

1.1 

10.9 

18.5 

2.9 

5 

Rhode Island bent grass* 

32.7 

1.4 

18.7 

12.4 

2.9 

0.7 

10.6 

15.9 

2.6 

3 

Rushes, western {J uncus ^ spp.)’*. 

31.1 

1.3 

14.0 

9.8 

3.4 

0.6 

9.8 

15.1 

2.2 

11 

Rutabagas, roots 

Rye fodder, all analyses 

11.1 

1.0 

9.3 

8.3 

1.3 

0.2 

1.4 

7.2 

1.0 

11 

22.3 

2.3 

16.2 

6.0 

2.9 

0.8 

7.3 

9.5 

1.8 

45 

Rye fodder, 5 in. high* 

18.1 

6.1 

12.8 

1.5 

6.5 

0.9 

2.0 

6.5 

2.2 

1 

Rye fodder, n6t over 10 in. high* . 

17.4 

4.4 

12.3 

1.8 

5.6 

0.8 

2.1 

6.8 

2.1 

2 

Rye grass. Italian* 

27.1 

1.6 

16.7 

9.5 

3.1 

1.3 

6.8 

13.4 

2.5 

25 
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Table I. Average composition and digestible nutrients — continued. 


Mineral and fertiliting comtltuents Digestion coelScienta 


P'ceding stuff 

Calcium 

Phos- 

phorus 

Nitro- 

gen 

Potas- 

sium 

Protein 

Fat 

Fiber 

N-free 

extract 

No. of 
trials 

Qreen Roughages, Roots, Etc. 

Per ct. 

Per ct. 

Per ct. 

Per ct. 

Per ct. 

Per ct. 

Per ct. 

Per ct. 


— Cont. 










Lespedeza, annual 

0.41 

0.08 

1.07 

0.35 






Lupines 

. . 

0.04 

0.54 

0.42 

75 

57 

56 

76 

2 

Mangels, roots 

0.01 

0.03 

0.22 

0.36 

70 


78 

94 

6 

Melons, pie, or stock 



0.11 







Millet, foxtail varieties 

0.30 

0.i2 

0.46 

0.^ 

64 

62 

70 

67 

8 

Millet, Japanese 

0.11 

0.07 

0.27 

0.52 

60 

62 

69 

70 

9 

Millet, hog, or broom-corn 


0.05 

0.32 

0.47 






Millet, pearl, or cat-tail 


0.07 

0.29 

0.37 






Milo fodder 


0.07 

0.29 

0.62 






Mustard, white (Brassica alba) . . 



0.66 







Napier grass 

, , 


0.40 







Oat fodder 

0.12 

o.io 

0.51 

0.71 

73 

70 

55 

63 

5 

Oat fodder, 8 in. high 



0.78 







Oat grass, tall, or meadow oat 










grass 

0.16 

0.08 

0.42 

0.68 






Oats, wild {Avena faiua) 

0.09 

0.10 

0.42 







Orchard grass, all anal 

0.12 

0.09 

0.46 

0.77 

60 

54 

60 

55 

3 

Orchard grass, before heading. . . 

0.13 

0.16 

0.70 

0.80 






Para grass 

0.13 

0.05 

0.27 

0.19 





. . 

Parsnips, roots 

0.06 

0.08 

0.27 

0.52 






Pasture grasses and clovers, 
mixed, from closely-grazed, fer- 










tile pasture 

0.21 

0.09 

0.91 

0.62 

77 

56 

76 

78 

51 

Pasture grasses and clovers, 
mixed, from fertile pasture, 










southern states 

0.24 

0.19 

0.59 







Pasture grasses, mixed, from poor 
to fair pasture, before heading 










out 

0.15 

0.04 

0.75 







Peas, field, Canada 

0.28 

0.06 

0.58 

o!28 

si 

54 

49 

74 

*8 

Peas, field, miscellaneous 


0.05 

0.51 

0.27 






Peas and barley 


0.06 

0.58 

0.49 

75 

59 

52 

68 

4 

Peas and oats 

0.07 

0.07 

0.51 

0.42 

74 

64 

59 

68 

10 

Peas, oats, and rape 


0.07 

0.50 

0.37 






Potatoes, tubers 

o‘.6i 

0.05 

0.35 

0.45 

51 



90 

30 

Potato pomace, wet 

0.01 

0.03 

0.11 

0.11 






Prickly comfrey 

Pumpkins, field 


0.07 

0.40 

0.58 







0.04 

0.27 

0.27 

77 

92 

6i 

89 

*7 

Pumpkins, with seeds and inside 










tissue removed 

0.02 

0.03 

0.19 

0.26 

93 

93 

100 

100 

2 

Purslane 


0.04 

0.35 

0.94 






Quack grass 


0.07 

0.61 







Rape 

o!34 

0.46 

o!37 

89 

49 

87 

92 

4 

Rape, leaves and leaf Stalks 



0.69 







Rescue grass 


o’.os 

0.61 

0.44 






Red top 


0.10 

0.50 

0.70 

61 

50 

61 

62 

*3 

Reed canary grass 

0.16 

0.09 

0.58 

0.67 





. . 

Rhode Island bent grass 


0.10 

0.46 

0.71 





. . 

Rushes, western (JuncuSf spp.). . 


. , 

0.54 

, . 


, , 



. . 

Rutabagas, roots 

0.07 

0.05 

0.21 

0.41 

78 

75 

78 

95 

4 

Rye fodder, all analyses 


0.07 

0.46 

0.41 

79 

74 

80 

71 

. 2 

Rye fodder, 6 in. high 



1.04 







Rye fodder, not over 10 in. high 

, . 


0.90 






, . 

Rye grass, Italian 


o!69 

0.50 

i 0’.62 


i 
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FEEDS AND FEEDING 

Table I. Average composition and digestible nutrients— confin«ed. 


Feeding stuff 

Total 

dry 

matter 

. 

Dig. 

protein 

Total 

dig. 

nutri- 

ents 

Nutri- 

tive 

ratio 

Average total composition 

Protein 

Fat 

Fiber 

N-free 

extract 

Mineral 

matter 

No. of 
anal. 

Oreea Roughages , Roots , Etc . 

Per ct. 

Per ct. 

Per ct. 

1: 

Per ct. 

Per ct. 

Per ct. 

Per ct. 

Per ct. 


Rye grass, perennial* 

26.6 

1.4 

16.6 

10.1 

3.0 

1.3 

6.7 

13.2 

2.4 

25 

Saltbush, Australian* 

23.3 

2.7 

9.0 

2.3 

3.7 

0.4 

4.4 

9.4 

5.4 

7 

Saltbushes, miscellaneous* 

24.3 

2.9 

9.8 

2.4 

3.9 

0.3 

4.2 

10.8 

5.1 

3 

Sanfoin (Onobrychis viciaefolia ) . . 

26.6 

2.8 

16.3 

4.8 

3.8 

0.8 

6.2 

12.4 

2.4 

4 

Sedges, western {Carex^ spp.)*. . . 

37.9 

1.6 

17.1 

10.4 

3.9 

1.1 

11.3 

18.5 

3.1 

19 

Serradella* 

20.2 

2.2 

11.1 

4.0 

2.9 

0.7 

4.8 

8.8 

3.0 

8 

Sorghum fodder, sweet 

24.9 

0.8 

17.3 

20.6 

1.5 

1.0 1 

7.0 

14.0 

1.4 

94 

Sotol, heads, or bulbs 

39.7 

0.9 

24.8 

26.6 

2.2 

0.6 

10.4 

24.8 

1.7 

7 

Soybeans, all analyses 

24.4 

3.2 

16.1 

3.7 

4.2 

1.1 

6.7 

10.1 

2.3 

239 

^ Soybeans, before bloom* 

27.8 

3.6 

17.2 

3.9 

4.5 

1.4 

8.2 

11.2 

2.5 

23 

Soybeans, in bloom 

20.8 

3.0 

12.2 

3.1 

3.9 

0.6 

5.8 1 

8.2 

2.3 

8 

Soybeans, in seed 

24.2 

3.1 

16.0 

3.8 

4.0 

1.0 

6.4 

10.4 

2.4 

21 

Soybeans, seed well developed . . . 

29.0 

3.6 

18.2 

4.1 

4.7 

1.7 

8.3 

11.7 

2.6 

22 

Soybeans and corn, or more 











soybeans* . . . . • 

23.1 

1.8 

16.3 

7.5 

2.8 

0.8 

5.3 

12.5 

1.7 

7 

Soybeans and corn, small proper- 











tion of soybeans* 

26.7 

1.3 

18.3 

13.1 

2.2 

0.8 

6.3 

15.9 

1.5 

5 

Soybeans and kafir* 

17.1 

1.1 

10.6 

8.6 

2.0 

0.6 

6.2 

6.2 

2.1 

1 

Soybeans and millet* 

23.6 

1.6 

16.1 

9.1 

2.3 

0.5 

7.5 

11.4 

1.8 

7 

Soybeans and Sudan grass 

24.2 

2.0 

16.1 

7.1 

2.7 

0.5 

8.3 

11.1 

1.6 

7 

Sudan grass, all analyses 

26.7 

1.4 

17.7 

11.6 

2.0 

0.6 

8.5 

12.8 

1.8 

12 

Sudan grass, in bloorn or before. . 

23.2 

1.6 

16.0 

9.0 

2.2 

0.6 

7.5 

11.2 

1.7 

4 

Sudan grass, in seed 

28.6 

0.6 

16.1 

25.8 

1.7 

0.5 

9.6 

14.6 

2.1 

3 

Sugar cane* 

21.7 

0.6 

16.1 

29.2 

0.9 

1.0 

6.2 

12.2 

1.4 

8 

Sugar cane, Japanese* 

28.2 

0.4 

19.6 

48.0 

0.7 

0.5 

7.7 

18.2 

1.1 

3 

Sugar cane tops* 

28.6 

0.8 

18.7 

22.4 

1.5 

0.4 

8.9 

15.6 

2.1 

1 

Sunflowers, Russian, whole plant* 

16.4 

0.7 

9.3 

12.3 

1.4 

0.7 

5.0 

7.6 

1.7 

38 

Sunflowers and corn* 

18.2 

0.7 

10.3 

13.7 

1.4 

0.6 

6.1 

8.5 

1.6 

2 

Sweet potatoes, tubers* 

31.6 

0.8 

26.7 

33.4 

1.6 

0.4 

1.9 

26.4 

1.2 

29 

Sweet vernal grass (Anthoxan- 











thum Oder alum)* 

31.2 

1.2 

18.4 

14.3 

2.6 

1.0 

9.7 

15.9 

2.0 

6 

Teosinte* 

21.3 

1.0 

13.7 

12.7 

1.7 

0.5 

6.7 

10.4 

2.0 

19 

Thistle, Russian* 

20.4 

2.2 

8.0 

2.6 

3.0 

0.5 

4.8 

1 8.3 

3.8 

5 

Timothy, all analyses 

31.3 

1.8 

18.1 

9.1 

3.8 

1.0 

8.6 

15.5 

2.4 

160 

Timothy, pasture stage* 

Timothy, before bloom. . . 

22.8 

24.2 

3.7 

1.6 

16.0 

16.9 

3.3 
^ Q 

4.7 

0.8 

0 7 

4.2 

7 R 

10.4 
12 0 

2.7 

1 7 

68 

5 

Timothy, in bloom 

32.1 

1.3 

18.8 

0.1/ 

13.5 

2.7 

Ut 1 

0.9 

1 *0 

10.4 

16.1 

If I 

2.0 

15 

Timothy, in seed* 

46.4 

1.2 

22.7 

17.9 

3.1 

1.3 

.15.3 

24.4 

2.3 

13 

Tomatoes, whole fruit* 

6.7 

0.8 

6.4 

5.8 

0.9 

0.4 

0.6 

3.3 

0.5 

24 

Tomato waste (skin, seeds, etc.)* 

11.1 

1.1 

6.9 

5.3 

2.3 

1.2 

2.8 

4.3 

0.5 

1 

Trefoil, yellow, or black medic 











{Medkago lupulina)* 

22.7 

3.3 

13.2 

3.0 

4.5 

0.8 

5.6 

9.5 

2.3 

2 

Turnips 

9.6 

1.3 

8.6 

5.5 

1.4 

0.2 

1.1 

1 5.9 

0.9 

20 

Turnip tops 

16.0 

2.2 

10.9 

4.0 

2.8 

0.4 

1.5 

7.3 

3.0 

5 

Velvet bean 

17.9 

2.6 

12.3 

3.7 

3.5 

0.7 

5.1 

6.6 

2.0 

1 

Vetch, common 

20.4 

2.7 

12.2 

3.5 

3.8 

0.5 

5.5 

8.5 

2.1 

14 

Vetch, hairy 

18.2 

3.6 

12.3 

2.5 

4.2 

0.5 

5.0 

6.3 

2.2 

21 

Vetch, kidney {Anthyllis vulnera- 











^ ria)* 

27.7 

2.6 

16.1 

5.2 

3.7 

0.5 

8.3 

12.0 

3.2 

5 

Vetches, wild* 

24.6 

3.6 

13.9 

2.9 

5.1 

0.5 

6.9 

10.0 

2.1 

6 

Vetch and oats 

26.6 

2.9 

17.1 

4.9 

3.8 

0.9 

7.5 

12.0 

2.3 

15 

Vetch and wheat 

22.7 

2.4 

16.4 

5.4 

3.3 

0.6 

7.1 

10.1 

1.6 

5 

Wheat fodder, all analyses* 

26.0 

2.6 

16.2 

4.8 

3.6 

0.7 

7.0 

12.1 

2.6 


Wheat fodder, 5 in. hi^h* 

24.2 

6.1 

16.9 

2.3 

6.5 

0.7 

3.9 

10.1 

3.0 

Lj- 
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Table I. Average composition and digestible nutrients — continued. 


Feeding stuff 

Mineral and fertilizing constituents 


Digestion coefficients 


Calcium 

Phos- 

phorus 

Nitro- 

gen 

Potas- 

sium 

Protein 

Fat 

Fiber 

N-free 

extract 

No. of 
trUb 

Green Roughages, Roots, Etc. 

Per ct. 

Per ct. 

Per ct. 

Per ct. 

Per ct. 

Per ct. 

Per ct. 

Per ct. 


— Cont. 

Rye grass, perennial 

0.13 

0.07 

0.48 

0.51 






Saltbush, Australian 


0.15 

0.59 

1.20 






Saltbushes, miscellaneous 



0.62 







Sanfoin {Onobrychis viciaefolia) . . 



0.62 


73 

67 

42 

78 

2 

Sedges, western {CareXt spp.) — 



0.62 


. . 





Serradella 

0.28 

0.09 

0.46 

0.43 






Sorghum fodder, sweet 

0.12 

0.05 

0.24 

0.36 

56 

70 

62 

75 

6 

Sotol, heads, or bulbs 



0.35 


40 

3 

36 

81 


Soybeans, all analyses 

0.29 

0.09 

0.67 

0.29 

77 

53 

45 

75 

23 

Soybeans, before bloom 



0.72 







Soybeans, in bloom 



0.62 


77 

50 

47 

71 

2 

Soybeans, in seed 



0.64 







Soybeans, seed well developed. . . 



0.75 







Soybeans and corn, 3^ or more 
soybeans 

0.15 

0.07 

0.45 

0.34 






Soybeans and corn, small propor- 
tion of soybeans 

0.08 

0.05 

0.35 

0.36 






Soybeans and kafir 



0.32 







Soybeans and millet 



0.37 







Soybeans and Sudan grass 


. . 

0.43 







Sudan grass, all analyses 

0.14 

0.06 

0.32 

0.43 

72 

72 

76 

69 

4 

Sudan grass, in bloom or before.. 



0.35 







Sudan grass, in seed 


, , 

0.27 







Sugar cane 


0.04 

0.14 

0.37 






Sugar cane, Japanese 



0.11 







Sugar cane tops 



0.24 







Sunflowers, Russian, whole plant 



0.22 




* ’ 



Sunflowers and corn 



0.22 







Sweet potatoes, tubers 

0.03 

o’.oo 

0.26 

0.38 






Sweet vernal grass {Anthoxan- 
thum oderatum) 



0.42 







Teosinte 


0.04 

0.27 

0.21 






Thistle, Russian 



0.48 





66 


Timothy, all analyses 

Timothy, pasture stage 

o ’. 14 
0.11 

0.06 

0.08 

0.61 

0.75 

0’.56 

0.56 

48 

53 

56 

• • 

*3 

Timothy, before bloom 



0.40 







Timothy, in bloom 



0.43 







Timothy, in seed 



0.50 

o!30 






Tomatoes, whole fruit 


o!63 

0.14 i 






Tomato waste (skin, seeds, etc.) 



0.37 







Trefoil, yellow, or black medic 
(Medicago lupulina) 



0.72 




100 

97 


Turnips 

0.06 

0.04 

0.22 

0.37 

90 

88 

2 

Turnip tops 

0.39 

0.08 

0.45 

0.46 

79 

65 

86 

93 

2 

Velvet bean 


0.06 

0.56 

0.37 

73 

81 

60 

82 

2 

Vetch, common 

o!35 

0,09 

0.61 

0.44 

71 

59 

44 

76 

2 

Vetch, hairy 


0.06 

0.67 

0.42 

83 

72 

64 

77 

14 

Vetch, kidney (Anthyllis vulnera- 
ria) 


0.04 

0.59 

0.25 






Vetches, wild 



0.82 




68 

68 

. • 

Vetch and oats 


o’.67 

0.61 

o!52 

75 

47 

3 

Vetch and wheat 



0.53 


74 

57 

68 

73 

5 

Wheat fodder, all analyses 

0.07 

0.09 

0.58 

0.60 






Wheat fodder, 6 in. high 



1.04 





• • - 
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Table I. Average composition and digestible nutrients — continued. 


Feeding stuff 

Total 

dry 

matter 

Dig. 

protein 

Total 

dig. 

nutri- 

ents 

Nutri- 


Average total composition 


tive 

ratio 

Protein 

Fat 

Fiber 

N-free 

extract 

Mineral 

matter 

No. of 
anal. 

Green Roughages , Roots , Etc . 

Per ct. 

Per ct. 

Per ct. 

1: 

Per ct. 

Per ct. 

Per ct. 

Per ct. 

Per ct. 


— Cont . 

Wheat fodder, not over 10 in. 
high* 

20.8 

4.3 

13.6 

2.1 

5.7 

0.7 

3.1 

8.7 

2.6 

2 

Wheat grasses, misc. (Agropyron 
8pp-)* 

46.9 

2.0 

27.0 

12.5 

4.1 

1.3 

16.5 

21.6 

3.4 

21 

Wire grasses, western* 

38.9 

1.8 

22.6 

11.6 

3.8 

0.9 

13.3 

18.6 

2.3 

4 

Yucca (bear grass) 

49.4 

1.4 

27.6 

18.6 

3.8 

1.0 

21.1 

20.0 

3.5 

2 

Yucca (soap weed) 

44.6 

0.9 

23.4 

25.0 

2.4 

0.8 

14.1 

24.0 

3.3 

22 

Yucca (soapweed), leaves* 

66.2 

1.7 

28.4 

15.7 

4.4 

1.7 

18.7 

27.7 

3.7 

8 

Silages 

Alfalfa, wilted before being en- 
siled* 

64.0 

6.1 

29.0 

4.7 

10.0 

2.5 

14.2 

22.0 

5.3 

4 

Alfalfa, high in water* 

23.9 

1.9 

12.7 

5.7 

3.7 

1.4 

7.4 

8.6 

2.8 

5 

Apple pomace*. 

20.9 

0.6 

16.6 

24.8 

1.6 

1.3 

4.4 

12.6 

1.0 

15 

Artichoke, globe 

30.2 

0.3 

16.7 

51.3 

2.1 

0.5 

8.2 

13.8 

5.6 

1 

Barley* 

26.0 

1.7 

14.4 

7.5 

2.6 

1.0 

9.4 

9.4 

2.6 

2 

Bean, mung, nearly mature* 

23.3 

1.9 

13.6 

6.1 

3.1 

1.2 

9.8 

8.0 

1.2 

1 

Beet tops, sugar* 

27.0 

1.8 

11.8 

5.6 

3.5 

0.7 

3.0 

11.3 

8.5 

8 

Broom-corn* 

20.0 

0.7 

11.4 

15.3 

1.3 

0.2 

6.8 

9.8 

1.9 

1 

Clover, red 

24.4 

2.0 

13.4 

5.7 

3.9 

1.3 

6.7 

10.4 

2.1 

73 

Clover, sweet* 

28.0 

3.6 

16.1 

3.6 

4.5 

0.9 

9.6 

10.5 

2.5 

10 

Clover, sweet, wilted before being 
ensiled 

40.0 

4.9 

23.0 

3.7 

6.4 

1.3 

13.7 

15.0 

3.6 

10 

Corn, dent, well-matured, all an- 
alyses 

28.3 

1.3 

18.7 

13.4 

2.3 

0.9 

6.9 

16.5 

1.7 

248 

Corn, dent, well-matured, well- 
eared 

29.2 

1.6 

20.6 

12.7 

2.5 

0.9 

6.4 

17.8 

1.6 

135 

Corn, dent, well-matured, fair in 
ears 

26.7 

1.1 

17.4 

14.8 

2.1 

0.8 

7.1 

14.9 

1.8 

83 

Corn, dent, well-matured, few 
ears 

26.6 

1.1 

16.3 

13.8 

2.1 

0.9 

8.6 

12.9 

2.1 

22 

Corn, dent, immature, before 
dough sta^e 

20.4 

1.0 

13.3 

12.3 

1.8 

0.6 

5.8 

10.9 

1.3 

80 

Corn, dent, immature, southern- 
type corn 

19.4 

0.9 

12.1 

12.4 

1.6 

0.5 

6.0 

10.2 

1.1 

21 

Corn, dent, stover silage (ears re- 
moved) 

22.6 

0.8 

13.6 

16.0 

1.5 

0.6 

7.7 

11.3 

1.5 

8 

Corn, flint, well- matured, well- 
eared 

29.2 

1.4 1 

20.6 

13.7 

2.4 

0.9 

6.5 

17.3 1 

2.1 


Corn, sweet 

24.2 

1.6 

16.8 

9.5 

2.3 

0.8 

6.9 

12.2 

2.0 

14 

Corn, sweet, stover silage (ears re- 
moved)* 

24.0 

1.3 

13.9 

9.7 

2.3 

0.5 

5.6 

13.8 

1.8 

1 

Corn and clover* 

28.6 

1.7 

16.4 

8.6 

3.3 

0.9 

7.7 

14.5 

2.2 

1 

Corn and rye* 

19.4 

1.1 

13.1 

10.9 

2.1 

1.2 

7.2 

7.5 

1.4 

1 

Corn and soybeans, mostly corn* 

28.3 

1.6 

19.6 

12.2 

2.5 

0.7 

7.2 

16.2 

1.7 

9 

Corn and soybeans, well-matured, 
30 % or more soybeans 

28.1 

2.0 

19.6 

8.8 

3.1 

1.1 

7.2 

14.3 

2.4 

9 

Corn-canoine factory waste 
(husks, cobs, and waste ears)* 

22.4 

1.1 

11.6 

9.5 

2.0 

1.0 

5.6 

12.8 

2.0 

2 

Cowpea 

20.7 

1.8 

12.2 

5.8 

3.1 

0.8 

5.9 

8.6 

2.3 

13 

Crotdaria intermedia 

27.1 

2.1 

10.8 

4.1 

3.3 

0.8 

12.5 

8.3 

2.2 

1 

Darso 

26.9 

1.0 

16.6 

14.6 

1.9 

0.3 

6.5 

16.7 

1.5 

1 

Purra* 

Ear corn silage (corn ears and 
husks, without stalks)* 

20.3 

0.6 

11.3 

17.8 

1.2 

0.7 

7.0 

9.5 

1.6 

3 

46.7 

2.7 

36.3 

12.4 

4.1 

1.7 

6.1 

32.9 

0.9 

5 
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Table I. Average composition and digestible nutrients — continued. 


Feeding stuff 

Mineral and fertilizing constituents 


Digestion coefficients 


Calcium 

Phos- 

phorus 

Nitro- 

gen 

Potas- 

sium 

Protein 

Fat 

Fiber 

N-free 

extract 

No. of 
trials 

Green Roughages, Roots, Etc. 

Per ct. 

Per ct. 

Per ct. 

Per ct. 

Per ct. 

Per ct. 

Per ct. 

Per ct. 


— Cont. 

Wheat fodder, not over 10 in. 
high 



0.91 







Wheat grasses, misc. {Agropyron, 

spp-) 



0.66 







Wire grasses, western 



0.61 






. . 

Yucca (bear grass) 



0.61 


36 

0 

65 

62 

2 

Yucca (soapweed) 



0.38 


38 

0 

35 

73 

7 

Yucca (soapweed), leaves 



0.70 






. , 

Silages 

Alfalfa, wilted before being en- 
siled 

0.85 

0.13 

1.60 

1.21 






Alfalfa, high in water 

0.38 

0.06 

0.59 

0.53 






Apple pomace 

0.02 

0.02 

0.26 

0.10 






Artichoke, globe 



0.34 


16 

34 

65 

70 

6 

Barley 

0.08 

0.08 

0.42 

0.39 






Bean, mung, nearly mature 



0.50 







Beet tops, sugar 

0.31 

0.09 

0.56 

1.26 






Broom-corn 



0.21 







Clover, red 

0.42 

0.07 

0.62 

0.53 

51 

62 

49 

ei 

io 

Clover, sweet 

0.41 

0.13 

0.72 

0.83 






Clover, sweet, wilted before being 
ensiled 

0.58 

0.18 

1.02 

1.18 

77 

62 

44 

68 

11 

Corn, dent, well-matured, all an- 
alyses 

0.07 

0.06 

0.37 

0.30 

54 

74 

66 

69 

85 

Corn, dent, well-matured, well- 
eared 

0.08 

0.06 

0.40 

0.28 

58 

80 

65 

75 

18 

Corn, dent, well-matured, fair in 
ears 

0.09 

0.06 

0.34 

0.31 

53 

73 

6’6 

69 

45 

Corn, dent, well-matured, few 
ears 

0.10 

0.05 

0.34 

0.38 

50 

65 

71 

61 

7 

Corn, dent, immature, before 
dough stage 



0.29 


52 

73 

67 

66 

41 

Corn, dent, immature, southern- 
type corn 

0.05 

0.04 

0.26 

0.34 

53 

73 

66 

62 

15 

Corn, dent, stover silage (ears re- 
moved) 

0.11 

0.02 

0.24 

0.42 

56 

66 

67 

59 

8 

Corn, flint, well-matured, well- 
eared 



0.38 


61 

81 

65 

77 

5 

Corn, sweet 



0.37 


66 

78 

73 

64. 

4 

Corn, sweet, stover silage (ears re- 
moved) 



0.37 







Corn and clover 



0.53 







Corn and rye 



0.34 

o!30 






Corn and soybeans, mostly corn 

o'.ii 

QM 

0.35 






Corn and soybeans, well-matured, 
30% or more soybeans 

0.18 

0.08 

0.50 

0.31 

63 

83 

62 

77 

8 

Corn-canning factory waste 
(husks, cobs, and waste ears).. 



0.32 

0‘.31 

57 

63 

52 

73 


Cowpea 

0’.26 

om 

0.50 

4 

Crotalaria intermedia 



0.53 


63 

67 

33 

41 

4 

Darso 



0.30 



60 

39 

70 

3 

Durra 



0.19 







Ear corn silage (corn ears and 
husks, without stalks) 



0.66 
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Table I. Average composition and digestible nutrients — continued. 


Feeding stuff 


Silages— Cont. 

Feterita* 

Hegari* 

Hegari stover* 

Horse bean* 

Kafir 

Millet* 

Millet, barnyard, and soybeans. . 

Napier grass 

Oat* 

Pea, field* 

Pea and oat 

Pea- vine, from canneries* 

Reed canary grass* 

Rye* r 

Sagrain sorghum, well- matured*. 

Sorghum, grain varieties* 

Sorghum, sweet* 

Sorehum and cowpeas* 

Soybean 

Sudan grass* 

Sugar cane, Japanese* 

Sugar cane tops* 

Sunflower 

Sunflower and corn* 

Thistle, Russian* 

Velvet bean* 

Vetch 

Vetch and oats* 


Total 

Dig. 

Total 

dig. 

Nutri- 

Average total composition 

dry 

matter 

protein 

nutri- 

ents 

tive 

ratio 

Protein 

Fat 

Fiber 

N-free 

extract 

Mineral 

matter 

Per ct. 

Per ct. 

Per ct. 

1: 

Per ct. 

Per ct. 

Per ct. 

Per ct. 

Per ct. 

80.0 

1.4 

17.1 

11.2 

2.6 

0.7 

6.0 

18.6 

2.1 

34.7 

0.9 

19.6 

20.7 

1.8 

0.8 

6.9 

22.2 

3.0 

29.1 

0.6 

16.3 

31.6 

0.9 

0.6 

7.9 

16.3 

3.4 

21.2 

2.0 

12.2 

5.1 

3.3 

0.5 

5.7 

10.3 

1.4 

30.2 

1.0 

17.3 

16.3 

1.9 

1.1 

8.7 

16.3 

2.2 

31.1 

1.6 

17.6 

9.9 

2.7 

1.0, 

9.6 

14.9 

2.9 

21.0 

1.6 

12.4 

6.8 

2.8 

1.0 

7.2 

7.2 

2.8 

32.6 

0.3 

14.3 

46.7 

1.2 

0.7 

14.4 

14.4 

1.8 

28.3 

1.1 

16.4 

13.0 

2.0 

1.3 

9.8 

13.3 

1.9 

27.9 

2.9 

18.0 

5.2 

3.8 

1.2 

7.8 

12.5 

2.6 

30.0 

2.7 

19.2 

6.1 

3.6 

1.2 

9.4 

13.0 

2.8 

27.9 

2.6 

17.8 

5.8 

3.5 

1.0 

7.8 

13.1 

2.5 

80.6 

0.8 

17.9 

21.4 

1.5 

0.6 

11.1 

15.3 

2.0 

30.3 

1.4 

14.2 

9.1 

3.5 

1.0 

10.8 

12.5 

2.5 

38.1 

1.6 

23.1 

13.4 

2.8 

1.2 

9.1 

22.7 

2.3 

31.3 

1.1 

17.8 

15.2 

2.1 

0.9 

7.9 

18.1 

2.3 

26.1 

0.8 

16.1 

17.9 

1.5 

0.8 

7.0 

14.2 

1.6 

32.3 

1.3 

18.4 

13.2 

2.4 

1.0 

8.5 

18.2 

2.2 

27.2 

2.6 

16.0 

4.8 

4.2 

1.5 

7.9 

10.1 

3.5 

26.1 

1.2 

16.1 

11.6 

2.2 

0.9 

8.8 

11.8 

2.4 

26.2 

0.6 

14.6 

23.3 

1.1 

0.5 

9.3 

12.4 

1.9 

29.6 

0.8 

16.8 

20.0 

1.5 

0.6 

10.6 

14.1 

2.8 

22.2 

1.1 

12.6 

10.5 

2.1 

1.0 

6.8 

10.0 

2.3 

23.6 

1.6 

13.4 

7.9 

3.0 

0.7 

7.0 

11.1 

1.8 

84.4 

1.0 

17.3 

16.3 

2.0 

0.9 

10.4 

14.7 

6.4 

23.6 

2.7 

14.0 

4.2 

4.3 

1.2 

8.0 

9.0 

1.1 

30.1 

2.0 

18.8 

8.4 

3.5 

1.0 

9.8 

13.4 

2.4 

26.4 

1.7 

1 16.7 

8.8 

2.2 

0.6 

8.8 

12.9 

1.9 


Concentrates 

(Grains and other seeds and 
their by-products; miscella- 
neous concentrates.) 


Acorn, whole (red oak)* 

Acorn, whole, (white and post 

60.0 

0.6 

34.9 

57.2 

3.2 

10.7 

9.9 

25.0 

1.2 

1 

oaks) 

62.4 

0.7 

30.3 

42.3 

3.3 

3.4 

11.3 

43.0 

1.4 

3 

Alfalfa-molasses feed* 

86.0 

7.8 

66.3 

4.9 

11.4 

1.2 

18.5 

46.2 

8.7 

11 

Alfalfa seed screenings* 

90.3 

18.3 

69.7 

2.3 

31.1 

9.9 

11.1 

33.1 

5.1 

11 

Alcohol by-product feed* 

92.6 

20.1 

69.9 

2.0 

31.4 

9.2 

9.2 

30.9 

11.9 

1 

Apple-pectin pulp, dried* 

91.2 

2.6 

66.0 

20.2 

7.0 

7.3 

24.2 

49.4 

3.3 

6 

Apple pectin pulp, wet* 

16.7 

0.6 

9.7 

15.2 

1.5 

0.9 

5.8 

7.9 

0.6 

4 

Apple pomace, dried 

89.4 

1.7 

60.6 

34.6 

4.5 

5.0 

15.6 

62.1 

2.2 

7 

Apple pomace, wet 

21.1 

0.6 

16.0 

31.0 

1.3 

1.3 

3.7 

13.9 

0.9 

29 

Babassu oil meal* 

89.7 

18.6 

74.7 

3.0 

22.4 

6.4 

11.8 

44.2 

4.9 

4 

Bakery waste, dried (high in fat)* 
Barley, common, not including 
Pacific Coast states 

91.6 

10.0 

101.2 

9.1 

10.9 

13.7 

0.7 

64.7 

1.6 

3 

90.4 

9.3 

78.7 

7.5 

11.8 

2.0 

5.7 

68.0 

2.9 

98 

Barley, P^tcific Coast states 

89.9 

6.9 

78.8 

10.4 

8.7 

1.9. 

5.7 

71.0 

2.6 

78 

Barley, light weight* 

89.8 

9.7 

73.1 

6.5 

12.3 

2.3 

8.5 

63.7 

3.0 

18 

Barley, hull-less or bald* 

90.2 

9.2 

80.4 

7.7 

11.6 

2.0 

2.4 

72.1 

2.1 

6 

Barley bran, nearly all hulls* 

91.9 

4.3 

40.8 

8.5 

5.9 

1.3 

26.4 

51.8 

6.4 

2 

Barley feed, high grade* 

90.1 

10.2 

67.6 

5.6 

13.2 

3.5 

8.4 

61.0 

4.0 

33 

Barley feed, low grade 

92.0 

9.1 

60.2 

4.5 

12.3 

3.5 

14.7 

56.2 

5.3 

19 

Barley malt*. 

93.4 

10.0 

82.1 

7.2 

12.7 

2.1 

5.4 

70.9 

2.3 

6 

Barley screenings* 

88.6 

8.1 

60.8 

6.5 

1 11.5 

2.8 

9.5 

60.6 

4.2 

4 
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Table I. Average composition and digestible nutrients — continued. 


Feeding stuff 

Mineral and fertilising constituents 


Digestion coefficients 


Calcium 

Phoe- 

phorus 

Nitro- 

gen 

Potas- 

sium 

Protein 

Fat 

Fiber 

N-free 

extract 

No. of 
trials 

Silages— Cont. 

Per ct. 

Per ct. 

Perct. 

Per ct. 

Per ct. 

Per ct. 

Per ct. 

Per ct. 


Feterita 



0.42 







Hegari 



0.29 







Hegari stover 



0.14 







Horse bean 

o.ig 

0.06 

0.63 

0.44 






Kafir 

0.06 

0.05 

0.30 

0.51 


50 

57 

62 

3 

Millet 

0.31 

0.12 

0.43 

0.87 







Millet, Japanese, and soybeans. . 



0.45 


57 

72 

69 

59 

4 

Napier grass 



0.19 


29 

65 

50 

40 

3 

Oat 



0.32 







Pea, field 



0.61 







Pea and oat 

0.09 

0.07 

0.58 

0.58 

75 

75 

61 

67 

2 

Pea- vine, from canneries 



0.56 







Reed canary grass 



0.24 







Rye 


0.07 

0.56 

0.56 






Sagrain sorghum, well- matured.. 



0.45 







Sorghum, grain varieties 


0.04 

0.34 

0^37 






Sorghum, sweet 

0.07 

0.24 


58 

57 

65 

5 

Sorghum and cowpeas 

Soybean 

0.14 

0.04 

0.38 

0.30 


58 

49 

64 


0.31 

0.10 

0.45 

0.32 

62 

55 

51 

64 

9 

Sudan grass 



0.35 







Sugarcane, Japanese 



0.18 






. . 

Sugar cane tops 


o!64 

0.24 

. , 


, , 

, , 


26 

Sunflower 

0.39 

0.34 

0.65 

50 

74 

49 

66 

Sunflower and corn 



0.48 






. . 

Thistle, Russian 



0.32 






. . 

Velvet bean 



0.69 



• • 



. . 

Vetch 



0.56 


56 

77 

63 

67 

2 

Vetch and oats 

Concentrates 

(Grains and other seeds and 
their by-products; miscella- 
neous concentrates.) 

! ' ’ 


0.35 



i ' • 




Acorn, whole (red oak) 

Acorn, whole (white and post 



0.51 





50 


oaks) 



0.53 


20 

84 

15 

2 

Alfalfa- molasses feed 



1.82 







Alfalfa seed screenings 



4.98 1 







Alcohol by-product feed 



5.02 i 







Apple-pectin pulp, dried 



1.12 







Apple pectin pulp, wet 



0.24 

o!43 

37 

35 

64 

78 


Apple pomace, dried 

o!io 

o!69 

0.72 

7 

Apple pomace, wet 

0.02 

0.02 

0.21 

0.10 

37 

46 

65 

85 

6 

Babassu oil meal 



3.58 







Bakery waste, dried (high in fat) 
Barley, common, not including 



1.74 

0.52 

79 

80 

56 

92 

16 

Pacific Coast states, f 

0.05 

0.38 

1.89 

Barley, Pacific Coast states 



1.39 







Barley, light weight 



1.97 







Barley, hull-less or bald 



1.86 







Barley bran, nearly all hulls. . . . 


o!40 

0.94 

o!60 





• • 

Barley feed, high grade 

0.03 

2.11 

74 

9 

38 

62 

• • 

Barley feed, low grade 



1.97 

0.37 

2 

Barley malt 

0.06 

0.42 

2.03 





• . 

Barley screenings 



1.84 
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Table I. Average composition and digestible nutrients — continued. 


Feeding stuff 

Total 

dry 

matter 

Dig. 

protein 

Total 

dig. 

nutri- 

ents 

Nutri- 

tive 

ratio 

Average total composition 

Protein 

Fat 

Fiber 

N-free 

extract 

Mineral 

matter 

No. of 
anal . 


Per ct. 

Per ot. 

Per ct. 

1: 

Per ct. 

Per ct. 

Per ct. 

Per ct. 

Per ct. 


Concentrates— Cont. 











(Grains and other seeds and 











their by-products; miscella- 











neous concentrates.) 











Beans, Adzuki (Phaseolus angu- 











laris)* 

86.0 

12.4 

62.0 

4.0 

21.0 

0.7 

4.0 

56.7 

3.6 

2 

Beans, field 

88.2 

19.9 

76.6 

2.8 

22.9 

1.4 

3.5 

56.1 

4.3 

14 

Beans, mat* 

90.3 

13.6 

64.6 

3.7 

23.0 

0.7 

4.2 

58.1 

4.3 

6 

Beans, pinto 

90.9 

13.4 

64.8 

3.8 

22.7 

1.2 

4.5 

58.0 

4.5 

5 

Beans, tepary* 

90.6 

13.1 

66.2 

4.0 

22.2 

1.4 

3.4 

59.3 

4.2 

1 

Beechnuts* 

91.4 

12.2 

84.9 

6.0 

15.0 

30.6 

15.0 

27.5 

3.3 

1 

Beet pulp, dried 

92.0 

4.8 

71.8 

14.0 

9.0 

0.8 

18.8 

59.9 

3.5 

432 

Beet pulp, dried, nTolasses 

91.8 

6.1 

74.3 

11.2 

9.9 

0.7 

15.9 

60.1 

5.2 

57 

Beet pulp, wet* 

11.6 

0.8 

8.9 

10.1 

1.5 

0.3 

3.9 

5.4 

0.5 

28 

Beet pulp, wet, pressed* 

14.2 

0.7 

11.0 

14.7 

1.4 

0.4 

4.6 

7.1 

0.7 

10 

Blood meal, or dried blood 

91.2 

70.7 

76.9 

0.07 

82.2 

1.2 

1.3 

2.7 

3.8 

34 

Blood, dried, soluble 

94.0 

86.2 

87.6 

0.03 

88.7 

0.7 

0.6 

0.7 

3.3 

4 

Bone flour, or precipitated bone. , 

97.6 

, . , 



7.3 

2.6 

. . . 

4.6 

83.0 

1 

Bone meal, steamed 

96.4 

. . . 



7.1 

3.3 

0.8 

3.9 

81.3 

64 

Bone meal, 10 to 20% protein.. . 

96.6 




12.6 

6.5 

0.6 

3.1 

73.8 

19 

Bone meal, raw 

94.0 


. . . 


25.8 

2.9 

0.8 

2.9 

61.6 

125 

Bread, stale* 

66.2 

7.'3 

63.8 

7.7 

7.9 

0.7 

0.7 

65.4 

1.5 

2 

Bread, stale, dried* 

86.8 

10.6 

83.9 

7.0 

11.4 

1.0 

0.4 

72.0 

2.0 

1 

Brewers' grains, dried, all anal . . 

92.8 

20.7 

66.3 

2.2 

25.6 

6.7 

14.8 

42.0 

3.7 

623 

Brewers’ grains, dried, 25% pro- 











tein or over 

92.6 

21.6 

66.7 

2.1 

26.6 

6.8 

14.6 

41.0 

3.6 

479 

Brewers’ grains, dried, 23-25% 











protein 

93.9 

19.3 

66.2 

2.4 

23.8 

6.6 

14.9 

44.9 

3.8 

61 

Brewers’ grains, dried, below 23% 











protein* 

93.0 

17.6 

63.6 

2.6 

21.6 

6.2 

16.1 

45.2 

3.9 

83 

Brewers’ grains,' dried, from Cali- 











fornia barley* 

91.1 

16.2 

61.3 

2.8 

20.0 

5.7 

18.1 

43.6 

3.7 

4 

Brewers' grains, wet* 

23.9 

4.6 

16.6 

2.6 

5.7 

1.7 

3.6 

11.9 

1.0 

50 

Broom corn seed 

88.6 

4.6 

66.7 

11.0 

10.8 

3.5 

8.4 

62.7 

3.2 

5 

Buckwheat, common 

90.4 

8.9 

64.4 

6.2 

11.9 

2.4 

10.3 

63.8 

2.0 

31 

Buckw;heat, Tartary* 

88.9 

7.7 

61.0 

6.9 

10.2 

2.3 

15.2 

59.6 

1.6 

1 

Buckwheat feed, good grade* 

89.1 

14.7 

69.1 

3.0 

18.6 

5.0 

18.3 

43.1 

4.1 

28 

Buckwheat feed, low grade* 

88.3 

10.4 

47.1 

3.5 

13.3 

3.4 

28.6 

39.8 

3.2 

31 

Buckwheat flour* 

87.6 

7.9 

86.1 

9.9 

8.6 

1.7 

0.7 

75.3 

1.2 

20 

Buckwheat kernels, without hulls* 

89.4 

9.7 

77.7 

7.0 

11.2 

2.4 

0.7 

73.6 

1.5 

4 

. Buckwheat middlings 

88.7 

26.8 

76.7 

1.9 

29.7 

7.3 

7.4 

39.4 

4.9 

25 

Buttermilk* 

9.4 

3.3 

9.1 

1.8 

8.5 

0.6 


4.5 

0.8 

. . . 

Buttermilk, condensed* 

29.9 

10.7 

27.3 

1.6 

11.3 

1.6 


13.3 

3.7 

13 

Buttermilk, dried* 

92.2 

32.1 

86.6 

1.7 

33.8 

5.6 

0.4 

41.9 

10.5 

130 

Carob beans and pods 

87.8 

1.9 

69.4 

35.5 

5.6 

2.6 

8.7 

68.5 

2.5 

6 

Carob bean pods* 

89.6 

1.6 

71.0 

43.4 

4.7 

2.5 

.8.7 

70.9 

2.7 

17 

Carob bean, seeds* 

88.6 

6.7 

63.8 

10.2 

16.7 

2.6 

7.6 

58.4 

3.2 

5 

Cassava, dried* 

94.4 

1.6 

77 . 6 , 

50.7 

2.8 

0.5 

5.0 

84.1 

2.0 

6 

Cassava meal, or dried starch 











waste* 

88.0 

0.4 

73.1 

181.8 

0.8 

0.7 

6.1 

78.8 

1.6 

1 

Chick-peas 

90.0 

16.8 

76.9 

3.9 

20.3 

4.3 

8.5 

54.0 

2.9 


Clover seed, red, screening* 

90.6 

16.6 

60.1 

2.6 

28.2 

6.9 

10.2 

40.3 

5.9 

’ 1 

Clover seed, sweet, screenings* . . 

89.9 

8.8 

64.6 

6.2 

21.7 

3.7 

14.7 

41.1 

8.9 

28 

Cocoa shells. 

96.1 

1.7 

63.3 

30.4 

16.4 

3.0 

16.5 

49.9 

10.3 

21 

Cocoa meal. 

96.0 

9.0 

60.7 

6.7 

24.3 

17.1 

5.1 

43.7 

5.8 

17 
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Feeding 8tu£f 

Mineral and fertiliiing constituents 


Digestion coefficients 


Calcium 

Phos- 

phorus 

Nitro- 

gen 

Potas- 

sium 

Protein 

Fat 

Fiber 

N-free 

extract 

No. oi 
trials 

Concentrates— Cont. 

Per ct. 

Per ct. 

Per ct. 

Per ct. 

Per ct. 

Per ct. 

Perct. 

Per ct. 


{Grains and other seeds and 
their by-products: miscella- 
neous concentrates.) 

Beans, Adzuki (Phaseolus angu- 
laris) 



3.36 







Beans, field 

0.14 

0.45 

. 3.66 

i.i6 

87 

83 

58 

9i 

30 

Beans, mat 



3.68 







Beans, pinto 

. . 


3.63 


59 

38 

49 

83 

14 

Beans, tepary 

. , 


3.55 







Beechnuts 

0.58 

0.30 

2.40 

0.62 






Beet pulp, dried 

0.68 

0.07 

1.44 

0.18 

53 


^1 

86 

5 

Beet pulp, dried, molasses 

0.52 

0.07 

1.58 

1.60 

62 


80 

91 

5 

Beet pulp, wet 

0.09 

0.01 

0.24 

0.02 






Beet pulp, wet, pressed 

Blood meal, or dried blood 



0.22 







0.33 

0.26 

13.15 

0.09 

86 ■ 

100 



i 

Blood, dried, soluble 


. . 

14.19 


96 

100 



1 

Bone flour, or precipitated bone. 
Bone meal, steamed 

26.85 

17.16 

1.17 

0.08 






32.61 

15.17 

1.14 

0.18 






Bone meal, 10 to 20% protein. . . 

26.00 

12.66 

2.00 

, , 






Bone meal, raw 

23.00 

10.00 

4.13 







Bread, stale 

0.02 

0.09 

1.26 

o.io 






Bread, stale, dried 

0.03 

0.12 

1.82 

0.13 


. . 




Brewers’ grains, dried, all anal.. . 

0.25 

0.47 

4.10 

0.05 

81 

89 

49 

67 

5 

Brewers’ grains, dried, 25% pro- 
tein or over 



4.26 







Brewers’ grains, dried, 23-25% 
protein 



3.81 







Brewers’ grains, dried, below 23% 
protein 



3.46 







Brewers’ grains, dried, from Cali- 
fornia barley 

Brewers’ grains, wet 



3.20 







o’.o? 

o!i2 

0.91 

o!6i 






Broom corn seed 



1.7 3 


43 

86 

35 

66 

4 

Buckwheat, common 

0.04 

o!29 

1.90 

o!27 

75 

73 

24 

77 


Buckwheat, Tartary 


, , 

1.63 

o!66 






Buckwheat feed, good grade. . . . 


0.48 

2.98 






Buckwheat feed, low grade 


0.37 

2.13 

0.68 






Buckwheat flour 

o!io 

0.19 

1.38 

0.16 






Buckwheat kernels, without hulls 



1.79 







Buckwheat middlings 


1.02 

4.75 

0.98 

87 

83 

32 

86 

5 

Buttermilk 

0.18 

0.10 

0.56 

0.15 






Buttermilk, condensed 

0.54 

0.30 

1.81 

0.39 






Buttermilk, dried 

1.36 

0.74 

5.41 

0.71 






Carob beans and pods 



0.88 


34 

56 

ei 

86 

‘4 

Carob bean pods 



0.75 







Carob bean seeds 



2.67 







Cassava, dried 



0.45 







Cassava meal, or dried starch 
waste 


0.03 

0.13 

0.23 






Chick-peas 



3.26 


78 

88 

69 

88 

2 

Clover seed, red, screenings. . . . 



4.51 







Clover seed, sweet, screenings. . . 


. . 

2.38 

2;i6 

ii 

i66 

6i 

73 


Cocoa shells 


0.59 

2.46 

*2 

Cocoa meal 



3.89 


37 

89 


40 

5 
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Feeding stuff 

ToUl 

dry 

matter 

Dig. 

protein 

Total 

dig. 

nutri- 

ento 

Nutri- 


Average total composition 


tive 

ratio 

Protein 

Fat 

Fiber 

N-free 

extract 

Mineral 

matter 

No. (»f 
anal. 

Concentrates ^ Cont . 

(Grains and other seeds and 
their hy-products; miscella- 
neous concentrates.) 

Per ct. 

Per ct. 

Per ct. 

1: 

Per ct. 

Per ct. 

Per ct. 

Per ct. 

Per ct. 


Cocoiiut oil meal, old process — 

90.7 

18.7 

80.8 

3.3 

20.8 

8.2 

10.4 

45.0 

6.3 

36 

Coconut oil meal, high in fat*. . . 

91.7 

18.0 

86.1 

3.8 

20.0 

11.6 

11.5 

42.6 

6.0 

40 

Coconut oil meal, solvent process* 

91.1 

19.3 

71.6 

2.7 

21.4 

2.4 

13.3 

47.4 

6.6 

7 

Cod-liver oil meal 

94.4 

49.4 

113.6 

1.3 

52.5 

29.4 

1.0 

8.4 

3.1 

3 

Corn, dent, well-dried 

88.6 

7.4 

83.7 

10.3 

9.7 

4.0 

2.3 

71.1 

1.4 

2602 

Corn, dent. Grade No. 1 

87.2 

7.3 

82.6 

10.3 

9.6 

3.9 

2.3 

70.0 

1.4 


Corn, dent. Grade No. 2 

86.2 

7.1 

80.6 

10.3 

9.4 

3.9 

2.2 

68.4 

1.3 


Corn, dent, Grade No. 3 

83.6 

7.0 

79.0 

10.3 

9.2 

3.8 

2.2 

67.0 

1.3 


Corn, dent, Grade No. 4 

81.2 

6.8 

76.8 

10.3 

8.9 

3.7 

2.1 

65.2 

1.3 


Corn, dent. Grade Nc^ 6 

78.6 

6.6 

74.2 

10.3 

8.6 

3.6 

2.0 

63.0 

1.3 


Corn, dent, soft or immature*. . . 

69.6 

6.6 

66.7 

10.9 

7.4 

3.8 

1.2 

56.0 

1.1 

159 

Corn, flint* 

88.6 

7.4 

84.1 

10.4 

9.8 

4.3 

1.9 

71.0 

1.5 

450 

Corn, pop* 

Corn, sweet, mature* 

Corn ears, including kernels and 

90.6 

9.2 

86.6 

8.4 

12.1 

5.2 

2.0 

69.7 

1.6 

7 

90.7 

8.7 

89.4 

9.3 

11.5 

7.9 

2.3 

67.2 

1.8 

68 

cobs (corn-and-col) meal)* .... 

88.6 

6.0 

76.9 

11.2 

8.2 

3.3 

8.2 

67.4 

1.4 


Corn ears, soft or immature*. . . . 
Corn, snapped, or ear-corn chops 

64.3 

4.2 

63.4 

11.7 

5.8 

1.9 

7.8 

47.7 

1.1 

4 

with husks* 

Corn, snapped, very soft or im- 

91.0 

6.9 

70.6 

11.0 

8.7 

3.2 

10.4 

66.8 

1.9 

390 

mature* 

39.9 

2.3 

30.1 

12.1 

3.4 

1.2 

5.0 

29.2 

1.1 

1 

Corn bran 

90.1 

6.7 

74.4 

12.1 

9.8 

6.4 

9.8 

61.8 

2.3 

288 

Corn feed meal* 

89.2 

7.6 

84.2 

10.1 

10.0 

4.4 

3.0 

70.1 

1.7 

385 

Corn flour* 

87.8 

7.9 

88.7 

10.2 

8.6 

4.0 

0.7 

73.3 

.1.2 

10 

Corn germ meal* 

93.0 

14.6 

79.6 

4.5 

19.8 

7.8 

8,9 

53.2 

3.3 

14 

Corn gluten feed, all analyses . . . 
Corn gluten feed, 27% protein, or 

90.6 

22.7 

77.4 

2.4 

26.4 

2.5 

7.1 

48.4 

6.1 

338 

over 

90.6 

24.1 

77.6 

2.2 

28.0- 

2.5 

6.8 

47.4 

5.9 

118 

Corn gluten feed, 24-27 % protein. 
Corn gluten feed, below 24% pro- 

90.6 

22.2 

77.6 

1 

2.5 

25.8 

2.5 

7.3 

48.9 

6.1 

200 

tein 

89.8 

19.7 

76.1 

2.9 

22.9 

2.5 

7.5 

49.8 

7.1 1 

20 

Corn gluten feed with molasses* . 

88.8 

18.7 

74.6 

3.0 

21.8 

2.7 1 

7.4 

49.0 

7.9 

3 

Corn gluten meal, ail analyses. . . 
Corn gluten meal, 43% protein, 

91.6 

36.6 

81.8 

1.2 

42.9 

2.3 

2.5 

42.0 

1.8 

286 

or over 

Corn gluten meal, below 43% 

91.6 

37.7 

81.4 

1.2 

44.4 

1.9 

2.3 

41.2 

1.7 

118 

protein 

91.6 

36.6 

82.0 

1.3 

41.8 

2.5 

2.6 

42.7 

1.9 

168 

Corn meal, degermed and bolted* 

89.8 

6.7 

84.3 

11.6 

8.8 

2.5 

1.1 

76.5 

0.9 

• . . 

Corn oil meal, old process 

91.8 

16.7 

78.7 

3.7 

22.9 

7.5 

10.0 

49.1 

2.3 

19 

Corn oil meal, solvent process* . . 

91.2 

17.4 

70.6 

3.1 

23.8 

1.8 

11.3 

52.3 

2.4 

12 

Corn-and-oat feed, good grade*. . 

89.7 

8.4 

79.6 

8.5 

11.0 

4,2 

5.6 

66.6 

2.3 

274 

Corn-and-oat feed, low grade*. . . 

90.6 

4.8 

60.0 

11.5 

8.9 

3.6 

13.7 

59.7 

4.6 

388 

Cottonseed, whole 

Cottonseed, whole, immature or 

92.7 

17.0 

91,0 

4.4 

23.0 

23.0 

16.9 

26.3 

3.5 

65 

bolly* 

Cottonseed, whole pressed, 28% 

93.2 

16.2 

80 . 6 . 

4.3 

20.5 

15.9 

24.1 

29.0 

3.7 

16 

protein, or over. 

Cottonseed, whole pressed, below 

94.7 

23.1 

70.9 

2.1 

28.5 

6.3 

23.8 

31.7 

4.4 

208 

, 28% protein* 

Cottonseed kernel, without hull. 

92.9 

21.8 

70.8 

2.2 

26.9 

7,2 

24.3 

30.3 

4.2 

252 

Texas* 

93.6 

32.4 

118.0 

2.6 

39.0 

33.2 

2.2 

14.8 

4.4 

70 
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Table I. Average composition and digestible nutrients — continued. 


Feeding stuff 


Mineral and fertilizing constituents 

„ , . Phos- Nitro- Potas- 

ualcmm phonis gen sium 


Digestion coefficients 


Concentrates— Cont. 

(Grains and other seeds and 
their by-products: miscella- 
neous concentrates.) 

Coconut oil meal, old process.. . . 

Coconut oil meal, high in fat 

Coconut oil meal, solvit process 

Cod-liver oil meal 

Corn, dent, well dried 

Corn, dent, Grade No. 1 

Corn, dent. Grade No. 2 

Corn, dent, Grade No. 3 

Corn, dent. Grade No. 4 

Corn, dent, Grade No. 5 

Corn, dent, soft or immature — 

Corn, flint 

Corn, pop 

Corn, sweet, mature 

Corn ears, including kernels and 

cobs (corn-and-coD meal) 

Corn ears, soft or immature 

Corn, snapped, or ear-corn chops 

with husks 

Corn, snapped, very soft or im- 
mature 

Corn bran 

Corn feed meal 

Corn flour 

Corn germ meal 

Corn gluten feed, all analyses 

Corn gluten feed, 27% protein, or 

over 

Corn gluten feed, 24-27% protein 
Corn gluten feed, below 24% pro- 
tein 

Corn gluten feed with molasses. . 
Corn gluten meal, all analyses. . . 
Corn gluten meal, 43% protein, 

or over 

Corn gluten meal, below 43% 

protein 

Corn meal, degermed and bolted 

Corn oil meal, old process 

Corn oil meal, solvent process. . . 
Corn-and-oat feed, good grade. . . 
Corn-and-oat feed, low grade.. . . 

Cottonseed, whole. 

Cottonseed, whole, immature or 

bolly 

Cottonseed, whole pressed, 28% 

protein, or over 

Cottonseed, whole pressed, be- 
low 28% protein 

Cottonseed kernel, without hull, 
Texas 


Per ct. Per ot. Per ct. Per ct. Per ct. Per ct. Pw ct. 


90 100 43 87 


0.03 

0.27 

1.57 

0.56 

0.04 

0.38 

1.60 

0.28 



1.38 




3.17 


o’. 14 

o’.55 

4.22 

0.54 


94 97 

76 91 57 94 


0.54 86 74 92 91 


0.02 85 93 58 93 


73 96 75 78 

0.42 y. y. y. y 

0.95 74 92 64 59 

81 96 48 72 
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Table I. Average composition and digestible nutrients — continued. 


Feeding stuff 

Total 

Dig. 

tffotein 

Total 

1 Nutri- 
tive 
ratio 


Average total composition 


dry 

matter 

Olg. 

nutri- 

ents 

Protein 

Fat 

1 

Fiber 

N-free 

extract 

Mineral 

matter 

No. of 
anal. 

Concentrates— Cont. 

Per ct. 

Per ct. 

Per ct. 

1: 

Per ct. 

Perct. 

Per ct. 

Per ct. 

Per c 


(Grains and other seeds and 
their by-products: miscella- 
neous concentrates.) 

Cottonseed kernel, without hull, 
other analyses* 

93.3 

27.2 

118.7 

3.4 

32.8 

34.6 

3.1 

17.5 

5.3 

8 

Cottonseed meal, 46% protein 
and over 

93.0 

37.8 

80.8 

1.1 

45.6 

7.8 

8.9 

25.1 

5.6 

556 

Cottonseed meal, 45% protein 
and over, not including Texas 
analyses 

93.1 

38.6 

80.4 

1.1 

46.5 

8.1 

8.0 

23.6 

6.8 

45 

Cottonseed meal, 45% protein 
and over, Texas analyses 

93.0 

37.8 

80.9 

1.1 

45.5 

7.8 

9.0 

25.2 

5.5 

511 

Cottonseed meal, ‘43% protein 
grade 

93.6 

36.0 

76.6 

1.2 

43.2 

7.2 

10.6 

27.0 

5.5 

10098 

Cottonseed meal, 43% protein 
grade, not including Texas 
analyses 

92.9 

36.1 

74.9 

1.1 

43.3 

7.3 

9.3 

26.7 

6.3 

445 

Cottonseed meal, 43% protein 
grade, Texas analyses 

93.6 

36.0 

76.6 

1.2 

43.2 

7.2 

10.7 

27.0 

5.4 

9,653 

Cottonseed meal, 41% protein 
grade* 

92.8 

33.9 

73.6 

1.2 

41.9 

7.0 

10.8 

27.2 

5.9 

1,549 

Cottonseed meal, 41% protein 
grade, not including Texas 
analyses* 

93.0 

33.9 

73.6 

1.2 

41.8 

7.0 

9.9 

27.8 

6.5 

677 

Cottonseed meal, 41% protein 
grade, Texas analyses* 

92.7 

33.9 

73.2 

1.2 

41.9 

7.1 

11.5 

26.8 

5.4 

872 

Cottonseed meal, 38.5 — 41% pro- 
/tein 

92.8 

32.2 

72.7 

1.3 

39.8 

7.2 

10.5 

28.9 

6.4 

324 

Cottonseed meal, 36—38.5% pro- 
tein* 

92.7 

29.3 

69.2 

1.4 

37.1 

6.6 

12.5 

30.5 

6.0 

824 

Cottonseed feed, below 36% pro- 
tein 

92.4 

26.6 

66.9 

1.5 

34.6 

6.3 

14.1 

31.5 

5.9 

145 

Cottonseed feed, Texas 38.56% 

protein grade* 

Cottonseed feed, Texas 36% pro- 
tein grade* 

92.6 

31.1 

70.6 

1.3 

39.4 

7.3 

13.3 

27.4 

5.2 

131 

92.6 

28.7 

67.6 

1.4 

37.3 

7.3 

14.6 

28.0 

5.3 

57 

Cowpeas 

88.6 

19.4 

76.6 

2.9 

23.6 

1.5 

4.1 

55.9 

3.5 

31 

Crab meal* 

92.0 

26.6 

33.8 

0.3 

36.5 

2.9 

5.7 

7.4 

39.5 

2 

Darso grain 

89.9 

7.7 

82.4 

9.7 

10.6 

3.3 

2.8 

71.7 

1.5 

10 

Distillers' corn grains, dried 

Distillers’ rye grains, dried 

Distillers' grains, mixed, dried* . . 

93.6 

22.3 

85.0 

2.8 

30.6 

10.6 

10.8 

38.7 

2.9 

42 

94.0 

10.1 

62.9 

5.2 

18.1 

6.9 

17.0 

48.8 

3.2 

8 

93.8 

16.0 

75.6 

4.0 

23.1 

9.0 

12.2 

47.6 

1.9 

5 

Distillers' grains, wet* 

22.4 

2.9 

17.2 

4.9 

4.4 

1.5 

2.5 

13.3 

0.7 

4 

Distillery rye slop, dried* 

88.0 

16.8 

61.3 

2.1 

30.0 

3.0 

8.0 

38.0 

9.0 

1 

Distillery slop, strained* 

4.2 

0.9 

3.7 

3.1 

1.4 

0.8 

0.2 

1.5 

0.3 

9 

Distillery slop, whole* 

6.2 

1.2 

4.9 

3.1 

1.9 

0.6 

0.5 

2.9 

0.3 

9 

Durra grain* 

89.8 

6.9 

77.7 

10.3 

10.3 

3.5 

1.6 

72.4 

2.0 

7 

Emmer grain (spelt) 

91.2 

9.6 

74.7 

6.8 

12.0 

1.9 

9.8 

63.8 

3.7 

41 

Emmer, without hulls* 

89.6 

11.9 

78.8 

5.6 

14.9 

2.5 

2.1 

68.5 

1.5 

4 

Feterita grain 

Feterita head chops* 

89.6 

10.1 

79.7 

6.9 

13.0 

2.9 

2.2 

69.8 

1.7 

60 

89.6 

6.7 

68.1 

9.2 

10.7 

2.6 

7.4 

65.7 

3.2 

18 

Fish meal, all analyses. 

92.3 

47.5 

67.6 

0.4 

58.7 

7.9 

0.9 

4.1 

20.7 

362 

Fish meal, over 63% protein 

92.6 

64.0 

71.3 

0.3 

66.7 

6.8 

0.7 

3.6 

14.7 

14 

Fish meal, 58-63% protein 

92.2 

48.8 

67.7 

0.4 

60.2 

7.5 

0.8 

3.9 

19.8 

203 
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Table I. Average composition and digestible nutrients — continued. 



Mineral and fertilizing constituents 


Digestion coefficients 


Feeding stuff 

Calcium 

Phos- 

phorus 

Nitro- 

gen 

Potas- 

sium 

Protein 

Fat 

Fiber 

K-free 

extract 

No. of 
trials 

Concentrates— Cont. 

{Grains and other seeds and 
their by-products; miscella- 
neous concentrates.) 
Cottonseed kernel, without hull, 
other analyses 

Per ct. 

Per ct. 

Per ct. 

5.25 

Per ct. 

Per ct. 

Per ct. 

Per ct. 

Per ct. 


Cottonseed meal, 45% protein 
and over 

0.24 

1.14 

7.30 


83 

97 

69 

79 

2 

Cottonseed meal, 45% protein 
and over, not including Texas 
analyses 



7.44 







Cottonseed meal, 45% protein 
and over, Texas analyses 



7.28 






• ^ 

Cottonseed meal, 43% protein 
grade 

0.24 

1.11 

6.91 

1.36 

81 ’ 

97 

45 

74 

32 

Cottonseed meal, 43% protein 
grade, not including Texas an- 
alyses 



6.93 







Cottonseed meal, 43% protein 
grade, Texas analyses 



6.91 







Cottonseed meal, 41% protein 
grade 

0.20 

1.19 

6.70 

1.48 






Cottonseed meal, 41% protein 
grade, not including Texas 
analyses 



6.69 







Cottonseed meal, 41% protein 
grade, Texas analyses 



6.70 






, , 

Cottonseed meal, 38.5-41% pro- 
tein 

0.22 

1.24 

6.37 

1.46 

81 

94 

45 

71 

9 

Cottonseed meal, 36-38.5% pro- 
tein 



5.94 







Cottonseed feed, below 36% pro- 
tein 

0.26 

0.83 

5.54 

1.22 

77 

85 

32 

72 

8 

Cottonseed feed, Texas 38.56% 
protein grade 



6,30 







Cottonseed feed, Texas 36% pro- 
tein grade 



5.97 







Cowpeas 

o!io 

o!47 

3.78 

L45 

82 

74 

64 

93 

2 

Crab meal 

13.06 

0.51 

5.84 

1.90 




. . 

, . 

Darso grain 

Distillers’ corn grains, dried 



1.70 


73 

87 

si 

92 

2 

o!65 

o!31 

4.90 

o!i3 

73 

97 

83 


23 

Distillers’ rye grains, dried 

0.13 

0.43 

2.90 

0.04 

56 

80 

45 

67 

3 

Distillers’ grains, mixed, dried. . . 

. . 

. . 

3.70 

. . 






Distillers’ grains, wet 

Distillery rye slop, dried 

0.01 

0.07 

0.70 

0.03 





, , 

. . 

. . 

4.80 






. . 

Distillery slop, strained 

. . 


0.22 






. . 

Distillery slop, whole 



0.30 






. . 

Durra grain 



1.65 







Emmer grain (spelt) 


0.33 

1.92 

0.4? 

80 

88 

46 

89 

15 

Emmer, without hulls 


. . 

2.38 


. . 




, . 

Feterita grain 

Feterita head chops 



2.08 1 


78 

75 

50 

9i 

6 



1.71 


, . 


, , 

, , 

. , 

Fish meal, all analyses 

5‘.37 

2!98 

9.39 


81 

99 


. . 

. . 

Fish meal, over 63% protein 

4.24 

3.06 

10.67 







Fish meal, 58-63% protein 



9.63 
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Table I. Average composition and digestible nutrients — continued. 


Feeding Btuff 

Total 

Dig. 

protein 

Total 

dig. 

nutri- 

ents 

Nutri- , 


Average total composition 


dry 

matter 

tive 

ratio 

Protein 

Fat 

Fiber 

N-free 

extract 

Mineral 

matter 

No. of 
anal. 

Concentrates — Cont . 

{Grains and other seeds and 
their by-products; miscella- 
neous concentrates.) 

Fish meal, 63-58% protein 

Per ct. 

92.6 

Per ct. 

46.4 

Per ct. 

67.7 

0.5 

Per ct. 

56.1 

Per ct. 

8.8 

Per ct. 

1.0 

Per ct. 

4.6 

Per ct. 

22.0 

113 

Fish meal, below 63% protein. . . 

91.8 

40.9 

62.9 

0.5 

50.5 

9.3 

0.4 

2.3 

i 29.3 

9 

Fish meal, menhaden 

91.8 

46.6 

69.1 

0.5 

56.3 

9.2 

0.9 

5.2 

20.2 

17 

Fish meal, sardine 

93.6 

62.2 

76.1 

0.5 

64.5 

9.8 

0.2 

3.8 

15.2 

2 

Fish meal, solvent process 

91.6 

47.3 

66.6 

0.2 

60.6 

2.9 

0.7 

3.6 

23.8 

8 

Fish meal, white 

94.2 

46.8 

60.0 

0.1 

56.5 

1.3 

0.7 

2.1 

33.6 

4 

Flaxseed 

93.6 

21.4 

108.7 

4.1 

23.5 

36.4 

5.9 

24.2 

3.6 

10 

Flaxseed screenings* 

91.3 

11.6 

66.6 

4.7 

16.4 

9.6 

12.6 

45.6 

7.1 

45 

Frijole {Phaseolus,vulgaris)* 

V Garbage* * 

90.4 

14.6 

64.1 

3.4 

24.6 

1.1 

4.2 

56.1 

4.4 

1 

39.3 

2.2 

34.6 

14.7 

6.0 

7.2 

1.1 

22.2 

2.8 

3 

Garbage, processed (high in fat)*. 

96.9 

6.3 

86.6 

12.6 

17.5 

23.7 

20.0 

21.8 

12.9 

4 

Garbage, processed (low in fat). . 

93.2 

7.8 

68.6 

6.5 

21.6 

3.0 

17.1 

36.7 

14.8 

3 

Grape fruit refuse, dried 

91.7 

1.2 

76.8 

62.2 

4.9 

1.1 

11.9 

69.6 

4.2 

1 

Grape seed meal* 

Hegari grain* 

91.0 

0.6 

17.2 

33.4 

12.8 

6.7 

37.1 

31.9 

2.5 

1 

90.0 

7.9 

81.2 

9.3 

9.7 

2.5 

2.3 

73.7 

1.8 

12 

Hemp seed oil meal 

91.8 

26.1 

46.0 

0.7 

31.1 

6.6 

22.8 

23.3 

8.0 


Hominy, pearled* 

89.4 

6.9 

84.8 

13.4 

7.8 

3.3 

1.0 

76.1 

1.2 

5 

Hominy feed 

90.9 

7.8 

86.2 

9.9 

11.0 

6.9 

4.8 

65.5 

2.7 

1,270 

Hominy feed, low in fat* 

90.2 

7.2 

82.4 

10.4 

10.2 

4.5 

4.2 

69.1 

2.2 

23 

Horse beans* 

87.6 

21.3 

76.1 

2.6 

25.7 

1.4 

8.2 

48.8 

3.4 

5 

Jackbeans 

Kafir grain 

89.3 

22.2 

83.6 

2.8 

24.7 

3.2 

8.2 

50.4 

2.8 

5 

88.6 

9.1 

80.1 

7.8 

11.2 

3.0 

2.3 

70.3 

1.7 

230 

Kafir head chops 

89.1 

7.6 

76.9 

9.1 

10.0 

2.7 

6.9 

66.4 

3.1 

49 

Kaoliang grain* 

89.9 

8.6 

92.6 

8.7 

10.5 

4.1 

1.6 

71.8 

1.9 

16 

Kelp, dried* 

90.7 

4.2 

41.0 

8.8 

5.6 

0.7 

7.5 

43.7 

33.2 

4 

Lemon pulp, dried 

92.8 

2.9 

72.7 

24.1 

6.4 

1.2 

15.0 

65.2 

5.0 

1 

Linseed meal, old process, all 
analyses 

91.3 

30.6 

78.2 

1.6 

35.2 

6.3 

8.0 

36.3 

5.5 

1,142 

Linseed meal, o. p., 37% protein 
or over 

91.2 

33.6 

77.8 

1.3 

38.5 

5.6 

7.5 

34.5 

5.1 

151 

Linseed meal, o. p., 33-37% pro- 
tein 

91.3 

30.7 

78.4 

1.6 

35.3 

6.4 

8.0 

36.2 

5.4 

807 

Linseed meal, o. p., 31-33% pro- 
tein 

91.2 

27.9 

77.9 

1.8 

32.1 

6.7 

8.4 

38.0 

6.0 

162 

Linseed meal, o. p., below 31% 
protein 

91.0 

26.4 

77.4 

1.9 

30.3 

6.5 

8.6 

39.6 

6.0 

22 

Linseed meal, solvent process. . . 

90.4 

31.0 

72.3 

1.3 

36.9 

2.9 

8.7 

36.3 

5.6 

182 

Linseed meal and screenings oil 
feed, 33% protein and over*. . 

91.4 

29.9 

76.7 

1.5 

35.0 

5.7 

9.0 

35.9 

5.8 

14 

Linseed meal and screenings oil 
feed> 31-33% protein* 

91.4 

27.4 

76.4 

1.8 

32.1 

6.0 

9.3 

37.7 

6.3 

18 

Linseed meal and screenings oil 
feed, below 31% protein 

91.0 

24.7 

73.9 

2.0 

29.6 

6.2 

9.8 

39.2 

6.2 

18 

Malt sproCts. 

92.2 

20.3 

70.6 

2.5 

26.4 

1.5 

12.7 

45.5 

6.1 

273 

.Manamar* 

93.8 

31.9 

61.9 

0.6 

40.9 

5.6 

2.3 

16.4 

28.6 

10 

Meat scraps, or dry - rendered 
tankage, 66% protein grade*. . 

93.7 

60.6 

73.8 

0.5 

55.0 

10.7 

2.2 

1.2 

24.6 

264 

Meat and bone scraps, or dry- 
rendered tankage with bone, 
’ 60 % protein grade* 

93.8 

46.7 

71.2 

0.5 

50.8 

11.1 

2.1 

2.0 

27.8 

989, 
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Table I. Average composition and digestible nutrients — continued. 


Feeding stuff 

Mineral and feriiluing constituents 


Digestion coefficients 


Calcium 

Phos- 

phorus 

Nitro- 

gen 

Potas- 

sium 

Protein 

Fat 

Fiber 

N-free 

extract 

No. of 
triids 

Concentrates^Cont. 

(Grains and other seeds and 
their by-products; miscella- 
neous concentrates.) 

Fish 'meal, 53-58% protein 

Per ct. 

Per ct. 

Per ct. 

8.98 

Per ct. 

Per ct. 

Per ct. 

Per ct. 

Per ct. 


Fish meal, below 53% protein. . . 



8.08 







Fish meal, menhaden 



9.01 







Fish meal, saraine 



10.32 







Fish meal, solvent process 



9.70 







Fish meal, white 



9.04 







Flaxseed 

0.25 

0.66 

3.76 

0.58 

91 

86 

60 

55 

7 

Flaxseed screenings 


0.23 

2.62 

1.05 






Frijole (Phaseolus vulgaris) 



3.94 







Garbage 



0.96 







Garbage, processed (high in fat) 


0.33 

2.16 

0.62 

36 

82 

88 

82 

3 

Garbage, processed (low in fat) . 



3.46 







Grape fruit refuse, dried 



0.78 


25 

79 

72 

92 

4 

Grape seed oil meal 



2.05 







Hegari grain 



1.55 


. . 





Hemp seed oil meal 



4.98 


84 

85 

12 

15 

6 

Hominy, pearled 

0.004 

o.io 

1.25 

0.i4 






Hominy feed 

0.03 

0.57 

1.76 

0.60 

7i 

92 

86 

90 

ii 

Hominy feed, low in fat 



1.63 





, , 


Horse beans 

o.ia 

0.54 

4.11 

l.i6 

. . 

. . 




Jackbeans 



3.95 


90 

82 

80 

97 

1 

Kafir grain 

Kafir head chops 

0.04 

0.30 

1.79 

0.34 

81 

76 

55 

92 

2 



1.60 






2 

Kaoliang grain 



1.68 







Kelp, dried 

SM 

o!30 

0.90 






. . 

Lemon pulp, dried 



1.02 


46 

27 

60 

92 

4 

Linseed meal, old process, all 
analyses ' 

0.33 

0.86 

5.63 

1.27 

87 

92 

59 

82 

9 

Linseed meal, o. p., 37% protein 
or over 

0.38 

0.80 

6.16 

1.10 






Linseed meal, o. p., 33-37% pro-j 
tein 

0.36 

0.74 

5.65 

1.13 






Linseed meal, o. p., 31-33% pro- 
tein 



5.14 







Linseed meal, o. p., below 31% 
protein 

0.34 

0.92 

4.85 

1.40 






Linseed meal, solvent process . . . 



5.90 


84 

89 

74 

80 

12 

Linseed meal and screenings oil 
feed, 33% protein and over. . . 



5.60 







Linseed meal and screenings oil 
feed, 31-33% protein 

0.42 

i 0.63 

5.14 







Linseed meal and screenings oil 
feed, below 31% protein 


0.71 

4.74 

L52 

77 

85 

87 

80 


Malt sprouts 

0’.24 

4.22 

5 

Manamar 

7.73 

0.58 

6.54 







Meat scraps, or dry -rendered 
tankage, 55% protein grade. . . 

8.70 

4.30 

8.80 






. . 

Meat and bone scraps, or dry- 
rendered tankage with bone, 
50% protein grade 

10.96 

5.16 

8,13 

.. 
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Table I. Average composition and digestible nutrients — continued. 


Feeding stuff 

Total 

Dig. 

protein 

Total 

dig. 

nutri- 

ents 

Nutri- 


Average total composition 


dry 

matter 

tive 

ratio 

Protein 

Fat 

Fiber 

N-free 

extract 

Mineral 

matter 

No, of 
anal. 

Concentrates — Cont . 

Per ct. 

Per ct. 

Perct. 

1: 

Per ct. 

Per ct. 

Per ct. 

Per ct. 

Per ct. 


(Grains and other seeds and 
their . by-products; miscella- 
neous concentrates,) 

Meat and bone scraps, or dry- 
rendered tankage with bone, 
45 % protein grade* 

93.6 

42.2 

68.3 

0.6 

45.9 

11.7 

2.2 

2.7 

31.1 

198 

Mesquite beans and pods 

94.0 

11.7 

71.6 

6.1 

13.0 

2.8 

26.3 

47.4 

4.5 

8 

Milk, cow’s 

12.8 

3.3 

16.2 

3.9 

3.5 

3.7 


4.9 

0.7 


Milk, ewe’s* 

19.2 

6.1 

26.0 

3.3 

6.5 

6.9 


4.9 

0.9 


Milk, goat's* 

Milk, mare’s* 

13.9 

3.6 

16.6 

3.7 

3.7 

4.1 


4.2 

0.8 


9.4 

1.9 

10.1 

4.3 

2.0 

1.1 


5.9 

0.4 

72 

Milk, sow’s* 

19.0 

6.6 

26.6 

3.6 

5.9 

6.7 


5.4 

1.0 

25 

Milk albumin, dried* 

93.7 

43.2 

86.3 

1.0 

45.5 

11.0 


19.5 

17.7 

2 

Millet seed, foxtail. 

89.1 

8.6 

76.7 

7.8 

12.1 

4.1 

8.6 

60.7 

3.6 

32 

Millet seed, hog, or proso* 

90.7 

8.3 

77.1 

8.3 

11.7 

3.3 

8.1 

64.2 

3.4 

61 

Millet seed, Japanese* 

89.8 

7.6 

72.4 

8.5 

10.7 

4.7 

16.0 

52.8 

5.6 

3 

Milo grain 

89.4 

8.7 

79.9 

8.2 

11.2 

2.9 

2.2 

71.2 

1.9 

784 

Milo Read chops 

90.3 

7.8 

77.4 

8.9 

10.3 

2.5 

6.7 

67.2 

3.6 

185 

Molasses, beet 

80.6 

2.6 

68.8 

22.5 

7.7 



62.6 

10.3 

13 

Molasses, beet, Steffen's process*. 

80.2 

4.8 

69.9 

11.5 

9.3 



60.5 

10.4 

2 

Molasses, cane 

74.1 

0.9 

66.6 

61.9 

2.8 



61.9 

9.4 

13 

Molasses, cane, high in sugar*. . . 

79.7 

0.4 

67.8 

168.5 

1.3 



74.9 

3.5 

1 

Molasses, corn sugar, or hydrol* 

80.6 

0.1 

70.1 

700.0 

0.2 



77.8 

2.5 

1 

Oats, not including Pacific Coast 
states 

91.1 

9.4 

71.6 

6.6 

12.0 

4.7 

10.6 

60.2 

3.6 

960 

Oats, light weight* 

91.3 

7.8 

60.6 

6.8 

12.3 

4.7 

15.4 

54.4 

4.5 

22 

Oats, mill, or low grade* 

91.6 

8.4 

68.0 

7.1 

11.6 

5.3 

12.0 

58.6 

4.0 

21 

Oats, Pacific Coast states* 

91.2 

7.0 

72.2 

9.3 

9.0 

5.4 

11.0 

62.1 

3.7 

117 

Oats, winter. Pacific Coast states* 

91.1 

7.6 

76.4 

9.1 

9.6 

7.2 

8.7 

62.2 

3.4 

16 

Oat flour* 

92.0 

13.6 

93.6 

5.9 

15.0 

5.8 

2.6 

66.7 

1.9 

1 

Oat clippings 

92.2 

3.6 

61.0 

13.6 

8.8 

2.3 

25.3 

44.9 

10.9 

5 

Oat kernels, without hulls* 

91.7 

14.6 

93.9 

6.4 

16.2 

6.4 

1.9 

65.3 

1.9 

133 

Oat meal, feeding, or rolled oats. . 

91.6 

14.7 

92.6 

5.3 

16.3 

5.9 

2.8 

64.1 

2.4 

71 

Oat middlings 

Oat mill feed, usual grade 

Oat mill feed, high grade* 

92.1 

12.2 

83.0 

5.8 

15.3 

5.5 

9.9 

57.3 

4.1 

12 

93.7 

4.0 

42.6 

9.7 

6.5 

2.1 

27.6 

52.3 

6.2 

130 

92.6 

9.4 

62.1 

6.6 

12.3 

4.3 

i 17.1 

52.5 

6.4 

15 

Oat mill feed, poor grade* 

93.8 

0.9 

38.6 

41.9 

4.2 

1.6 

31.5 

49.9 

6.6 

13 

Oat mill feed, with molasses* — * 

92.6 

4.6 

42.4 

8.4 

6.1 

2.2 

24.4 

53.5 

6.3 

4 

Olive pulp, dried, pits removed*. 

96.1 

7.0 

81.3 

10.6 

14.0 

27.4 

19.3 

31.0 

3.4 

1 

Olive pulp, dried, with pits 

92.0 

0.0 

36.6 

0.0 

5.9 

15.6 

36.5 

31.5 

2.5 

1 

Orange peel, dried 

86.9 

2.1 

69.8 

32.2 

5.8 

0.7 

10.6 

64.7 

4.1 

1 

Orange pulp, dried 

87.9 

6.1 

78.4 

11.9 

7.7 

1.5 

8.0 

67.3 

3.4 

3 

Orange pulp, wet* 

20.0 

1.3 

18.0 

12.8 

1.7 

0.8 

1,6 

15.2 

0.7 


Palm kernel oil meal, low in fiber* 

87.7 

14.4 

71.7 

4.0 

19.0 

7.4 

11.1 

45.9 

4.3 

2 

Palm kernel oil meal, high in fiber 

89.6 

12.8 

70.2 

4.5 

16.8 

9.5 

24.0 

35.0 

4.3 

600 

Palmo middlings* 

94.1 

13.3 

86.4 

6.4 

16.0 

9.6 

6.7 

56.5 

5.3 

31 

Pea seed, field 

90.6 

20.2 

79.6 

2.9 

23.8 

1.2 

6.2 

56.2 

3.1 

11 

Pea seed^ field, cull* 

90.3 

21.0 

79.4 

2.8 

24.7 

2.2 

7.6 

52.4 

3.4 

3 

Pea seed, garden* 

89.2 

21.0 

78.4 

2.7 

25.3 

1.7 

5.7 

53.6 

2.9 

12 

Pea feed 

90.4 

14.3 

78.6 

4.5 

17.4 

1.4 

24.6 

43.7 

3.3 

3 

Peanuts, with hulls 

94.1 

20.2 

103.6 

4.1 

24.9 

36.2 

17.5 

12.6 

2,9 

68 

Peanut kernels, without hulls*.. . 

94.7 

27.1 

139.9 

4.2 

30.5 

47.7 

2.5 

11.7 

2.3 

104 

Peanut-oil-meal, o.p., all analyses 

93.4 

38.0 

82.1 

1.2 

42.7 

8.5 

8.9 

27.0 

6.3 

208 

Peanut-oil-meal, o. p., 46 % pro- 
tein and over 

94.0 

41.3 

83.5 

1.0 

46.4 

8.6 

9.2 

24.3 

5.5 

63 
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Table I. Average composition and digestible nutrients — continued. 


Feeding stuff 

Mineral and fertilizing constituents 


Digestion coefficients 


Calcium 

Phos- 

phorus 

Nitro- 

gen 

Potas- 

sium 

Protein 

Fat 

Fiber 

K-free 

extract 

No. of 
trials 

Concentrates— Cont, 

(Grains and other seeds and 
their by-products; miscella- 
neous concentrates.) 

Meat and bone scraps, or dry- 
rendered tankage with bone, 

Per ct. 

Per ct. 

Per ct. 

Per ct. 

Per ct. 

Per ct. 

Per ct. 

Per ct. 


45% protein grade 


. , 

7.34 


. . 





Mesquite beans and pods 

, , 


2.08 


90 

95 

59 

81 

2 

Milk, cow’s 

0.12 

0.09 

0.56 

o.u 

94 

97 


98 

13 

Milk, ewe’s 

0.21 

0.12 

1.04 

0.19 






Milk, goat’s 

Milk, mare’s 

0.13 

0.10 


0.15 






0.08 

0.05 

0.32 

0.08 






Milk, sow’s 



0.94 







Milk albumin, dried 



7.28 





. . 


Millet seed, foxtail 


0.20 

1.94 

0.31 

71 

73 

53 

92 

6 

Millet seed, hog, or proso 

0.01 

0.32 

1.87 

0.43 






Millet seed, Japanese 


0.54 

1.71 

0.33 






Milo grain 

Milo head chops 


0.34 

1.79 

0.36 

78 

78 

58 

9i 

io 



1.65 

. . 

76 

87 

52 

91 

4 

Molasses, beet 

0.05 

0.02 

1.23 

4.77 

52 



91 

4 

Molasses, beet, Steffen’s process. 

0.02 

0.03 

1.49 

4.62 






Molasses, cane 

0.56 

0.06 

0.45 

2.62 

32 



93 

26 

Molasses, cane, high in sugar . . . 



0.21 






, , 

Molasses, corn sugar, or hydrol. . 
Oats, not including Pacific Coast 


» • 

0.03 







states 

0.09 

0.33 

1.92 

0.40 

78 

88 

38 

81 

19 

Oats, light weight 


0.36 

1.97 

0.47 






Oats, mill, or low grade 


0.26 

1.86 

0.52 






Oats, Pacific Coast states 



1.44 







Oats, winter. Pacific Coast states 
Oat flour 



1.54 

2.40 







Oat clippings 



1.41 


40 

71 

63 

62 

*6 

Oat kernels, without hulls 

o!69 

o!44 

2.59 

o!39 






Oat meal, feeding, or rolled oats. 

0.06 

0.45 

2.61 

0.37 

90 

96 

80 

98 

2 

Oat middlings 

Oat mill feed, usual grade 


0.56 

2.45 

0.57 

80 

93 

49 

95 

2 

o!26 

0.18 

0.88 ! 

0.57 

73 

73 

40 

46 

18 

Oat mill feed, high grade 



1.70 1 







Oat mill feed, poor grade 


• • 1 

0.67 1 






, , 

Oat mill feed, with molasses .... 



0.98 






. . 

Olive pulp, dried, pits removed. . 



2.24 






, , 

Olive pulp, dried, with pits 



0.94 


'6 

86 

*6 

20 

5 

Orange peel, dried 



0.93 


37 

7 

94 

89 

4 

Orange pulp, dried 



1.23 


79 

49 

84 

95 

5 

Orange pulp, wet 


. . 

0.27 






. . 

Palm kernel oil meal, low in fiber 



3.04 







Palm kernel oil meal, high in fiber 


o!48 

2.69 

o!42 

76 

89 

39 

83 


Palmo middlings 

, , 

, , 

2.56 

, , 






Pea seed, field 

0.07 

0.40 

3.81 

1.03 

85 

62 

87 

93 


Pea seed, field, cull 

, . 


3.95 






. , 

Pea seed, garden 

0.08 

0.40 

4.05 

0.90 






Pea feed 



2.78 


82 

68 

87 

C3 

*3 

Peanuts, with hulls 

Peanut kernels, without hulls . . . 


0.33 

3.98 

o!53 

81 

93 

34 

13 

4 

OM 

0.38 

4.88 

0.54 



, , 


, , 

Peanut-oil-meal, o.p., all analyses 
Peanut-oil,meal, o. p., 45% pro- 

0.17 

0.55 

6.83 

1.16 

89 

95 

37 

84 

4 

tein and over | 



7.42 
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Table I. Average composition and digestible nutrients — continued. 


Feeding stuff 


Concentrates-— Cont. 

{Grains and other seeds and 
their by-products; miscella- 
neous concentrates.) 
Peanut-oil-meal, o. p., 43-45 


Peanut-oil-meal, o. p., 36-43% 


Peanut-oil-meal, solvent process’^ 91.6 
Peanut oil feed, partly hulled*.. . 93.6 

Peanut skins* 93.6 

Peanuts, whole pressed* 92.2 

Perilla oil meal 91.9 

Pigeon-grass seed 89.3 


Kti 


Potato flakes, dried* .... 

Potato flour* 

Potato pomace, dried*. . . 
Pumpkin seed, not dried* 

Raisins, cull* 

Raisin pulp, dried 

Rape seed oil meal 

Rice grain, or rough rice. 

Rice, brewers’* 

Rice, brown* 

Rice, polished* 

Rice bran 

Rice bran, low grade*. . . 

Rice polish 

Rubber seed oil meal — 
Rye grain 




»*n»Te¥liTr7?i li 


■i 








protein 



Average total composition 


0.8 38.5 


65.0 
61.8 

2.3 47.6 

28.2 61.3 

6.3 69.1 

6.4 79.7 
6.6 82.6 
6.4 79.9 
8.8 67.7 

6.3 46.2 

9.3 86.7 
20.4 63.4 

10.3 80.1 
12.8 77.4 

87.0 
77.9 

77.1 

76.7 
80.4 
76.6 

68.8 
81.6 
88.7 

3.6 8.6 

3.6 10.2 

33.1 84.1 

32.1 83.6 

6.6 74.3 

86.2 



8.6 8.3 29.2 

1.4 5.7 27.2 

8.7 17.7 28.2 
22.4 10.6 41.9 

9.1 21.4 21.6 

8.1 20.8 16.3 

5.4 17.2 45.7 
0.8 15.2 66.7 

10.2 11.8 19.7 
0.3 2.9 73.6 

0.8 2.2 81.3 

0.5 10.3 69.0 
20.6 10.8 4.1 

0.9 4.4 73.1 

7.8 16.1 50.6 

5.1 11.7 30.4 

1.8 8.8 64.7 

0.6 0.8 78.4 

2.0 1.0 77.2 

0.4 0.4 79.1 

13.4 13.0 41.1 
20.2 36.8 

11.5 3.0 57.2 

9.2 10.0 37.6 

1.7 2.3 

4.6 

1.3 0.6 

3.6 4.2 

5.0 
5.9 
3.4 

6.1 


13.5 38.0 


N-free Mineral No. of 
extract I matter | anai. 


6.9 40 

6.6 105 

5.8 2 

5.7 9 

2.7 3 

4.7 159 

8.2 3 



1.9 2 

3.0 3 

5.3 4 

8.0 ... 

5.0 12 


0.5 39 

10.8 481 
15.2 44 

6.1 214 

5.5 2 

2.0 58 

3.7 148 

0.9 7 

3.2 5 

3.8 76 

4.2 58 

1.7 3 


1.9 19 

33.8 2 

0.8 ... 
0.8 ... 
8.0 101 
7.6 15 

1.8 21 

5.3 161 


5.6 30.3 5.7 92 

49.9 I 6.2 I 5.1 26.4 5.5 21 


44.2 5.6 


31.5 5.5 38 
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Table I. Average composition and digestible nutrients — continued. 


Feeding stuff 

Mineral and fertilizing constituenta 

Digestion coefficients 

Calcium 

Pboe- 

phonu 

Nitro- 

gen 

Potaa- 

Bium 

Protein 

Fat 

Fiber 

N-free 

extract 

No. of 
trials 

Concentrates— Cont. 

(Grains and other seeds and 
their by-products; misceUor 
njeous concentrates.) 

Perct. 

Per ct 

Perot. 

Per ct. 

Per ct. 

Per ct. 

Perct, 

Per ct 


Peanut-oil-meal, o. p., 43-45% 
protein 



6.94 







Peanut-oil- meal, o. p., 36-43% 
protein 



6.45 







Peanut-oil-meal, solvent process. 
Peanut oil feed, partly hulled . . . 
Peanut skins 



8.24 

5.31 

2.54 







Peanuts, whole pressed 

Perilla oil meal 



5.66 

6.16 


90 

94 

92 

36 

9 

4 

Pigeon-grass seed 

Pineapple pulp, dried 





21 

0 

HI 

80 

Poppy seed oil meal 



5.76 




Potato hakes, dried 



1.14 

1.87 






Potato flour 

0.43 






Potato pomace, dried 



1.06 




24 


s 

Pumpkin seed, not dried 



2.82 





Raisins, cull 



0.54 







Raisin pulp, dried 



1.54 


24 

90 

i9 

s 

62 

76 


Rape seed oil meal 



5.57 


81 

79 

7 

Rice grain, or rough rice 



1.33 

m 

76 

76 

10 

91 

6 

Rice, brewers’ 

^3 


1.18 

Rice, brown 

1.42 

.. 






Rice, polished 



1.18 







Rice bran 



2.05 


69 

s 

26 

74 

12 

Rice bran, low grade 

Rice polish 

H 


1.60 

2.03 

1.18 

73 

71 

86 

92 

33 

93 

g 

Rubber seed oil meal 

4.61 

21 

58 

4 

Rye grain 



1.97 

O.U 

84 

64 ! 

92 

2 

Rye teed 

m 


2.56 

0.83 

80 



88 

3 

Rye flour 

H 

1.33 

0.46 


Rye flour middlings 

2.70 






Rye middlings 



2.64 







Rye middlings and screenings. . . 
Schrock sorghum grain 

• • 

2.66 

1.63 






Sesame oil meal 


1.61 

6.34 


91 

82 

48 

62 

’7 

Se-^bania tnacrocarpa 

5.07 


Shall u grain 



2.14 







Shrimp meal 



6.74 





. . 1 


Skimmilk, centrifugal 



0.59 


95 

98 


98 

*3 

Skimmilk, gravity 

0.59 



Skimmilk, dried 

1.24 


5.57 

1.46 






Skimmilk, sour, dried 

Sorghum grain, sweet 


6.41 

1.57 

o!37 

67 

56 


87 

*2 

So5m<*s.ns 

rm 


6.90 

1.91 

89 

88 

37 

67 

35 

Soybean oii meal, hydraulic or 

expeUer process, all anal 

Soybean oil meal, hyd. or exp. 

proc., 48% protein or over. . . . 
Soybean oil meal, hyd. or exp. 

proc., 43-48% protein 

Soybean oil meal, hyd. or exp. 
proc.. below 43% protein 

0.28 

0.66 

7.09 

7.98 

7.07 

6.54 

2.20 

85 

86 

68 

98 

i 

1 

29 
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FEEDS AND FEEDING 

Table I. Average composition and digestible nutrients — continued. 


Feeding stuff 

Total 

dry 

matter 

Dig. 

protein 

Total 

dig. 

nutri- 

ents 

Nutri- 


Average total composition 


tive 

ratio 

Protein 

Fat 

Fiber 

N-free 

extract 

Mineral 

matter 

No. of 
anal. 

Goncentrates^Cont. 

{Qraina and other seeds and 
their by-products: miscella- 
neous concentrates.) 

Soybean oil meal, solvent process* 

Per ct. 

91.6 

Per ct. 

39.4 

Per ct. 

77.6 

1: 

1.0 

Per ct. 

46.4 

Per ct. 

1.6 

Per ct. 

5.9 

Per ct. 

31.7 

Per ct. 

6.0 


Soybean oil meal and minerals 
(Supersoy)* 

91.9 

33.0 

80.2 

1.4 

38.8 

7.0 

5.2 

30.8 

10.1 

4 

Sunflower seed* 

93.4 

14.6 

87.8 

5.0 

15.9 

25.1 

28.1 

21.2 

3.1 

11 

Sunflower seed, without hulls*.. . 

96.6 

26.6 

122.6 

3.8 

27.7 

41.4 

6.3 

16.3 

3.8 

6 

Sunflower seed oil cake, from 
hulled seed 

90.0 

32.0 

87.4 

1.7 

34.8 

18.3 

10.9 

21.8 

4.2 

1 

Tankage, or meat meal (digester 
process), 60% protein grade*.. 

92.2 

66.4 

78.0 

0.4 

61.3 

8.8 

1.4 

1.5 

19.2 

830 

Tankage, or meat meal (digester 
process), 55% protein grade*.. 

92.7 

61.6 

74.2 

0.4 

56.0 

10.1 

2.0 

2.6 

22.0 

107 

Tankage with bone, or meat and 
bone meal (digester process), 
50% protein grade* 

92.2 

46.3 

71.6 

0.5 

50.3 

11.3 

2.0 

2.7 

25.9 

75 

Tankage with bone, or meat and 
bone meal (digester process), 
45% protein grade* 

94.0 

42.8 

66.3 

0.5 

46.5 

10.6 

2.0 

2.2 

32.7 

48 

Tankage with bone, or meat and 
bone meal or scraps, below 
43% protein* 

94.3 

36.8 

76.2 

1.1 

38.9 

17.1 

2.9 

6.5 

28.9 

65 

Tomato pomace, dried* 

94.3 

10.4 

65.3 

4.3 

22.6 

14.8 

32.1 

21.6 

3.2 

5 

Vegetable ivory meal 

89.4 

0.8 

79.0 

97.8 

4.7 

0.9 

7.2 

75.5 

1.1 

4 

Velvet beans and pods (velvet 
bean feed) 

90.0 

13.4 

73.8 

4.5 

18.1 

4.4 

13.0 

50.3 

4.2 

73 

Velvet bean, seed only* 

90.0 

17.3 

76.7 

3.4 

23.4 

5.7 

6.4 

51.5 

3.0 

10 

Velvet bean pods* 

89.0 

1.1 

42.4 

37.5 

5.1 

0.8 

27.2 

50.2 

5.7 

4 

Vinegar grains 

93.1 

11.9 

60.8 

4.1 

18.6 

6.3 

18.8 

46.9 

2.5 

4 

Wheat, recent analyses 

89.8 

11.3 

83.6 

6.4 

13.1 

1.7 

3.0 

70.0 

2.0 

26 

Wheat, Minn., N. D., S. D., 
Nebr., Kan 

89.6 

11.6 

84.0 

6.2 

13.5 

2.1 

2.4 

69.8 

1.8 

190 

Wheat, Rocky Mountain states.. 

91.6 

11.4 

86.7 

6.5 

13.3 

2.2 

, 2.1 

71.9 

2.0 

193 

Wheat, Pacific Coast states 

89.1 

8.6 

83.6 

8.8 

9.9 

2.0 

2.7 

72.6 

1.9 

57 

Wheat, 'shrunken* 

91.4 

10.2 

82.9 

7.1 

11.9 

2.6 

4.6 

70.2 

2.1 

9 

Wheat chops, Texas 

90.9 

13.4 

84.8 

5.3 

15.6 

1.9 

2.5 

69.0 

1.9 

40 

Wheat bran, all analyses 

90.6 

13.1 

70.2 

4.4 

15.8 

5.0 

9.5 

54.3 

6.0 

3,990 

Wheat bran, chiefly hard spring 
wheat 

90.9 

13.2 

70.9 

4.4 

15.9 

5.5 

9.6 

53.9 

6.0 

1,344 

Wheat bran, winter 

90.9 

13.0 

69.6 

4.3 

15.7 

4.2 

9.1 

55.1 

6.4 

103 

Wheat bran and screenings, all 
analyses 

90.8 

13.2 

69.6 

4.3 

16.1 

4.9 

9.6 

54.2 

6.0 

1,750 

Wheat bran and screenings, chief- 
ly hard spring wheat* 

91.2 

12.7 

70.7 

4.6 

15.6 

5,6 

9.8 

54.5 

5.7 

771 

Wheat brown shorts 

90.1 

16.1 

76.3 

4.1 

17.8 

4.7 

6.2 

57.0 

4.4 

178 

Wheat brown shorts and screen- 
ings* V 

90.3 

14.6 

73.9 

4.1 

17.7 

4.7 

6.8 

56.5 

4.7 

52 

Wheat flour, graham* 

88.2 

12.7 

86.0 

5.8 

13.8 

2.1 

1.9 

68.9 

1.5 

12 

Wheat flour, low grade 

88.8 

13.9 

87.6 

5.3 

15.1 

2.5 

0.8 

69.1 

1.3 

72 

Wheat flour, white* 

87.6 

10.6 

86.6 

7.2 

11.5 

1.6 

0.4 

73.4 

0.6 

16 

Wheat flour middlings 

89.6 

16.0 

79.6 

4.3 

17.0 

4.9 

4.4 

59.9 

3.4 

863 

Wheat flour middlings and screen- 
ings* 

89.6 

14.4 

76.7 

4.3 

17.1 

.5.0 

5.3 

58.4 

3.7 

528 






APPENDIX 


991 


Table I. Average composition and digestible nutrients — continued. 



Mineral and fertilixing constituents 


Digestion coefficients 



Calcium 

Phos- 

phorus 

Nitro- 

gen 

Potas- 

sium 

Protein 

Fat 

Fiber 

N-free 

extract 

No. ci 
trials 

Concentrates— Gont. 

Per ct. 

Per ct. 

Per ct. 

Per ct. 

Per ct. 

Per ct. 

Per ct. 

Per ct. 


(Grains and other seeds and 
their hy-products; misceUa-’ 
neotis concentrates.) 

Soybean oil meal, solvent process 



7.57 







Soybean oil meal and minerals 
(Supersoy) 



6.21 







Sunflower seed 


0.55 

2.54 

0.66 






Sunflower seed, without hulls 



4.43 






. . 

Sunflower seed oil cake, from 
hulled seed 

0.43 

1.04 

5.57 

1.08 

92 

90 

26 

71 


Tankage, or meat meal (digester 
process), 60% protein grade.. . 

6.21 

3.42 

9.81 

0.55 






Tankage, or meat meal (digester 
process, 65% protein grade. . . 

7.21 

3.85 

8.96 






. , 

Tankage with bone, or meat and 
bone meal (digester process), 
50% protein grade 



8.05 







Tankage with bone, or meat and 
bone meal (digester process), 
45% protein grade 



7.44 







Tankage with bone, or meat and 
bone meal or scraps, below 
43% protein 

13.49 

5.18 

6.22 







Tomato pomace, dried 

. . 


3.62 


. . 





Vegetable ivory meal 



0.75 


18 

49 

86 

94 

8 

Velvet beans and pods (velvet 
bean feed) 

0.24 

0.38 

2.90 

1.20 

74 

80 

67 

87 

24 

Velvet bean, seed only 



3.74 



. , 




Velvet bean pods 



0.82 



. . 

. . 



Vinegar grains 



2.98 


64 

83 

58 

56 


Wheat, recent analyses 

0.03 

0.43 

2.10 

0.44 

86 

83 

90 

95 

6 

Wheat, Minn., N. D., S. D., 
Nebr., Kan 

• • 


2.16 







Wheat, Rocky Mountain states. . 



2.13 






. . 

Wheat, Pacific Coast states 



1.58 







Wheat, shrunken 



1.90 







Wheat chops, Texas 



2.60 


. . 

. . 

. . 

79 


Wheat bran, all analyses 

o!i2 

1.32 

2.63 

L24 

83 

81 

63 

5 

Wheat bran, chiefly hard spring 
wheat 

0.13 

1.35 

2.54 







Wheat bran, winter 

, , 


2.51 






, . 

Wheat bran and screenings, all 
analyses 

0.14 

1.21 

2.68 







Wheat bran and screenings, chief- 
ly hard spring wheat 



2.60 




. . 


6 

Wheat brown shorts 



2.85 


85 

86 

60 

85 

Wheat brown shorts and screen- 
ings 


o!36 

2.83 

0.46 



.. 



Wheat flour, graham 

o!64 

2.21 

. , 

87 

60 

99 


Wheat flour, low grade 

0.07 

0.52 

2.42 

0.60 

92 

*2 

Wheat flour, white. . . i 

0.03 

0.13 

1.84 

0.12 

. . 

86 

54 



Wheat flour middlings 

0.09 

0.72 

2.72 

0.89 

88 

4 

Wheat flour middlings and screen- 
ings 

0.14 

0.68 

2.74 
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Table I. Average composition and digestible nutrients — continued. 



Total 

Dig. 

Total 

Nutri- 


Average total composition 


Feeding stuff 

dry 

matter 

protein 

nutn- 

ents 

tive 

ratio 

Protein 

Fat 

Fiber 

N-free 

extract 

Mineral 

matter 

No. of 
. anal. 

Concentrates— Cont. 

{Grains and other seeds and 
their hy-prodyfits; rniscetla- 
neons coneentT^teh.) , 

Per ct. 

Per ot. 

Per ct. 

1 : 

Per ct. 

Per ct. 

Per ct. 

Per ct. 

Per ct. 


Wheat germ meal* 

91.1 

26.2 

92.9 

2.5 

28.5 

10.7 

2.5 

44.9 

' 4.5 

26 

Wheat gray shorts 

90.1 

16.0 

78.9 

4.3 

17.9 

4.5 

6.6 

57.8 

4.1 

1,169 

Wheat gray shorts and screenings* 

90.1 

14.6 

77.6 

4.3 

17.7 

4.5 

6.9 

67.7 

4.3 

827 

Wheat mixed feed* 

90.6 

13.9 

73.6 

4.3 

16.8 

4.9 

7.2 

56.9 

4.8 

1,595 

Wheat mixed feed and screenings* 

90.1 

13.4 

71.1 

4.3 

16.6 

4.7 

7.9 

55.9 

5.0 

204 

Wheat red dog* 

89.2 

16.2 

86.9 

4.7 

16.9 

4.0 

2.4 

63.3 

2.6 

857 

Wheat screenings 

Wheat standard middlings, all 

90.4 

9.7 

64.0 

6.6 

13.9 

4.7 

9.0 

58.2 

4.6 

140 

analyses. . . 

Wheat standard middlings, chief- 

90.0 

14.4 

78.4 

4.4 

17.4 

5.5 

6.8 

56.1 

4.2 

959 

ly hard spring wheat 

Wheat standard middlings, and 

89.8 

14.6 

78.7 

4.4 

17.6 

5.6 

6.2 

, 56.4 

4.0 

362 

screenings* 

Wheat standard middlings and 
screenings, chiefly hard spring 

90.0 

13.7 

76.6 

4.5 

17.1 

5.6 

7.4 

55.4 

4.5 

668 

wheat* 

90.1 

13.7 

76.9 

4.5 

17.0 

5.7 

7.3 

55.7 

4.4 

531 

Wheat white shorts 

89.7 

14.6 

86.4 

5.0 

16.1 

3.1 

2.9 

65.1 

2.5 

202 

Whey, from American cheese* . . . 

6.6 

0.9 

6.4 

6.1 

0.9 

0.3 


5.0 

0.7 

* • t 

Whey, skimmed* 

6.6 

0.9 

6.8 

6.4 

0.9 

0.03 


5.0 

0.7 


Whey, dried (milk-sugar feed)*. , 

96.0 

11.9 

84.1 

6.1 

12.5 

0.7 


72.1 

9.7 

12 

Yeast, dried* 

92.0 

36.6 

74.6 

1.1 

45.0 

3.0 

i.b 

36.0 

7.0 


Yeast, with added cereal* 

89.6 

9.7 

81.4 

7.4 

12.3 

4.0 

2.7 

68.4 

2.1 

8 

Yeast grains, dried* 

93.7 

13.3 

61.1 

3.6 

20.8 

6.3 

16.1 

47.7 

2.8 : 

9 
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Table I. Average composition and digestible nutrients — continued. 


Feeding stuff 

Mineral and fertilizing constituents | 


Digestion coefficients 


Calcium 

Phos- 

phorus 

Nitro- 

gen 

Potas- 

sium 

Protein 

Fat 

Fiber 

N-free 

extract 

No. of 
trials 

Concentrates— Cont. 

(Grains and other seeds and 
their by-products; miscella- 
neous concentrates.) 

Per ct. 

Per ct. 

Per ct. 

Per ct. 

Per ct. 

Per ct. 

Per ct. 

Per ct. 


Wheat germ meal 

0.07 

1.05 

4.56 

0.30 






Wheat gray shorts 


, , 

2.86 


84 

93 

54 

89 

6 

Wheat gray shorts and screenings 



2.83 







Wheat mixed feed 

o.ii 

1.09 

2.69 







Wheat mixed feed and screenings 

0.11 

0.96 

2.66 







Wheat red dog 

0.07 

0.52 

2.70 

0.60 






Wheat screenings 

Wheat standard middlings, all 

0.44 

0.39 

2.22 


70 

80 

\i 

76 

6 

analyses 

Wheat standard middlings, chief- 

0.08 

0.94 

2.78 

1.04 

83 

85 

60 

88 

7 

ly hard spring wheat 

Wheat standard middlings, and 

0.08 

0.82 

2.82 




i • • 



screenings 

Wheat standard middlings and 
screenings, chiefly hard spring 

0.15 

0.88 

2.74 


i 





wheat 

0.15 

0.88 

2.72 



' * 




Wheat white shorts 



2.58 


90 

89 

42 

99 

4 

Whey, from American cheese.. . . 

0.05 

o;64 

0.14 

o’.is 






Whey, skimmed 

0.05 

0.04 

0.14 

0.18 






Whey, dried (milk-sugar feed).. . 

1.18 

0.66 

2.00 







Yeast, dried 

1.48 

1.28 

7.20 







Yeast, with added cereal 

0.06 

0.40 

1.97 







Yeast grains, dried 



3.33 
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Table II, Estimated Net Energy Values op FiaEDiNQ Stuffs 

It has been emphasized in Chapter III that net energy values, in spite of their 
limitations, are more accurate than total digestible nutrients as a basis for comparing 
the value of a roughage with that of a concentrate for productive purposes. (84-94) 
This is also true when it is desired to compare a high-grade concentrate, containing 
but little fiber, with a low-grade concentrate relatively high in fiber. Also, some per- 
sons prefer to use net energy values instead of total digestible nutrients in computing 
rations for livestock. 

The following table of net energy values of the most important feeding stuffs 
has therefore been prepared by the author. These figures are presented as estimated 
net energy values which are based upon a study of all the available data that provide 
information concerning the relative values of these feeds for productive purposes. It 
should be distinctly understood that these data are not considered final values, but 
that they are merely estimated values, subject to revision and change, as additional data 
may become available. It is hoped that they will prove helpful in comparing the 
values of different feeds for productive purposes. 

It will be noted that the first two columns of figures give the percentage of dry 
matter and* the percentage of digestible protein in each feed. These values are the 
same as those given in Appendix Table I, and they are repeated here for ease in com- 
puting rations according to the net energy method, by the use of the feeding standards 
presented in Appendix Table III. The figures for digestible protein are the values for 
digestible crude protein, and not values for digestible true protein, (18) 

These data indicate the relative net energy values of the various feeding stuffs 
when each feed is used in a complete, well-balanced ration, which provides adequate 
supplies of proteins, minerals, and vitamins. If any feed is improperly used or if it 
forms part of a ration that has nutritive deficiencies, its value may be much less than 
shown in this table. Also, when a protein-rich feed is fed in great excess of the 
amount necessary to balance the ration, it may have a considerably lower net energy 
value than here estimated. 

Attention should be called to the fact that these estimated net energy values 
indicate merely the worth of the various feeds as sources of energy, and do not take 
ifato consideration the values of the feeds as sources of protein, minerals, and vitamins. 
Thus, the high-grade protein-rich concentrates have no higher net energy values than 
such feeds as corn and wheat, which are relatively low in protein. 

It should also be borne in mind that net energy values do not indicate the relative 
efficiency of different feeds for maintaining farm animals. (88) In comparing the 
values of feeds for maintenance, the total digestible nutrient values given in Appendix 
Table I should be used. 

These net energy values are primarily for cattle and sheep, but may also be 
employed in computing rations for horses and swine, when used with the net energy 
recommendations given in the last column of the Morrison feeding standards. (Appen- 
dix Table III.) The values are based chiefly upon the experiments with fattening 
cattle and sheep, for most of the net energy investigations have been with these 
classes of stock. 

As has been shown in Chapter III, the various feeding stuffs have materially 
higher net energy values for milk production than for the fattening of animals. (90) 
However, the relative net energy values of most feeds for milk production and for 
fattening are probably not far different. Where it is believed that the relative net 
energy value of a particular feed for dairy cows differs materially from its value for 
fattening cattle or sheep, the estimated net energy value of the feed for dairy cows is 
shown separately. It seems probable that the relative net energy value, or productive 
value, of good-quality hay for dairy cows is somewhat higher in relation to the values 
of concentrates, than in the case of fattening cattle and sheep. However, there is not 
^ sufficient definite information on this question to warrant separate figures for the 
net energy value of such hay for dairy cows. 
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In the case of dry roughages those values are based upon the results secured 
when the roughages are fed in mangers or racks so as to prevent undue waste. The 
estimated value for bach roughage takes into consideration the amount of the feed 
that is usually refused when it is thus fed. For such coarse roughage as dry com 
fodder, dry corn stover, sorghum fodder, or sorghum stover, the estimates are for 
roughage that has been chopped or shredded to reduce the wastage. Likewise, the 
values for the various grains are based upon the grain being ground or crushed when 
such preparation is necessary to prevent poor utilization. 

It has been shown previously that the net energy values have been actually deter- 
mined for only a very few feeds by investigations with a respiration apparatus or a 
respiration calorimeter. Also, probably because of the complex nature of such investi- 
gations, there have been rather wide differences in the net energy values thus directly 
determined for these few feeds. In arriving at the net energy values given in this 
tabic, it has therefore been necessary to utilize all possible data bearing on the values 
of the various feeds for productive purposes. 

Where the relative values of different feeds have been definitely determined by 
means of a sufficient number of suitable feeding experiments, the net energy values 
have been based primarily on these experiments. For other feeds the values have been 
computed from the content of total digestible nutrients given in Appendix Table I, 
by the use of factors based on the chemical composition of the particular feeding stuff 
and on all available information concerning its feeding value. 

In the computation and estimation of these values, the ‘‘production coefficients^' 
of Fraps have been utilized in certain instances. (94) Likewise, due attention has 
been given to the table of net energy values presented by Armsby in his book, “The 
Nutrition of Farm Animals.'’ These net energy values were computed by him, with 
the permission of the author of this volume, from the tables of digestible nutrients 
for American feeding stuffs which were first published in 1915 in^the fifteenth edition 
of Feeds and Feeding. These digestible nutrient values have now been superseded by 
the new values given in Appendix Table I of this edition of Feeds and Feeding. The 
starch values of Kellner and the Scandinavian feed unit values have also been con- 
sidered in arriving at the net energy values of certain feeding stuffs. (96, 96) 


Table II, Estimated net energy values of feeding stuffs 



Dry 

matter 

Digest- 
■ ible 
protein 

Net 
energy 
per 100 
lbs. 

Dry Roughages 

Alfalfa hay, all analyses 

Per ct. 

90.4 

Per ct. 

10.6 

Therms 

41.5 

Alfalfa hay, very leafy (less than 25^ fiber) 

90.0 

12.4 

44.3 

Alfalfa hay, leafy (25-28% fiber) 

90.4 

12.0 

42.2 

Alfalfa hay, goo^ (28-31% fiber) 

90.4 

10.3 

41.5 

Alfalfa hay, Tair (31-34% fiber) 

90.4 

9.6 

39.8 

Alfalfa hay, stemmy (over 34% fiber) 

90.4 

8.2 

35.6 

Alfalfa meal, good 

91.9 

10.8 

45.8 

Alfalfa meal, stemmy 

92.3 

8.8 

38.9 

Barley hay 

91.9 

4.9 

40.6 

Barley straw 

90.0 

0.9 

23.6 

Bean straw, field 

89.1 

3.0 

20.7 

Bermuda hay 

90.7 

3.7 

32.3 

Brome grass hay 

88.1 

5.0 

36.7 

Oarpet grass hay 

92.1 

3.1 

37.5 

Clover hay, alsike 

89.0 

7.7 

41.6 

Clover hay^ crimson 

89.4 

9.7 

39.0 

Clover hay, red, all analyses 

88.2 

7.0 

42.8 
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Table II. Estimated net energy values of feeding stuffs — continued 



Dry 

matter 

Digest- 

ible 

protein 

Net 
energy 
per 100 
lbs. 

Dry Roughages — Gont. 

Clover hay, red, leafy (less than 25^ fiber) 

Per ct. 

88.2 

Per ct. 

8.6 

Tbenns 

45.0 

Clover hay, red, good quality (25 to 31% fiber) 

Clover hay, red, stemmy (over 31% fiber) 

88.8 

88.2 

6.8 

6.0 

44.5 

39.2 

Clover hay, sweet (first year) 

93.3 

14.6 

42.8 

(Zlover hay, sweet (second year) 

92.0 

10.5 

34.9 

Clover and mixed grass hay, high in clover 

89.7 

5.2 

41.4 

Clover and mixed grass hay, second crop 

89.0 

7.9 

44.2 

Glover and timothy hay, all analyses 

88.0 

4.4 

38.4 

Clover and timothy hay, 30 to 50% clover 

91.9 

4.8 

41.6 

Corn fodder, very dry 

91.9 

4.1 

38.6 

Corn fodder, medium in water 

82.5 

3.5 

35.5 

Corn fodder, high in water 

60.7 

2.5 

26.1 

Corn stover„(ears removed), very dry 

90.6 

2.2 

27.0 

Corn stover, medium in water 

81.0 

2.1 

23.9 

Corn stover, high in water 

59.0 

1.4 

17.5 

Cottonseed hulls 

90.6 

0.1 

30.6 

Cowpea hay 

90.4 

12.6 

40.8 

Grass hay, mixed, eastern states, good quality 

89.0 

3.5 

36.2 

Grass hay, mixed, second cutting 

89.0 

8.0 

40.0 

Johnson grass hay 

90.1 

2.9 

37.7 

Kafir fodder, dry, including grain 

91.1 

4.6 

35.2 

Kafir fodder, high in water 

71.7 

3.4 

29.7 

Kafir stover, mediugi in. water 

83.7 

1.7 

25.4 

Kafir stover, high in water 

72.7 

1.3 

22.0 

Lespedeza hay, annual 

89.1 

9.2 

43.1 

Marsh or swamp hay, fair quality 

90.2 

2.9 

24.4 

Millet hay, common, or Hungarian 

90.0 

5.2 

36.1 

Millet hay, Japanese 

86.5 

5.1 

30.7 

Milo fodder, dry, including grain 

88.9 

4.3 

34.5 

Milo stover, dry 

91.0 

1.1 

24.4 

Native hay, western mt. states, good quality 

90.0 

4.9 

39.0 

Native hay, western mt. states, mature and weathered 

90.0 

1.6 

23.8 

Oat hay 

88.0 

4.5 

34.7 

Oat hulls 

93.5 

0.8 

20.2 

Oat straw 

89.6 

0.9 

23.3 

Orchard grass hay, early-cut 

88.6 

4.6 

35.2 

Pasture grasses and clovers, mixed, from closely-grazed, fertile pas- 
ture, dried 

90.0 

13.1 

53.4 

Pea hay, field 

89.2 

11.6 

42.7 

Peas and oats hay 

89.0 

8.9 

39.2 

Peanut hay, without nuts or with few nuts 

91.4 

6.3 

40.5 

Peanut hulls 

92.3 

3.2 

-9.0 

36.9 

Prairie hay, western, good quality 

90.4 

2.6 

Prairie hay, western, mature or weathered 

90.4 

0.6 

28.3 

Red top hay 

91.0 

4.5 

34.8 

Rye straw 

92.9 

0.7 

11.5 

Sorghum fodder, sweet, dry 

89.2 

3.6 

34.3 

Sorghum fodder, sweet, high in water 

65.2 

2.5 

25.9 

So)d)ean hay, all analyses 

90.8 

11.1 

38.5 

Soybean hay, seed well developed 

90.8 

11.9 

40.3 

Soybean straw 

88.0 

0.9 

14.6 

Sudan grass hay 

89.2 

4.3 

34.0 

Timothy hay, all analyses 

88.7 

2.9 

35.2 

40.2 

41.3 

Timothy hay, before bloom 

88.7 

5.6 

4.2 

Timothy hay, early bloom 

88.7 
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Dry 

matter 

Digest- 

ible 

protein 

Net 
energy 
per IOC 

Tbe. 

Dry Roughages-^ont. 

Timothy hay, full bloom 

Perct 

88.7 

Perct 

3.2 

4.8 

Therms 

38.4 

41.4 

Timothy hay, in bloom, nitrogen-fertilized 

88.7 

Timothy hay, late bloom to early seed 

88.7 

2.4 

31.1 

Timothy hay, late seed 

87.7 

2.1 

97.0 

Vetch and oats hay, mostly vetch 

90.0 

9.1 

■tvsi 

Wheat hay 

89.0 

3.2 

32.6 

Wheat straw 

90.1 

25.4 

0.8 

3.4 

10.0 

12.8 

Green Roughages, Roots, Etc. 

Alfalfa, green 

Barley fodder 

22.6 

2.3 

12.2 

Beet tops, sugar 

11.4 

1.9 

6.3 

Beets, common 

13.0 

1.2 

10.2 

Beets, sugar 

16.4 

1.2 

13.8 

Bluegrass, Kentucky, before heading 

24.8 

4.4 

15.4 

Bluegrass, Kentucky, headed out 

Brome grass, smooth 

Cabbage, entire 

36.4 

33.8 

9.4 

2.8 

2.9 

1.9 

16.8 

15.8 

8.1 

Carrots 

11.9 

0.8 

9.6 

Clover, alsike 

22.2 

2.4 

11.5 

Clover, red 

26.0 

2.6 

13.4 

Clover, sweet 

22.0 

3.0 

11.9 

Clover and mixed grasses 

27.3 

1.9 

14.9 

Corn fodder, dent, all analyses 

24.0 

1.2 

14.7 

Corn fodder, dent, in milk 

19.9 

0.9 

12.3 

Corn fodder, dent, dough to glazing, well-eared 

26.9 

1.2 

19.1 

Corn fodder, dent, kernels ripe, well-eared 

37.7 

1.7 

26.0 

Corn fodder, flint, all analyses 

22.3 

1.2 

13.7 

Cowpeas 

16.3 

2.3 

9.6 

Johnson grass 

29.1 

1.1 

14.0 

Kafir fodder 

23.6 

1.3 

14.0 

Lespedeza, annual 

36.6 

5.0 

18.2 

Mangels, roots 

9.4 

1.0 

7.3 

Millet, foxtail varieties 

29.9 

1.9 

15.3 

Millet, Japanese 

21.7 

1.0 

10.9 

Milo fodder . 

22.7 

1.0 

13,6 

Oat fodder 

25.4 

2.3 

13.1 

Orchard grass 

29.1 

1.7 

13.6 

Parsnips, roots 

16.6 

1.3 

14.3 

Peas, field, Canada 

16.6 1 

2.9 

9.5 

Peas and oats 

22.1 

2.4 

12.3 

Potatoes 

21.2 1 

1.1 

17.3 


16.4 ! 

2.6 

11.3 

1? pH too 

39.3 1 

1.9 

18.5 

l^utabac^as. roots 

11.1 

1.0 

9.3 

Uve fodder 

22.3 

2.3 

13.0 

Sorahiitn fodder, sweet 

24.9 

0.8 

14.7 


24.4 

3.2 

13.1 



25.7 

1.4 

15.0 


31.5 

0.8 

26.7 

T^imrithv nil nnnlvn^s 

31.3 

1.8 

15.4 

‘T'ifYirtfhv fMiRtiire atjio’e 

22.8 

3.7 

13.6 


9.6 

1.3 

8.5 


20.4 

2.7 

10.6 


26.0 

2.6 

42.2 
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Table 1 1. Estimated net energy values of feeding stuffs — continued 



Dry 

matter 

Digest- 

ible 

protein 

Net 
energy 
per 100 
lbs. 

Silages 

Per ct. 

Per ct. 

Thermfl 

Alfalfa, wilted before being ensiled 

54.0 

5.1 

25.2 

Alfalfa, high in water 

23.9 

1.9 

11.0 

Clover, red 

24.4 

2.0 

11.7 

Corn, dent, well-matured, all anal 

28.3 

1.3 

18.7 

Corn, dent, well-matured, all anal., for dairy cows 

28.3 

1.3 

14.3 

Corn, dent, well-matured, well-eared 

29.2 

1.5 

21.4 

Corn, dent, well-matured, well-eared, for dairy cows 

29.2 

1.5 

15.8 

Corn, dent, well-matured, fair in ears 

26.7 

1.1 

16.5 

Corn, dent, well- matured, fair in ears, for dairy cows 

26.7 

1.1 

13.3 

Corn, dent, well-matured, few ears 

26.6 

1.1 

14.7 

Corn, dent, well-matured, few ears, for dairy cows 

26.6 

1.1 

12.5 

Corn, dent, immature, before dough stage 

20.4 

1.0 

11.3 

Corn, dent, stover silage (ears removed) 

22.6 

0.8 

8.8 

Corn and soybeans^ mostly corn 

28.3 

1.5 

19.5 

Corn and soybeans, mostly corn, for dairy cows 

28.3 

1.5 

15.0 

Pea and oat 

30.0 

2.7 

16.7 

Pea and oat, for dairy cows 

30.0 

2.7 

13.6 

Sorghum, grain varieties 

31.3 

1.1 

16.0 

Sorghum, grain varieties, for dairy cows 

31.3 

1.1 

13.6 

Sorghum, sweet 

25.1 

0.8 

13.6 

Sunflower 

22.2 

1.1 

11.0 

Concentrates 

Barley, common, not including Pacific Coast states 

90.4 

9.3 

70.5 

Barley, common, for dairy cows 

90.4 

9.3 

79.2 

Beet pulp, dried 

92.0 

4.8 

70.5 

Beet pulp, wet 

11.6 

0.8 

9.2 

Blood meal, or dried blood 

91.2 

70.7 

74.6 

Brewers* grains, dried 

92.8 

20.7 

58.8 

Brewers* grains, dried, for dairy cows 

92.8 

20.7 

62.0 

Brewers* grains, wet 

23.9 

4.6 

14.9 

Brewers* grains, wet, for dairy cows 

23.9 

4.6 

15.8 

Buckwheat, common 

90.4 

8.9 

58.4 

Buckwheat feed, good grade 

89.1 

14.7 

50.2 

Buttermilk 

10.0 

3.3 

10.0 

Coconut oil meal, old process 

90.7 

18.7 

72.4 

Corn, dent, well dried 

88.5 

7.4 

82.3 

Corn, dent. Grade No. 1 

87.2 

7.3 

81.1 

Corn, dent. Grade No. 2 

85.2 

7.1 

79.2 

Corn, dent. Grade No. 3 

83.5 

7.0 

77.7 

Corn ears, including kernels and cobs (corn-and-cob meal) 

88.5 

6.0 

70.2 

Corn gluten feed 

90.5 

22.7 

69.4 

Corn gluten feed, for dairy cows 

90.5 

22.7 

76.1 

Corn gluten meal 

91.5 

36.5 

80.4 

Corn oil meal, old process 

91.8 

16.7 

70.5 

Corn-and-oat feed, good grade 

89.7 

8.4 

76.2 

Cottonseed, whole 

92.7 

17.0 

89.5 

Cottonseed, whole pressed, 28% protein or over 

94.7 

23.1 

56.8 

Cottonseed meal, 43% protein grade 

93.5 

35.0 

74.2 

Cottonseed meal, 41% protein grade 

92.8 

33.9 

72.3 

Cottonseed meal, 38.5-'41% protein 

92.8 

32.2 

71.6 

Cottonseed meal, 36-38.5%jprotein 

92.7 

29.3 

68.0 

Cottonseed feed, below 36 protein 

92.4 

26.6 

64.8 

Cowpeas 

88.6 

19.4 

76.2 

76.2 

Darso grain 

89.9 

7.7 

Distillers* corn grains, dried 

93.6 

22.3 

83.6 
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Concentrates — Cent. 

Distillers' rye grains, dried 

Emmer grain 

Feterita grain 

Fish meal 

Flax seed ; 

Hominy feed 

Kafir grain 

Kafir head chops 

Linseed meal, old process, all analyses 

Linseed meal, 33-37% protein 

Linseed meal, 31-33% protein 

Malt sprouts 

Meat scraps, 55% protein grade 

Meat scraps, 50% protein grade 

Milo grain 

Milo head chops 

Molasses, beet 

Molasses, cane 

Molasses, cane for dairy cows 

Oats, not including Pacific Coast states 

Oats for dairy cows 

Oats, light weight 

Oat mill feed, usual grade 

Oat mill feed, for dairy cows 

Palm kernel oil meal 

Palm kernel oil meal for dairy cows 

Pea seed, field 

Peanuts, with hulls 

Peanut oil meal, old process 

Peanut oil feed (unhulled) 

Rice grain, or rough rice 

Rice bran 

Rice polish 

Rye grain 

Rye feed 

Skimmilk, centrifugal 

Skimmilk, dried 

Soybeans 

Soybean oil meal, hydraulic or expeller process 

Tankage, or meat meal (digester process), 60% protein grade. . . . 
Tankage, or meat meal (digester process), 55% protein grade. . . 

Wheat, recent analyses 

Wheat for fattening lambs 

Wheat bran 

Wheat bran, for dairy cows 

Wheat bran and screenings 

Wheat bran and screenings, for dairy cows 

Wheat brown shorts 

Wheat flour middlings 

Wheat gray shorts 

Wheat mixed feed 

Wheat mixed feed, for dairy cows 

Wheat red dog 

Wheat screenings . . . ; 

Wheat standard middlings 


Dry 

matter 

Digest- 

ible 

protein 

Net 
energy 
per 100 
Ibe. 

Per ct. 

Per ct. 

Therms 

94.0 

10.1 

53.5 

91.2 

9.6 

67.8 

89.6 

10.1 

75.2 

92.3 

47.5 

66.5 

93.6 

21.4 

106.9 

90.9 

7.8 

83.8 

88.6 

9.1 

75.2 

89.1 

7.6 

68.6 

91.3 

30.6 

76.9 

91.3 

30.7 

77.1 

91.2 

27.9 

76.6 

92.2 

20.3 

60.0 

9.3.7 

50.6 

72.5 

93.8 

46.7 

70.0 

89.4 

8.7 

75.2 

90.3 

7.8 

69.4 

80.6 

2.5 

57.8 

74.1 

0.9 

55.6 

74.1 

0.9 

70.5 

91.1 

9.4 1 

64.9 

91.1 

9.4 i 

71.3 

91.3 

7.8 i 

54.5 

9.3.7 

4.0 

39.6 

93.7 

4.0 

44.7 

89.6 

12.8 

59.7 

89.6 

12.8 

66.7 

90.5 

20.2 

78.2 

94.1 

20.2 

93.2 

93.4 

38.0 

80.7 

93.5 

26.8 

58.5 

88.6 

6.3 

62.7 

91.1 

8.8 

60.0 

90.5 

9.3 

84.2 

90.0 

10.3 i 

72.1 

90.4 

12.8 

69.7 

9.6 

3.5 

9.5 

93.8 

33.1 

92.5 

90.2 

32.8 

84.7 

91.7 

37.7 

80.8 

92.2 

56.4 

76.7 

92.7 

51.5 

72.9 

89.8 

11.3 

84.7 

89.8 

11.3 

70.5 

90.6 

13.1 

59.7 

90.6 

13.1 

66.7 

90.8 

13.2 

59.1 

90.8 

13.2 

66.0 

90.1 

15.1 

68.7 

89.6 

15.0 

75.5 

90.1 

15.0 

75.0 

90.6 

13.9 

63.2 

90.6 

13.9 

70.0 

89.2 

15.2 i 

85.4 

90.4 

9.7 ’ 

52.8 

90.0 

14.4 1 

70.6 
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Dry 

mstter 

Digest- 

ive 

protein 

Net 
energy 
per 100 
lbs. 

Concentrates— Cent. 

Wheat standard middlings, for dairy cows 

Perct. 
90.0 1 

Perct. 

14.4 

Therms 

71.4 

Wheat standard middlings and screenings 

Kixil 

13.7 


Wheat white shorts 

89.7 

14.5 

84.9 

Whey, from American cheese 

6.6 




, Table III. Morrison Feeding Standards for Farm Animals 

The following feeding standards have been prepared by the author to serve as 
guides in the computation of balanced rations for the various classes of livestock. 
These recommendations are presented, not as final, arbitrary standards, but as 
approximate guides in practical stock feeding. 

It has Seen emphasized in the various chapters of this volume that feeding 
stuffs of the same name may differ appreciably from the average composition. Indi- 
vidual animals of the same kind also differ to some extent in ability to digest and 
utilize feed. To serve as safe guides in stock feeding, the recommendations made 
in feeding standards should therefore not be statements of the theoretical nutrient 
requirements, but should provide a margin of safety to cover such differences. 

Minimum and more liberal recommendations. — It will be noted that in all 
cases both minimum and more liberal recommendations are given for each class of 
stock. When protein-rich feeds are not unduly expensive in comparison with feeds 
low in protein, it is wise to supply enough digestible protein to bring the protein 
of the rations well up toward the higher figures in the standards. On the other 
hand, when protein-rich feeds are unusually expensive in comparison with farm grains 
or other feeds low in protein, it may be more economical to provide only enough 
digestible protein to meet the lower recommendations. (288) 

Unless concentrates are very high in price in comparison with roughages, it is 
generally advisable to include a sufficient amount of concentrates in rations to pro- 
vide as much total digestible nutrients (or net energy) as recommended in the higher 
figures of the standards. On the other hand, when grain and other concentrates are 
unusually high in price in comparison with roughage, it may be most economical 
to supply no more total digestible nutrients (or net energy) than .recommended in 
the lower figures. 

In general, when as much total digestible nutrients are furnished as recom- 
mended in the higher figures, there should be sufficient protein in the ration to 
approach the higher figures for digestible protein given in the standards. 

Net energy recommendations. — For the convenience of those desiring to com- 
pute rations according to the net energy method, the last column of figures in the 
standards shows the amounts of net energy, expressed in therms, which are advised 
for various classes of stock. In computing rations by the net energy method, the 
net energy values of feeding stuffs given in Appendix Table II should be used, 
instead of the total digestible nutrient values given in Appendix Table I. 

For the reason stated in Chapter III, total digestible nutrient values, instead of 
net energy values, should always be used in computing maintenance rations for win- 
tering farm animals in sections where the winter climate is cold. (88) For this 
reason the net energy recommendations for wintering various classes of stock are 
given in parentheses. 

Oomputiiig economical balanced rations. — ^Before attempting to work out eco- 
nomical balanced rations for any class of stock, it is important to study carefully 
the explanations and general hints given in Chapters IX and X. (262-264, 276-293) 
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It is impossible to compute satisfactory balanced rations if reliance is placed only 
on the mathematical recommendations of any feeding standard. As is explained in 
these chapters, several other factors are just as important in determining the effi- 
ciency of a ration as are the amounts of digestible protein and of total digestible 
nutrients (or net energy). Special attention must likewise be given to the qual- 
ity of protein in the ration and to the content of vitamins and minerals, as well 
as to the general suitability of the feeds to the particular class of stock. 

The special rules and hints on feeding the particular class of stock, which are 
given in the respective chapters of Part III, should be carefully consulted before 
proceeding to work out a balanced ration. For convenience the following refer- 
ences to important articles discussing balanced rations for the various farm animals 
are here given: 

Dairy cows, 794-820, 905-913 
Dairy calves, 945-952 
Dairy heifers, 977-982 

Growing beef cattle, 990-991, 997-1001, 1116-1120 

Fattening cattle, 990-1006, 1123-1136, 1144 

Beef breeding cows, 1104-1109 

Work horses and mules, 696-706, 763-765 

Brood mares, 769 

Growing colts, 774-779 

Fattening lambs, 1160-1170, 1261-1266 

Breeding ewes, 1235-1240 

Growing and fattening pigs, 1279-1301 

Brood sows, 1406-1417 

Guides to proportions and amounts of concentrates and roughages. — In com- 
puting rations one should have in mind the approximate amounts of roughage and 
of concentrates required per 100 lbs. live weight by the various classes of animals. 
As has been shown in the experiments reviewed in Part III, the proportion of con- 
centrates to roughages depends first of all on how much it is desired to force the 
animal: For example, when it is desired to fatten animals rapidly the allowance of 
concentrates must be considerably larger than when they are fattened more slowly 
and over a longer period. In a similar manner, the horse at hard work should be 
given more grain and less roughage than the horse working but little. 

In general, the following ' will be helpful as guides in computing rations: 
Dairy com In milk will eat about 2 lbs. of good-quality dry roughage daily 
per 100 lbs. live weight. Silage may be substituted for dry roughage at the rate 
of 3 lbs. of silage for 1 lb. of dry roughage. A common rule is to feed 1 lb. of 
hay and 3 lbs. of silage daily per 100 lbs. live weight. Sufficient concentrates should 
be fed in addition to bring the nutrients up to the standard. 

If the roughage is of especially good quality dairy cows will eat as much as 
2.5 lbs. of hay equivalent daily per 100 lbs. live weight, and they then need cor- 
respondingly less concentrates. Oh the other hand, if the roughage is of poor qual- 
ity, they may eat no more than 1.5 lbs. of hay equivalent daily per 100 lbs. live 
weight. Their concentrate allowance must then be increased over the amount needed 
with good roughage. 

The amounts of concentrates required daily by cows producing different amounts 
of milk of the various fat percentages are shown in the grain feeding tables given 
in Appendix Table IX. 

Fattening cattle should receive 2.1 lbs. or more of concentrates and dry rough - 
age (or equivalent in silage) daily per 100 lbs. live weight, the allowance of con- 
centrates ranging from less than 1 lb. to 1.7 lbs. or more daily per 100 lbs. live 
weight, depending on the rate of gain desired and the character of the roughage. 

Beef breeding cowe may be wintered satisfactorily on roughage of reasonably 
good quality, without any concentrates. If the roughage is of very poor quality, 
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1 lb. per head daily of protein supplement should be fed, and a small amount of 
grain may be needed in addition. 

Beef calves aad yearlings can be wintered satisfactorily on roughage alone, 
if it is of good quality. A small amount of protein supplement should be fed when 
needed to balance the ration. 

Work horses and mules should be fed approximately the following amounts 
daily per 100 lbs. live weight of concentrates (including grain and other concen- 
trates) and of hay: 

At hard worlc, 1.00 to 1.40 lbs. of concentrates and about 1.00 lb. of hay. 

At medium work, 0.75 to 1.00 lb. of concentrates and about 1.00 to 1.25 lbs. of 
hay. 

At Ught work, 0.40 to 0.75 lb. of concentrates and 1.25 to 1.50 lbs. of hay. 

Idle, chiefly or entirely on roughage, unless it is of poor quality, when some 
grain must be used. 

Fattening lambs averaging 70 to 75 lbs. in weight will consume about 1.4 lbs. 
per head daily of hay or other dry roughage when fed all the grain they will eat. 
They will eat 2.3 lbs. or more of hay per head daily when the grain allowance is 
restricted. The amounts of feed eaten by smaller or larger lambs will be roughly 
proportional to their live weights. 

Breeding ewes may be wintered satisfactorily on good roughage alone up to 
4 to 6 weeks before lambing, if they are in good condition in the fall. During the 
4 to 6 weeks before lambing, 0.5 lb. or slightly more of a suitable concentrate mix- 
ture should be fed per head daily. Ewes, not on pasture, that are nursing lambs 
need 1.0 lb. or more per head daily of concentrates in addition to good roughage. 

Swine can make but very limited use of dry roughage, except in the case of 
brood sows not nursing litters. However, it is very important under most condi- 
tions that swine not on pasture be supplied with well-cured legume hay as insur- 
ance against any lack of vitamin A or vitamin D. (1297-1298) 

Sources of recommendations In standards. — These standards are based chiefly 
upon extensive studies, made by and under the supervision of the author, of the 
results of feeding experiments and other investigations that supply information 
concerning the nutrient requirements of the various classes of stock. 

The standards for dairy cows are based upon the extensive investigations dis- 
cussed in some detail in Chapter XXIV. (794-809) The author wishes to acknowl- 
edge especially the aid of Dr, G. W. Salisbury in the preparation of these stand- 
ards. The experiments upon which the recommendations for dairy calves and 
heifers are chiefly based are summarized in Chapter XXVII. (945-948) 

The standards for beef cattle are based upon studies of the results of feeding 
experiments conducted at the American experiment stations, including recent experi- 
ments with fattening cattle conducted at the New York (Cornell) Station by Pro- 
fessor E. B. Hinman and the author. In the compilation and analysis of the data 
upon which these standards are based much assistance has been rendered by Mr. 

H. M. Briggs, Mr. J. I. Miller, and Dr. W. C. Stiles. 

The standards for sheep and lambs are based upon studies of the results of 
feeding experiments at various experiment stations and especially upon data secured 
in recent trials with fattening lambs and breeding ewes conducted at the New 
York (Cornell) Station by Professor J. P. Willman and the author. 

The standards for swine are similarly based on the results of feeding experi- 
ments at various stations, especially on investigations by the author, Professor 
J. M. Fargo, and Professor G. Bohstedt at the Wisconsin Station and experiments 
by the author and Professor J. P. Willman at the New York (Cornell) Station. 

Standards for dairy cows. — The amount of dry matter to be fed daily per 

I, 000 lbs. live weight to dairy cows may range from 15.0 lbs. or even less for dry 
cows to 30.0 lbs. for cows yielding 2.0 lbs. of butter fat per head daily. Cows pro- 
ducing 1.0 lb. of fat per head daily should receive about 21.0 to 25.0 lbs. of dry 
matter daily per 1,000 lbs. live weight. 
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The amounts of nutrients required for a cow producing a given amount of milk 
■which contains a certain percentage of fat are found as follows: Add together the 
maintenance requirements for a cow of the particular live weight, (shown in Division 
lA of the standards), and the requirements for producing the given amount of milk 
(computed from Division IB). 

As an illustration, let us find the amount of protein advised in the column headed 
“Eecommended' for good cows under usual conditions for a 1,200 lb. cow producing 
30 lbs. of 3.5 per cent milk daily.” For the maintenance of a cow of this live weight, 
“the standard recommends 0.762 lb. digestible protein. For producing each pound of 
3.5 per cent milk, the allowance recommended is 0.046 lb. digestible protein. There- 
fore 30 times this amount, or 1.380 lbs. digestible protein, will be required for the 
production of 30 lbs. of milk. Adding together the maintenance requirement (0.762 
lb.) and the production requirement (1.380 lb.), we have a total of 2.142 lbs. diges- 
tible protein, which is the amount advised for such a cow under usual conditions. 

The nutritive ratio may readily be found by computation, after adding together 
the requirements for maintenance and for the production of the amount of milk 
yielded. For example, a 1,200-lb. cow yielding daily 30.0 lbs. of 3.5 per cent milk 
will require, if fed according to the recommendations “for good cows under usual 
conditions,” 2.14 lbs. digestible protein and 18.29 lbs. total digestible nutrients. The 
nutritive ratio should hence be not wider than 1:7.5. 

Standards for growing dairy cattle. — The standards for growing dairy cattle 
provide enough nutrients for normal growth. Young cattle consuming suitable 
rations that contain the amounts of nutrients shown in the standards should reach 
good size for their breed. 

Standards for beef cattle. — The standards for growing beef cattle are intended 
for young cattle that are being grown rapidly throughout the entire period, and not 
for cattle that are “roughed through the winter,” as is the common practice in most 
sections of the range area. Eecommendations for wintering beef calves and year- 
lings according to this method are given later in the standards. The recommenda- 
tions for fattening cattle are for animals that are to be fattened rapidly on a 
liberal amount of grain or other concentrates. Cattle fed a limited amount of 
concentrates will consume less total digestible nutrients (or net energy) than here 
shown and will not make maximum gains. (1004-1006) 

The standards for calves being fattened for baby beef are intended for calves 
that are placed on feed when weighing 300 to 400 lbs. and are then fattened 
rapidly for marketing at a weight of not over 900 to 1000 lbs. The recommenda- 
tions for fattening yearlings are for well-grown yearling cattle which weigh 600 to 
750 lbs. when placed on feed and which are marketed at about 1100 lbs. in weight. 
The standards for fattening 2 -year-old cattle are for cattle which weigh about 900 
lbs. at the start and are marketed at about 1,200 lbs. During the period when fat- 
tening cattle are being gotten on feed, they will consume less nutrients than shown 
in these standards. 

The standards for wintering beef calves and for wintering yearling cattle pro- 
vide sufficient nutrients to produce approximately the rates of gain stated in the 
table. 

The standards for wintering beef breeding cows provide sufficient nutrients to 
enable the cows to gain slightly in weight as pregnancy advances. 

Standards for horses. — The standards for horses at hard work are for horses 
actually doing hard work at least 7 to 8 hours a day. Horses working hard for a 
shorter daily period should be classed as “at medium work” or “at light work” as 
the case may be. The amounts of nutrients advised for idle horses should keep 
them in thrifty condition and should prevent loss of weight. 

Standards for lambs and sheep. — The standards for fattening lambs are in- 
tended for fattening thrifty lambs that weigh about 50 to 65 lbs. at the start and 
that are fed a sufficiently liberal amount of concentrates to make them fat at a 
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weight of about 90 lbs. or less. (1264) While they are being started on feed, 
lambs will not consume as much nutrients as shown in the standards. 

The amount of nutrients advised for breeding ewes should keep them in thrifty 
condition. 

Standards for pigs. — The recommendations for pigs are intended for full- 
feeding and not for limited-feeding. (1303-1308) Pigs of excellent breeding that 
are unusually growthy may consume somewhat more nutrients than shown in the 
standards when self -fed an excellent ration. 


Table HI. Morrison feeding standards 




Digestible protein 

Total digestible nutrients | 

Net energy 



Minimum 

allowance 

advised 

Recom- 
mended 
for good eows 
under usual 
conditions 

Minimum 

allowance 

advised 

Recom- 
mended 
for good cows 
under usual 
conditions 

Minimum 

allowance 

ad^^d 

Recom- 
mended 
for good cows 
under usual 
conditions 

1. Dairy eows 

Lbs. 

Lbs. 

Lbs. 

Lbs. 

Therms 

Therms 

A. For maintenance 

(Per head daily) 
700-lb. cow 

0.440 

0.476 

5.13 

5.81 

4.10 

4.65 

760-lb. 

cow 

0.467 

0.506 

5.45 

6.18 

4.36 

4.94 

800-lb. 

cow 

0.494 

0.536 

5.77 

6.53 

4.62 

5.22 

850-lb. 

cow 

0.521 

0.564 

6.08 

6.88 

4.86 

5.50 

900-lb. 

cow 

0.547 

0.593 

6.38 

7.23 

5.10 

5.78 

950.1b. 

cow 

0.574 

0.621 

6.69 

7.58 

5.35 

6.06 

1,000-lb. 

cow 

0.600 

0.650 

7.00 

7.93 

5.60 

6.34 

1.050-lb. 

cow 

0.626 

0.678 

7.30 

8.27 

5.84 

6.62 

1,100-lb. 

cow 

0.652 

0.706 

7.60 

8.61 

6.08 

6.89 

I,l50-lb. 

cow 

0.677 

0.734 

7.90 

8.95 

6.32 

7.16 

1.200-lb. 

cow 

0.703 

0.762 

8.20 

9.29 

6.56 

7.43 

1,250-lb. 

cow 

0.730 

0.790 

8.51 

9.64 

6.81 

7.71 

1,300-lb. 

cow 

0.754 

0.817 

8.80 

9.97 

7.04 

7.98 

1,350-lb. 

cow 

0.779 

0.844 

9.09 

10.29 

7.27 

8.23 

1,400-lb. 

cow 

0.805 

0.872 

9.39 

10.63 

7.51 

8.50 

1,450-lb. 

cow 

0.829 

0.898 

9.67 

10.96 

7.74 

8.77 

1.600-lb. 

cow 

0.854 

0.925 

9.96 

11.28 

7.97 

9.02 

1.550-lb. 

cow 

0.878 

0.952 

10.25 

11.61 

8.20 

9.29 

1,600-lb. 

cow 

0.904 

0.979 1 

10.54 

11.94 

8.43 

9.55 

1,650-lb. cow 

0.928 

1.005 i 

10.82 

12.26 

8.66 

9.81 

1,700-lb. 

cow 

0.952 

1.032 

11.11 

12.58 

8.89 

10.06 

1.750-lb. 

cow 

0.976 

1.058 

11.39 

12.90 

9.11 

10.32 

1,800-lb. 

cow 

1.001 

1.084 

11.68 

13.23 

9.34 

10.58 

B. Fer milk produc- 
tion per pound of 
milk. 

(To be added to allow- 
ance for maintenance) 
For 2.5% milk 

0.034 

0.040 

.238 

.251 

.221 

.233 

For 3.0? 

i milk 

0.036 

0.043 

.261 

.276 

..243 

.257 

For 3.5? 

i milk 

0.038 

0.046 

.284 

.300 

.264 

.279 

For 4.0? 

S milk 

0.041 

0.049 

.307 

.324 

.286 

.301 

For_4.5? 

milk 

0.044 

0.052 

.330 

.349 

.307 

.325 

For 5.0% milk 

0.046 

0.056 

.353 

.373 

.328 

.347 

For 5.55 

^ milk 

0.049 

0.059 

.376 

.397 

.350 

.369 

For 6.0? 

i milk 

0.052 

0.062 

.399 

.422 

.371 

.392 

For 6.6? 

i milk 

0.054 

0.065 

.422 

.446 

.392 

.415 

For 7.0? 

7o milk 

0.057 

0.068 

.445 

.470 

.414 

.437 
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Requirements per head daily 



Dry 

matter 

Digestible 

protein 

Total 

digestible 

nutrients 

Nutritive 

ratio 

Net 

energy 

2. Growing dairy cattle 

Lbs. 

Lbs. 

Lbs. 

1: 

Therms 

Weight 100 lbs 

1.4-2.4 

0.24-0.40 

1.2-2.0 

3.9-4.5 

1.2-2.0 

Weight 150 lbs 

3.0-4.0 

0.41-0.52 

2.3-3.0 

4.4-6. 1 

2.3-2.9 

Weight 200 lbs 

4.6-5.6 

0.52-0.62 

3.3-4.0 

5.0-5.5 

3.2-3.8 

Weight 250 lbs 

5.9-6.9 

0.61-0.71 

4.1-4.8 

5.7-6.2 

3.9-4.5 

Weight aOO lbs 

7.2-8.0 

0.67-0.78 

4.9-5.5 

6.3-6.8 

4.5-5. 1 

Weight 400 lbs 

9.0-10.0 

0.80-0.90 

6. 1-6.6 1 

6.5-7.0 

5.5-5.9 

Weight 600 lbs 

10.6-11.8 

0.87-0.98 

6.9-7.7 

6.9-7.4 

6. 1-6,8 

Weight 600 lbs 

12.0-13.6 

0.94-1.06 

7.7-8.7 1 

7.2-7.7 

6.8-7.7 

Weight 700 lbs 

13.4-15.5 

1.00-1.13 

8.4-9.7 

7.4.7.9 

7.3-8.4 

Weight 800 lbs 

14.8-17.4 

1.06-1.20 

9.1-10.7 

7.6-8. 1 

7.9-9.3 

Weight 900 lbs 

16.1-19.2 

1.11-1.27 

9.8-11.7 i 

7.8-8.3 

8.5-10.1 

Weight 1,000 lbs 

17.5-21.0 

1.16-1.33 

10.4-12.6 

8.0-8.4 

8.9-10.8 

3. Growing beef cattle, 
fed liberally for rapid 
growth 






Weight 100 lbs 

1.4-2.4 

0.24-0.40 

1.2-2.0 

3.9-4.5 

1. 2-2.0 

Weight 150 lbs 

3.1-4.1 

0.42-0.54 

2.4-3.1 

4.4-6. 1 

2.4-3.0 

Weight 200 lbs 

4.8-5.8 

0.54-0.64 

3.4-4.2 

6.0-5.5 

3.3-4.0 

Weight 250 lbs 

6.2-7.2 

0.64-0.75 

4.3-5.0 

6.7-6.2 

4.1-4.7 

Weight 300 lbs 

7.7-8.6 

0.72-0.83 

5.2-5.9 

6.3-6.8 

4.8-5.6 

Weight 400 lbs 

9.8-10,9 

0.87-0.98 

6.6-7.2 

6.5-7.0 

6.0-6.4 

Weight 500 lbs 

11.7-13.0 

0.96-1.08 

7.6-8.5 

6.9-7.4 

6.7-7.6 

Weight 600 lbs 

13.2-15.0 

1.03-1.17 

8.5-9.6 

7.2-7.7 

7.5-8.5 

Weight 700 lbs 

14.7-17.1 

1.10-1.24 

9.2-10.7 

7.4-7.9 

8.0-9.2 

Weight 800 lbs 

16.3-19.1 

1.17-1.32 

10.0-11.8 

7.6-8.1 

8.7-10.2 

Weight 900 lbs 

17.7-21.1 

1.22-1.40 

10.8-12.9 

7.8-8.3 

9.4-11.1 

Weight 1,000 lbs 

19.3-23.1 

1.28-1.46 

11.4-13.9 

8.0-8.9 

9.8-11.9 

4. Calves being fattened 
for baby beef 






Weight 400 lbs 

9.6-12.7 

0.98-1.23 

7.4-9.8 1 

6.5-7.0 

6.7-8.9 

Weight 600 lbs 

11.4-14.5 

1.19-1.43 

9.0-11.4 

6.6-7.1 

8.2-10.4 

Weight 600 lbs 

13.3-16.1 

1.39-1.60 

10.6-12.9 

6.6-7.1 

9.8-11.9 

Weight 700 lbs 

14.8-17.5 

1.55-1.75 

12.0-14.2 

6.7-7.2 

11.2-13.2 

Weight 800 lbs 

16.1-18.7 

1.69-1.89 

13.1-15.2 

6.7-7.2 

12.3-14.3 

Weight 900 lbs 

17.0-19.4 

1.75-1.95 

13.8-16.8 

6.8-7.3 

13.0-14.9 

6. Fattening yearling 
cattle 






Weight 600 lbs 

13.2-16.3 

1.20-1.41 

10.3-12.7 

7.0-8.0 

9.3-11.5 

Weight 700 lbs 

15.2-18.3 

1.41-1.60 

12.0-14.4 

7.0-8.0 

11.0-13.2 

Weight 800 lbs 

17.0-20.3 

1.59-1.79 

13.5-16.1 

7.0-8.0 

12.0-15.0 

Weight 900 lbs 

18.6-21.8 

1.74-1.94 

14.8-17.4 

7.0-8.0 

13.9-10.4 

Weight 1,000 lbs 

19.7-22.9 

1.87-2.06 

15.9-18.5 

7.0-8.0 

14.9-17.4 

Weight 1,100 lbs 

20.8-24.0 

1.99-2.17 

16.9-19.5 

7.0-8.0 

15.9-18.3 

6. Fattening 2-year-old 
cattle 






Weight 900 lbs 

Weight 1,000 lbs 

Weight 1,100 lbs 

Weight 1,200 lbs 

18.7-22.3 

1.62-1.83 

14.6-17.4 

7. 6-8.5 

13.3-15.8 

20.0-23.5 

1.78-1.98 

16.0-18.8 

7.5-8.5 

14.9-17.5 

1 20.9-24.1 

1 1.87-2,07 

17.0-19.6 

7.5-8.5 

10.0-18.4 

1 21.8-24.7 

i 1.95-2.12 

17.7-20.1 

7.5-8.5 

16.0-18.9 
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Table III. Morrison feeding standards — continued 


Requirements per head daily 



Dry 

matter 

Digestible 

protein 

Total 

digestible 

nutrients 

Nutritive 

ratio 

Net 

energy 


7. Wintering: beef calves 

Lbs. 

Lbs. 

Lbs. 

1: 

Therms 


to gain 0.75 to 1.00 lb. per 
head daily 







Weight 300 lbs 

7.0-8.3 

0.52-0.58 

3.9-4.6 

6.5-7.0 

(3.2-3.8> 

Weight 400 lbs 

8.7-10.3 

0.63-0.70 

4.8-5.7 

6.7-7,2 

(4.0-4.8) 

•Weight 600 lbs 

10.3-12.1 

0.71-0.78 

5.7-6.7 

7.1-7.6 

(4.7-5.6) 

Weight 600 lbs 

11.7-13.9 

0.79-0.88 

6.5-7.7 

7.3-7.8 

(5.3-6.2) 

8. Wintering yearling 
beef cattle to gain 0.50 to 
0.75 lb. per head daily 







Weight 600 lbs.. 

11.6-13.3 

0.67-0.75 

6.3-7.2 

8.1-8.6 

(5.0-5.8) 

Weight 700 lbs 

12.9-14.8 

0.76-0.83 

7.0-8.0 

8.2-8.7 

(5.6-6.4) 

Weight 800 lbs 

9. Wintering pregnant 

14.2-16.3 

0.83-0.90 

7.7-8.8 

8.3-8.8 

(6.2-7.0) 

V 

beef cows 







Weight 900 lbs 

13.1-18.4 

0.56-0.65 

6.9-9.7 

10.0-15.0 

(4.5-6.3: 

> 

Weight 1,000 lbs 

14.2-20.0 

0.60-0.70 

7.5-10.5 

10.0-15.0 

(4.9-6.8; 

) 

Weight 1,100 lbs 

15.2-21.5 

0.64-0.75 

8.0-11.3 

10.0-15.0 

(5.2.7:3! 

> 

Weight 1,200 lbs 

16.3-22.8 

0.69-0.80 

8.6-12.0 

10.0-15.0 

(5.6-7.8; 

) 

10. Horses, idle 







Weight 1,000 lbs 

13.0-18.0 

0.6-0.8 

7.0-9.0 

10.0-12.0 

(5.6-7.2) 

Weight 1,100 lbs 

13.9-19.3 

t 0.6-0.9 

7.5-9.7 

10.0-12.0 

(6.0-7.7) 

Weight 1,200 lbs 

14.8-20.6 

0.7-0.9 

8.0-10.3 

10.0-12.0 

(6.4-8.2> 

Weight 1,300 lbs 

15.7-21.8 

0.7-1.0 

8.5-10.9 

10.0-12.0 

(6.8-8,7> 

Weight 1,400 lbs 

16.6-23.0 

0.8-1.0 

8.9-11.5 

10.0-12.0 

(7.2-9.2) 

Weight 1,500 lbs 

17.5-24.2 

0.8-1.1 

9.4-12.1 

10.0-12.0 

(7.5-9.7) 

Weight 1,600 lbs 

18.3-25.4 

0.8-1.1 

9.9-12.7 

10.0-12.0 

(7.9-10.1) 

Weight 1,700 lbs 

19.1-26.5 

0.9-1.2 

10.3-13.3 

10.0-12.0 

(8.2-10.6) 

Weight 1,800 lbs 

20.0-27.6 

0.9-1.2 

10.8-13.8 

10.0-12.0 

(8.6-11.1) 

11. Horses at light work 







Weight 1,000 lbs 

15.0-20.0 

0.8-1.0 

9.0-11.0 

9.0-11.0 

* 7.5-9. 1 


Weight 1,100 lbs 

16.2-21.6 

0.9-1. 1 

9.7-11.9 

9.0-11.0 

8. 1-9.8 


Weight 1,200 lbs 

17.4-23,1 

0.9-1.2 

10.4-12.7 

9.0-11.0 

8.7-10.5 

Weight 1,300 lbs 

18.5-24.7 

1.0-1.2 

11.1-13.6 

9.0-11.0 

9.3-11.2 

Weight 1,400 lbs 

19.6-26.2 

1.0-1.3 

11.8-14.4 

9.0-11.0 

9.8-11.9 

Weight 1,500 lbs 

20.8-27.7 

1.1-1.4 

12.5-15.2 

9.0-11.0 

10.4-12.6 

Weight 1,600 lbs 

21.9-29.2 

1.2-1.5 

13.1-16.0 

9.0-11.0 

10.9-13.3 

Weight 1,700 lbs 

23.0-30.6 

1.2.1.5 

13.8-16.8 

9.0-11.0 

11.5-13.9 

Weight 1,800 lbs 

24.0-32.0 

1.3-1.6 

14.4-17.6 

'9.0-11.0 

12.0-14.6 

12. Horses at medium 
work 







Weight 1,000 lbs. 

16.0-21,0 

1.0-1.2 

11.0-13.0 

9.0-11.0 

9.4-11.1 

Weight* 1,100 lbs 

17.4-22.8 

1.1-1.3 

11.9-14.1 

9.0-11.0 

10.2-12.1 

Weight 1,200 lbs 

18.8-24.6 

1.2-1.4 

12.9-15.2 

9.0-11.0 

11.0-13.0 

Weight 1,300 lbs 

20.1-26.4 

1.3-1.5 

13.8-16.3 

9.0-11.0 

11.8-14.0 

Weight 1,400 lbs. 

2L5-28.2 

1.3-1.6 

14.8-17.4 

9.0-11.0 

12.6-14.9 

Weight 1,600 lbs 

22.8-29.9 

1.4-1.7 

15.7-18.5 

9.0-11.0 

13.4-15.8 

Weight 1,600 lbs 

24.1-31.6 

1.5-1.8 

16.6-19.6 

9.0-11.0 

14.2-16.7 

Weight 1,700 lbs 

25.4-33.3 

1.6-1.9 

17.5-20.6 

9.0-11.0 

14.9-17.6 

Weight 1,800 lbs 

26.7-35.0 

1. 7-2.0 

18.3-21.7 

9.0-11.0 

15.7-18.5 
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Table III. Morrison feeding standards — continued 


Requirements per head daily 



Dry 

matter 

Digestible 

protein 

Total 

digestible 

nutrients 

Nutritive 

ratio 

Net 

energy 


Lbs. 

Lbs. 

Lbs. 

1: 

Therms 

13. Horses at hard work 






Weight 1,000 lbs 

18.0-22.0 

1.2-1.4 

13.0-16.0 

9.0-11.0 

11.3-13.9 

Weight 1,100 lbs 

19.7-24.0 

1.3-1.5 

14.2-17.5 

9.0-11.0 

12.4-15.2 

Weight 1,200 lbs 

21.3-26.1 

1.4- 1.7 

15.4-19.0 

9.0-11.0 

13.4-16.5 

Weight 1,300 lbs 

23.0-28.1 

1.5-1.8 

16.6-20.5 

9.0-11.0 

14.5-17.8 

Weight 1,400 lbs 

24.7-30.2 

1.6-1.9 

17.8-21.9 

9.0-11.0 

15.5-19.1 

Weight 1,500 lbs 

26.3-32.2 

1.8-2.0 

19.0-23.4 

9.0-11.0 

16.5-20.3 

Weight 1,600 lbs 

28.0-34.2 

1.9-2.2 

20.2-24.8 

9.0-11.0 

17.5-21.6 

Weight 1,700 lbs 

29.6-36.2 

2.0-2.3 

21.4-26.3 

9.0-11.0 

18.6-22.9 

Weight 1,800 lbs 

31.2-38.1 

2. 1-2.4 

22.5-27.7 

9.0-11.0 

19.6-24.1 

14. Brood mares nursing 






foals, but not at work 
Weight 1,000 lbs 

15.0-22.0 

1.2-1.5 

9.0-12.0 

6.5-7.5 

7.6-10.0 

Weight 1,100 lbs 

16.2-23.8 

1.3-1.6 

9.7-13.0 

6.5-7.5 

8.2-10.8 

Weight 1,200 lbs 

17.4-25.5 

1.4-1.7 

10.4-13.9 

6.5-7.5 

8.8-11.6 

Weight 1,300 lbs 

18.5-27.1 

1.5-1.9 

11.1-14.8 

6.5-7.5 

9.4-12.3 

Weight 1,400 lbs 

19.6-28.8 

1.6-2.0 

11.8-15.7 

6.5-7.5 

10.0-13.1 

Weight 1,500 lbs 

20.8-30.4 

1.7-2. 1 

12.5-16.6 

6.5-7.5 

10.5-13.8 

Weight 1,600 lbs 

21.9-32.1 

1. 7-2.2 

13.1-17.5 

6.5-7.5 

11.1-14.6 

Weight 1,700 lbs 

23.0-33.7 

1.8-2.3 

13.8-18.4 

6.5-7.5 

11.6-15.3 

Weight 1,800 lbs 

24.0-35.2 

1. 9-2.4 

14.4-19.2 

6.5-7.5 

12.2-16.0 

16. Growing draft colts, 






after weaning 






Weight 400 lbs 

9.2-11.3 

0.8.0.9 

5.6-7.2 

6.5-7.0 

4.9-6.3 

Weight 500 lbs 

10.9-13.3 

0.9-1.0 

6.6-8.4 

6.6-7. 1 

5.7.7.3 

Weight 600 lbs 

12.4-15.2 

1.0-1.2 

7.6-9.6 

6.7-7.2 

6.5-8.3 

Weight 700 lbs 

13.9-17.0 

1.1-1.3 

8.5-10.8 

6.8-7.3 

7.3-9.3 

Weight 800 lbs 

15.3-18.7 

1.2-1.4 

9.4-11.9 

6. 9-7.4 

8.0-10.1 

Weight 900 lbs 

16.7-20.4 

1.3-1.5 

10.2-13.0 

7.0-8.0 

8.7-11.0 

Weight 1,000 lbs 

18.0-22.0 

1.4-1.6 

11.0-14.0 

7.0-8.0 

9.2-11.8 

Weight 1,100 lbs 

19.3-23.6 

L5-1.6 

11.8-15.0 

7.2-8.2 

9.9-12.6 

Weight 1,200 lbs 

20.6-25.1 

1.5-1.7 

12.6-16;0 

7.5-8.5 

10.6-13.4 

16. Pregnant ewes, up to 
4 to 6 weeks before 
lambing 

! 





Weight 100 lbs 

2.5-2.8 

0.16-0.18 

1.5-1.8 

7.5-8.5 

(1.2-1.5) 

Weight 110 lbs 

i 2.7-3.0 

0.17-0.20 

1.6-1.9 

7.5-8.5 

(1.3-1.6) 

Weight 120 lbs 

2.9-3.2 

0.18-0.21 

1.7-2.0 

7.5-8.5 

(1.4-1.7) 

Weight 130 lbs 

3.1-3.4 

0.19-0.22 

1.8-2.1 

7.5-8.5 

(1.5-1.8) 

Weight 140 lbs 

3.2-3. 6 

0.20-0.23 

1.9-2.2 

7.5-8.5 

(1.6-1.9) 

Weight 150 lbs 

3.4-3,8 

0.21-0.24 

2.0-2.4 

7.5-8.5 

(1.7-2.0) 

17. Pregnant ewes, last 
4 to 6 weeks before 
lambing 






Weight 100 lbs 

2.5-2.8 

0.21-0.23 

1.9-2.2 

7.2-8.2 

(1.6.1.9) 

Weight 110 lbs 

2.7-2.9 

0.22-0.25 

2.0-2.3 

7.2-8.2 

(1.7-2.0) 

Weight 120 lbs 

2.8-3. 1 

0.23-0.26 

2. 1-2.4 . 

7.2-8.2 

(1.8-2.1) 

Weight 130 lbs 

2.9-3.3 

0.24-0.27 

2.2-2.5 

7.2-8.2 

(1.9-2.2) 

.Weight 140 lbs 

3. 1-3.4 

0.25-0.28 

2.3-2.6 

7.2-8.2 

(2.0-2.3) 

(2.1-2.4) 

Weight 160 lbs 

3.2-3.6 

0.26-0.29 

2.4-2.8 

7.2-8.2 
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Table III. Morrison feeding standards — continued 



Requirements per heed daily 

Dry 

matter 

Digestible 

protein 

Totel 

digestible 

nutrients 

Nutritive 

ratio 

Net 

energy 


Lbs. 

Lbs. 

Lbs. 

1: 

Therms 

18. Ewei nursing lambs 






Weight 100 lbs 

2.9-3,2 

0.27-0.29 

2.3-2.6 

6.7-7.7 

1.9-2.2 

Weight 110 lbs 

3. 1-3.3 

0.28-0.31 

2.4-2.7 

6.7-7.7 

2.0-2.3 

Weight 120 lbs 

3.2-3.5 

0.29-0.32 

2.5-2.8 

6.7-7.7 

2. 1-2.4 

Weight 130 lbs 

3.3-3.7 

0.30-0.33 

2.6-2.9 

6.7-7.7 


Weight 140 lbs 

3.6-3.8 

0.31-0.34 

2.7-3.0 

6.7-7.7 

2.3-2.6 

Weight 160 lbs 

3.6-4.0 

0.32-0.35 

2.8-3.2 

6.7-7.7 


10. Fattening lambs 






Weight 50 lbs 

1.9-2.3 

0.16-0.19 

1.2-1.5 


1.0-1.3 

Weight 60 lbs 

2.0-2.5 

0.20-0.23 

1.6-1.8 

6.7-7.2 

1.3-1.6 

Weight 70 lbs.*. 

2.2-2.7 

0.21-0.24 

1.7-2.0 

6.9-7.4 

1.5-1.8 

Weight 80 lbs 

2.3-2.8 

0.22-0.25 

1.8-2.1 

7. 1-7.6 

1.6-1.9 

Weight 90 lbs 

2.4-2.9 

0.23-0.26 

1.9-2.2 

7.3-7.8 

1.8-2.1 

Weight 100 lbs 

2.5.3.O 

0.25-0.27 

2.0-2.3 


1.9-2.2 

80. OrQwing and fatten- 






ing pigs 






Weight 30 lbs. 

1.3-1.9 

0.25-0.32 

1.2-1.7 

4.0-4.5 

1.1-1.6 

Weight 50 lbs 

2. 1-2.8 

0.36-0.43 

1.9-2.6 


1.7-2.3 

Weight 76 lbs 

2.9-3.9 

0.43-0.62 

2.6-3.6 

5.3-6.8 


Weight 100 lbs 

3.6-4.8 

0.50-0.60 

3.2-4.3 

5.8-6.2 

2.9-4.0 

Weight 150 lbs 

4.8-6.2 

0.65-0.75 

4.3-5.6 

6.2-6.5 

4.0-6.2 

Weight 200 lbs 

5.8-7.! 

0.73-0.83 

5.2-6.4 

6.4-6.7 

4.8-5.9 

Weight 260 lbs 

6.6-7.8 

0.80-0.90 

6.9-7.0 

6.5-6.8 

6.4-6.4 

Weight 300 lbs 

7.1-8.4 

0.85-0.95 

6.4-7.6 

6.6-7.0 

5.9-7.0 

21. Wintering pregnant 
gilts 






Weight 200 lbs 

3.3-4.0 

0.43-0.47 

3.0-3.6 


(2.7-3.3> 

Weight 250 lbs 

3.9-4.7 

0.60-0.55 

3.5.4.2 

■iViMiS 

(3.2-3.9) 

Weight 300 lbs 

4.4-5.4 

0.57-0.63 

4.0-4.8 

Haoil 

(3.6-4.4) 

22. Wintering pregnant 






older sows 






Weight 300 lbs 

3.7-4.5 

0.43-0.49 

3.2-4. 1 

6.5-7.5 

(2.9-3.7) ' 

Weight 400 lbs 

4.6-6.6 

0.53-0.60 

4.0-5.0 

6.5-7.5 

(3.6-4.6) 

Weight 500 lbs 

5.4-6.6 

0.63-0.71 

4.7-5.9 

6.5-7.5 

(4.2-5.4) 

Weight 600 lbs 

6.2-7.6 

0.72-0.81 

5.4-6.8 

6.5-7.5 

(4.9-6.2) 

23. Brood sows nursing 






litters 






Weight 300 lbs 

8.9-10.9 

1.16-1.23 

8.1-9.5 

6.0-7.0 

7.5-8.8 

Weight 400 lbs 

9.4-11.5 1 

1.22-1.29 

8.5-10.0 

6.0-7.0 

7.9-9.3 

Weight 500 lbs 

9.8-12,7 

1.28-1.35 

8.9-10.5 1 

6.0-7.0 

8.3-9.8 

Weight 600 lbs. 

11.2-13,8 

1.34-1.42 

9.4-11.0 

6.0-7.0 

8.7-10.2 
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Table IV. Mineral Matter in Typical Feeding Stuffs and in 

Farm Animals 

The data presented in this table concerning the amounts of mineral constituents 
in typical feeding stuffs and in the bodies of farm animals have been compiled chiefly 
from analyses reported by the experiment stations of this country. In addition, cer- 
tain data from European sources have been included. The content of iodine in various 
feeds is not shown, since this is highly variable. Also, even in the case of feeds sup- 
plied with a normal amount of iodine the iodine content is so small that it is measured 
in parts per billion of the total weight, instead of in per cent. The percentages of 
calcium, phosphorus, and potassium in many other feeding stuffs are given in 
Appendix Table I. 

The percentages of the various minerals given in this table are the percentages 
of the mineral elements, and not of the oxides, as calcium oxide (lime), potassium 
oxide (potash), etc. (673) 


Table IV. Mineral matter in feeding stuffs and farm animals 


Feeding stuff 

Cal- 

cium 

Phos- 

phorus 

Potas- 

sium 

Sodium 

Magne- 

sium 

Iron 

Sulfur 

Chlorine 

! Silicon 

Dry Roughages 

Per ct. 

Per ct. 

Per ct. 

Per ct. 

Per ct. 

Per ct. 

Per ct. 

Per ct. 

Per ct. 

Alfalfa hay 

1.43 

0.21 

2.02 

0.14 

0.26 

0.06 

0.25 

0.24 

0.25 

Barley straw 

0.32 

0.09 

1.26 

0.13 

0.07 

0.03 

0.13 

0.61 

0.61 

Bluegrass hay, Kentucky 

0.30 

0.22 

1.26 

0.13 

0.22 


0.31 

0.22 

Clover hay, red 

1.21 

0.18 

1.58 

0.08 

0.28 

0.10 

0.14 

0.08 

0.15 

Corn stover, medium in 
water 

0.41 

0.08 

1.50 

0.05 

0.08 

0.05 

0.15 

0.25 

0.22 

Cowpea hay 

1.13 

0.25 

1.45 

0.19 

0.60 


0.32 

0.15 


Lespedeza hay, annual . 

0.99 

0.19 

0.84 


0.25 

0.03 



0.44 

Millet hay, common . . . 

0.30 

0,17 

1.75 

6.09 

0.24 


0.15 

0.11 


Oat hay 

0.22 

0.17 

1.09 


0.16 

6.05 




Oat straw 

0,36 

0.13 

1.66 

6.i7 

0.08 

0.03 

0.10 

0.77 

0.69 

Pea straw, field 

1,68 

0.10 

1.08 

0.19 

0.20 

0.04 

0.15 

0.70 

0.08 

Sorghum fodder, sweet, 
. dry 

0.49 

0,14 

1.30 


0.31 

0.06 


0.56 

0.28 

Soybean hay 

0.96 

0.25 

0.82 


0.50 

0.11 

0.12 



Timothy hay 

0.27 

0.16 

1.36 

6.33 

0.14 

0.03 

0.10 

6.22 

6.70 

Wheat straw 

0.22 

0.07 

0.80 

0.22 

0.06 

0.03 

0.15 

0.20 i 

1.33 

Green Roughages, 
Roots, Etc. 

Alfalfa, green 

0,40 

0.06 

0.67 

0.04 

0.07 

0.02 

0.07 

1 0.07 

0.07 

Bluegrass, Kentucky, gr. 

0.16 

0.08 

0,53 

0.05 

0.05 

0.06 

0.11 

0.17 

0.29 

Carrots 

0.06 

0.06 

0.40 

0.12 

! 0.02 


0.02 

0.09 

0.01 

Cabbage 

0.06 

0.03 

1 0.24 

0.003 

0.02 


0.08 

0.02 


Clover, red, green 

0.43 

0.07 

0.64 

0.02 

0.11 

6.03 

0.03 

0.02 

o.oi 

Mangels, roots 

0.01 

0,03 

0.36 

0.07 

0.03 

0.001 

0.02 

0.13 

0.01 

Orchard grass, green . . . 

0.12 

1 0,09 

0.77 

0.10 

0.04 

0.04 

0.06 

0.27 

0.37 

Potatoes, tubers 

0.01 

0.05 

0.45 

0.03 

0.05 

0.003 

0.02 

0.045 

0.004 

Rape, green 

0.34 

0.07 

0.37 

0.01 

0.02 


0.04 

0.09 


Rutabagas 

0.07 

0.05 

0.41 

0.08 

0.02 


0.08 

0.06 


Sudan grass 

0.14 

0.06 

0.43 

0.01 

0.05 

0.03 

0.01 

0.01 

0.18 

Sweet potatoes, tubers 

0.03 

0.06 

0.38 

0.02 

0.07 

* 

0.04 

0.02 


Timothy, green 

0.14 

0.06 

0.66 

0.07 

0.04 

0.02 

0.04 

0.19 

6.23 

Silages 

Corn silage, dent, well- 
matured 

0.07 

0.06 

0.30 

0.01 

0.06 

0.01 

0.02 

0.04 

0.26 

Sunflower silage 

0.39 

0.04 

0.65 

0.17 

0.11 

0.03 

0.03 

0.18 

0.15 
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Table IV. Mineral matter in feeding stuffs and farm animals — continued 


Feeding stuff 

Cal- 

cium 

Phos- 

phorus 

Potas- 

sium 

Sodium 

Magne- 

sium 

Iron 

Sulfur 

Chlorine 

Silicon 

Concentrates 

Per ct. 

Per ct. 

Perct. 

Per ct. 

Per ct. 

Per ct. 

Perct. 

Per ct. 

Perct. 

Barley grain 

0.05 

0.38 

0.52 

0.05 

0.12 

0.004 

0 02 

0.11 

0.15 

Beans, held 

0.14 

0.45 

1.16 

0.07 

0.18 

0.007 

•0.06 

0.07 

0.01 

Beet pulp, dried 

0.68 

0.07 

0.18 

0.13 

0.26 

0.08 

0.20 

0.04 

0.13 

Beet pulp, dried, molas- 
ses 

0.52 

0.07 

1.60 


0.13 


0 38 



Blood meal 

0.33 

0.26 

0.09 

0.32 

0.22 

0.02 

0.28 

0.14 


Bone meal, steamed. . . . 

32.61 

15.17 

0.18 

0.52 

0.85 


0.40 

0.09 

6.52 

Brewers’ ^ains, dried . . 

0.25 

0.47 

0.05 

0.26 

0.15 

0 03 


0.06 

0.70 

Buttermiilc, dried 

1.36 

0.74 

0.71 

0.95 

0.81 

0.43 

6.08 

0.36 


Corn grain, dent 

0.01 

0.28 

0.33 

0.03 

0.11 

0.004 

0.14 

0.05 

6.02 

Corn gluten feed 

0.14 

0.55 

0.54 

0.70 

0.30 


0.45 

0.16 


Cottonseed meal, 41% 
protein grade 

0.20 

1.19 

1.48 

0.05 

0 65 

0.06 

0.46 

0.03 

0.01 

Cowpeas 

0.10 

0.47 

1.45 

0.17 

0.21 


0.25 

0.04 


Distillers’ corn grains, 
dried 

0.05 

0.31 

0.13 

0.10 

0.09 


0.47 

0.05 

0.21 

Distillers* rye grains, 
dried 

0.13 

0.43 

0.04 

0.07 

0.18 


0.38 

0.03 


Flaxseed 

0.25 

0.66 

0.58 

0.04 

0.36 

6.6i 

0.05 

0.02 

0.76 

Hominy feed 

0.03 

0.57 

0.60 


0.24 


0.02 



Horsebeans 

0.13 

0.54 

1.16 

6.04 

0.13 

6.6i 

0.08 

6.08 

6.6i 

Kafir grain 

0.04 

0.30 

0.34 

0.06 

0.15 


0.16 

0.10 


Linseed meal, old 
process 

0.33 

0.86 

1.27 

0.11 

0.53 

0.10 

0.38 

0.05 

0.18 

Malt sprouts 

0.24 

0.71 

1.52 

0.11 

0.18 

0.08 

0.80 

0.36 

0.76 

Molas^s, beet 

0.05 

0.02 

4.77 

0.97 

0.02 





Oat grain 

0.09 

0.33 

0.40 

0.14 

0.12 

0.01 

0.03 

0.05 

0.43 

Oat meal, feeding, or 
rolled oats 

0.06 

0.45 

0,37 

0.06 

0.11 

0.004 


0.07 


Pea seed, field 

0.07 

0.40 

1.03 

0.06 

0.13 

0.004 

6!i6 

0.08 

6.6 i 

Peanut oil meal 

0.17 

0.55 

1.16 

0.07 

0.22 

0.03 

0.21 

0.03 

0.06 

Rice polish 

0.04 

1.10 

1.18 

0.11 

0.65 


0.17 

0.13 


Rye CTain 

0,04 

0.37 

0.54 

0.05 

0.10 

6;664 

0.06 

0.02 

6!63 

Rye feed 

0.08 

0,69 

0.83 

• • • 

0.23 

• • • • 

0.04 



Skimmilk, centrifugal . . 

0.14 

0,12 

0.14 

0.08 

0.10 

0.004 

0.04 

aos 


Soybean seed 

0.20 

0.60 

1,91 

0.46 

0.23 

0.02 

0.41 

0.03 


Soybean oil meal, hy- 
draulic or expeller 

process 

Wheat 

0.28 

0.66 

2.20 

0.51 

0.25 

0.02 

0.45 

0.04 


0.03 

0.43 

0.44 

0.04 

0;11 

0.005 

0.18 

0.06 

6!62 

Wheat bran 

0.12 

1.32 

1.24 

0.06 

0.55 

0.008 

0.21 

0.04 

0.03 

Wheat flour, white 

0.03 

0.13 

0.12 

0.06 

0.02 

0.001 

0.18 

0.07 


Wheat middlings, flour . 

0.09 

0,72 

0.89 

0.07 

0.32 


0,20 

0.04 

6.03 

Wheat middlings, stand- 
ard 

0.08 

0.94 

1.04 

0.17 

0.36 

0.01 

0.21 

0.03 


Whey, from American 
cheese 

0.05 

0.04 

0.18 

0.03 

0.01 


0.01 

0.12 


Farm Animals 

{not including contents 
of digestive tract) 

Beef calf, at birth 

• 

1.25 

0.68 

0.22 

0.21 

0.05 

0.02 

0.17 

0.16 


Beef calf, wt. 250 lbs. . . 

1.36 

0.80 

0.24 

0.20 

0.04 

0.02 

0.16 

0.13 


Beef calf, wt. 450 lbs. . . 

1.11 

0.65 

0.22 

0.18 

0.04 

0.01 

0.15 

0.12 


Beef steer, fat,wt. 1,110 
lbs; 

1.47 

0.79 

0.20 

0.16 

0.04 

0.02 

0.14 

0.11 

.... 
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Table IV. Mineral matter in feeding stuffs and farm animals— 


Feeding stuff 

Cal- 

cium 

Phos- 

phorus 

Potas- 

sium 

Sodium 

Magne- 

sium 

Iron 

Sulfur 

Chlorine 

Silicon 

Farm Animals 

Per ct. 

Per ct. 

Per ct. 

Per ct. 

Per ct. 

Per ct. 

Per ct. 

Per ct. 

Per ct. 

{not including contents 
of digestive tract) 

Beef steer, very fat, wt. 
1,850 lbs 










0.94 

0.51 

0.12 

0.10 

0.03 

0.01 

0.10 

0.07 


Lamb, fat 

0.92 

0.49 

0.14 


0.03 





Sheep, before fattening. 

0.94 

0.52 

0.14 


0.03 





Sheep, fat 

0.85 

0.45 

0.12 


0.03 





Pig, before fattening . . . 

0.77 

0.46 

0.16 


0.03 





Pig, fat 

0.45 

0.29 

0.11 


0.02 





Wool 










Wool, unwashed 

0.13 

0.03 

4.67 


0.02 






Table V. Vitamin Content of Feeding Stuffs 

• The (lata concerning the relative amounts of vitamins in various feeding stuffs 
are still very limited, since most of the investigations in this field have been con- 
ducted with human foods, rather than on feeds for livestock. The following table 
is presented to indicate approximately the relative values of representative feed- 
ing stuffs as sources of vitamins A, B, C, D, E, and G. Additional information on 
this subject is given in the discussions of the various vitamins in Chapter VI. (184- 
200 ) 

It should bo borne in mind that the amount of a particular vitamin in a cer- 
tain kind of feed may vary widely, especially in the case of roughages. For exam- 
ple, the vitamin A content of hay varies greatly, depending on the stage of growth 
at which it was cut, and on the manner in which the hay was cured. 

As has been explained in Chapter VI, in the case of feeds of plant origin it is 
probable that all or nearly all of the vitamin A value is due to the carotene the 
feeds contain, and that they have little or no actual vitamin A. (187) Since carotene 
can readily be converted into vitamin A in the bodies of animals, the terms “vitamin 
A value” or “vitamin A content” are commonly used to indicate the combined effect 
of the carotene plus any vitamin A the feed may contain. The vitamin A values 
of various feeds given in this table are estimated on this basis, and thus include 
both the content of carotene and any content of actual vitamin A. 

The relative amounts of the different vitamins in each feed are indicated by 
the following symbols; 

O indicates that the feed has none of the vitamin or only an insignifi- 
cant amount. 

4- indicates that the feed contains an appreciable amount of the vita- 
min. 

-f- indicates that the feed is a good source of the vitamin. 

4 - 4 - 4 _ indicates that the feed is an excellent source of the vitamin. 

4- 4- -i- 4- indicates that the feed is exceptionally rich in the vitamin. 

— indicates that information concerning the amount of the vitamin is 
lacking or is not conclusive. 

These symbols indicate only very roughly the relative content of a given feed 
in the different vitamins, and where the same symbol is used to indicate the vitamin 
content of two feeds, one of the feeds may contain materially larger amounts than 
the other. 
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The data in this table have been compiled from a variety of sources, including 
the books and scientific articles to which references are given in Chapter VI. The 
author wishes particularly to acknowledge the use of data from the table showing 
the vitamin content of poultry feeds, prepared by Norris and Heuser of the Poultry 
Husbandry department of Cornell University. 


Table V. Vitamin content of feeding stuffs 


Feeding Stuff 



Vitamins 



A 


C 

D 

E 

G 

Dry Roughages 

Alfalfa hay, excellent qual- 
ity (very leafy and green - 
colored} 

+ + -h 

+ 

o 

++ 

++ + 

++ 

Alfalfa hay, gootl quality 
(leafy and well-cured) . . 


+ 

0 

++ 

+ + + 

++ 

Alfalfa hay, poor quality . . 

O to + 

+ 

0 

— 

— 

+ 

Alfalfa hay, dehydrated . . 

+ + + + 

+ 

— 

0 

+++ 

+++ 

Clover hay, good quality . . 

+ + 

+ 

o 

++ 

+++ 

+ + 

Corn fodder, well-cured . . . 

“f" 

+ 

0 

+ 

— 

— 

Cottonseed hulls 

o 

— 

0 

— 

— 

— 

Legume hay in general, 
good quality 

+ 4- 

+ 

0 

+ + 

+++ 

++ 

Sorghum fodder 

4- 

+ 

0 

+ 

— 

— 

Straw from the small grains 

0 

— 

o 

— 

— 

— 

Timothy hay and other 
grass hay, good quality . 

4- to 4-4- 

+ 

0 

+ 

++ 

+ 

Timothy hay and other 
grass hay, poor quality . 

O to 4- 

— 

0 

— 

— 

— 

Green Roughages, 
Roots, Etc. 

Apples 

Alfalfa, green 

O to 4- 

+ 

+ 

0 



+ 4-4- 

+ 

+++ 

0 

+++ 

++ 

Beets, common 

O 

O 

+ 

0 

— 

— 

Beets, sugar 

0 

O 

+ 

0 

— 

— 

Cabbage, green leaves. . . . 

+ + 

‘ + 

+++ 

0 

— 

+ 

Cabbage, white portion . . . 

0 to + 

+ 

+++ 

0 

— 

— 

Carrots, yellow 

Clover, green 

+ + + 
+ + + 

+ 

+ 

+ + 
+++ 

o 

0 

+++ 

++ 

Grasses, green, growing ac- 
tively 

+ + + 

+ 

+++ 

0 

+++ 

++ 

Kale, green 

+ + + 

+ 

+++ 

o 

— 

— 

Mangels 

o 

0 

o 

0 

— 

— 

Potatoes 

0 

+ 

++ 

0 

— 

— 

Rutabagas 

0 to + 

+ 

+++ 

0 

— 

— 

Sweet potatoes, yellow . . . 

+ + 

+ 

i ++ 

0 

— 

— 

Tomatoes 

+ + 

+ 

+ + + 

0 

— 

— 

Silages 

Corn silage, good quality, 
from green corn forage 
at silage stage 

+ to + + 

+ 1 

0 to + 

0 to + 

+ 


Sorghum silage, good qual- 
ity 

+ to + + 

+ ! 

Oto + 

0 to + 

+ 

— 



APPENDIX 

Table V. Vitamin content of feeding stuffs — continued 


1013 


Vitamins 


Feeding stuff 








A 

B 

C 

D 

E 

G 

Concentrates 

Barley 


-b+ 

0 

0 

-b-b 

b 

Beans 

0 

++ 

0 

0 

— 

— 

Beet pulp, dried 

O 


0 

0 

0 

— 

Buckwheat 

0 

-b+ 

0 

o 

— 

b 

Buttermilk 

+ 

-b 

O to -f- 

0 

-b 

bb 

Buttermilk, dried 

-f 

"b 

O to + 

0 

-b 

bbb 

Corn, white 

0 

+-b+ 

O 

0 

-h-h 

b 

Corn, yellow 

4--h 

-b-b+ 

0 

o 

■b-b 

b 

Corn gluten feed (chiefly 
from yellow corn) 

-f-f 



0 

0 

0 

0 

Corn gluten meal (chiefly 
from yellow corn) 



0 

0 

0 

O 

Cottonseed meal 

o 

— 

0 

0 

— 

— 

Fish meal 

O to + 

0 

o 

Oto + 

— 

0 to + + 

Hominy feed, yellow 

+ -1- 

+++ 

0 

o 

b-b 

b 

Hominy feed, white 

0 

-b+-b 

0 

0 

bb 

b 

Linseed meal 

0 

— 

0 

0 

b 

— 

Millet seed 

O to + 

-b+ 

0 

0 

— 

— 

Milk, whole 

-b-f 

1 

“b 

0 to -b 

b 

bb 

Molasses, cane 

0 

-b-b 

0 

0 

bb 

— 

Oats 

0 

-b-b 

0 

0 

bb 

b 

Peanuts 

0 

-h-b 

0 

0 

bb 

— 

Peanut oil meal 

0 

-b+ 

0 

0 

bb 

— 

Peas, green-colored 

++ 

-b-b 

0 

0 

bb 

b 

Rice, whole grain 

o 

l ++ 

0 

0 

bb 

— 

Rye 

0 

i ++ 

0 

0 

bb 

b 

Skimmilk 

0 

•b 

O to + 

0 

b 

b b 

Skimmilk, dried 

o 

-b 

0 to -b 

0 

i b 

bbb 

Sorghum grain 

0 

-b-b 

0 

0 

bb 

— 

Soybeans 

0 

-b-b 

0 

0 

— 

b 

Soybean oil meal 

0 

-b-b 

0 

0 

— 

b 

Tankage 

o 

o 

0 

0 

— 

b 

Wheat 

0 

-h-h 

0 

0 

bb 

b 

Wheat bran 

0 

“b "b 

0 

0 

■b -b 

b 

Wheat germ 

0 

-h + + + 

0 

0 

bbbb 

b 

Wheat middlings, stand- 
ard 

0 

i -b-b-b 

0 

o 

bbb 

b 

Whey 

0 

-b 

O to + 

o 

b 

b b 

Whey, dried 

0 

-b 

O to -b 

0 

b 

bbb 

Miscellaneous 

Butter 

-b-f-f 

o 

o 

1 

-b 

b 

0 

Cod-liver oil 


o 

0 

-b-b-b-f- 

O 

Eggs 

-b-b 

-b 

O 

-b-b 


bbb 

Liver, dried 

-b-b 

-b 

+ 

-b 


bbbb 

Yeast 

0 

-b -b-b-b 

o 

0 

0 

bbb 
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Table VI. Weight of Concentrates and OTHfeR Feeds 

In computing rations for farm animals it is desirable to know the weight per 
quart, or the bulk, of the different concentrates. The following table, compiled chiefly 
from Massachusetia Bulletin 136 by Smith and Perkins, Louiaiana Bulletin lid by 
Halligan, and Indiana Bulletin 141 by Jones, Haworth, Cutler, and Summers is there- 
fore presented. 



One 

One 


One 

One 

Feeding stuff 

quart 

pound 

Feeding stuff 

quart 

pound 


weights 

meas- 


weights 

meas- 



urea 



urea 

Concentrates 

Lbs. 

Qt8. 

Concentrates — Cont . 

Lbs. 

Qts. 

Barley, whole 

1.5 

0.7 

Oats 

1.0 

1.0 

Barley, ground 

Beans, field 

1.1 

0.9 

Oats, ground 

0.7 

1.4 

1.7 

0.6 

Oatmeal, without hulls. . . . 

1.7 

0.6 

Beet pulp, dried 

0.6 

1.7 

Oat middlings 

1.5 

-0.7 

Brewers' grains, dried 

0.6 

1.7 

Oat mill feed 

0.8 

1.3 

Buckwheat, whole l 

1.4 

0.7 

Peas, field 

2.1 

0.5 

Buckwheat feed 

0.6 

1.7 

Rice bran 

0.8 

1.3 

Buckwheat flour 

1.6 

0.6 

Rice polish 

1.2 

0.8 

Buckwheat middlings 

0.9 

1.1 

Rye, whole 

1.7 

0.6 

Coconut oil meal 

1.5 

0.7 

Rye, ground 

1.5 

0.7 

Corn, dent, whole 

1.7 

0.6 

Rye, bran 

0.8 

1.3 

Corn, dent, ground 

1.5 

0.7 

Rye feed 

1.3 

0.8 

Corn-and-coib meal 

1.4 

0.7 

Rye middlings 

1.6 

0.6 

Corn bran 

0.5 

2.0 

Soybeans 

1.8 

0.6 

Corn germ meal 

1.4 

0.7 

Sunflower seed 

1.5 

0.7 

Corn gluten feed 

1.3 

0.8 

Tankage 

1.6 

0.6 

Corn gluten meal 

1.7 

0.6 

Wheat, whole 

1.9 

0.5 

Cottonseed, whole 

0.8 

1.3 

Wheat, ground 

1.7 

0.6 

Cottonseed meal 

1.5 

0.7 

Wheat, bran 

0.5 

2.0 

Cowpeas 

1,7 

0.6 

Wheat mixed feed 

0.6 

1.7 

Distillers* corn grains, dried . 

0.6 

1.7 

Wheat flour middlings 

1.2 

0.8 

Flaxseed 

1.6 

0.6 

Wheat screenings 

1.0 

1.0 

Flaxseed screenings 

1.1 

0.9 

Wheat standard middlings . . 

0.8 

1.3 

Hominy feed 

1.1 

0.9 




Linseed meal, old process . . . 

1.1 

0.9 

Roughages 



Linseed meal, new process . . 

0.9 

1.1 

Alfalfa meal 

0.6 

1.7 

Malt sprouts 

0.6 

1.7 

Buckwheat hulls 

0.5 

2.0 

Millet seed, foxtail 

1.6 

0.6 

Cottonseed hulls 

0.3 

3.3 

Molasses, cane 

3.0 

0.3 

Oat hulls 

0.4 

2.5 

Molasses feeds 

0.8 

1.3 
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Table VII. Example Kations for Farm Animals 


The following examples of balanced rations for the different classes of stock 
are presented as guides ^in the selection of efficient balanced rations adapted to vari- 
ous conditions. In using this table, one should not limit his cdioico of rations to 
the particular combinations of feeds here given. Instead, he should determine 
whether modifications cannot be made in these rations which will make them more 
economical under his local conditions. One can readily determine which of various 
available feeds are actually the cheapest by using the methods explained in Chapter 
X. (276-287) 

The following will indicate the changes that can be made in these rations: 

Ground corn can be replaced by hominy feed, corn feed meal, ground grain 
sorghum, barley, wheat. When barley or wheat is fed in place of corn, the amount 
of protein supplement may be reduced somewhat. 

Ground oats can be replaced by ground barley, ground emmer, or ground spelt. 

Ground rye and ground buckwheat may be used to replace part of the other 
grain in these rations. 

Wheat bran can bo replaced by wheat mixed feed. If the greater bulk of wheat 
bran is not needed in the ration, bran can also be replaced by wheat standard 
middlings. 

Corn gluten feed can be replaced by a slightly larger proportion of coconut 
oil meal or brewers’ dried grains, as these latter supplements contain somewhat less 
digestible protein. 

Linseed meal can be replaced by ground soybeans or by a combination of one- 
half linseed meal and one-half soybeans, cottonseed meal, soybean oil meal, or corn 
gluten meal. 

Cottonseed meal can be replaced by soybean oil meal, peanut oil meal, or 
ground soybeans. 

One-half of the linseed meal, cottonseed meal or soybean oil meal can be replaced 
by corn gluten meal, if there is some legume forage in the ration. 

Unless otherwise indicated, the amounts of feed shown in the tables are the 
amounts to be fed per head daily. For animals of different sizes than stated in the 
tables, the amounts of feed should be increased or decreased in accordance with 
the amounts of nutrients recommended in Appendix Table III for animals of the 
particular size. 


Dairy Cattle 

Concentrate or ‘‘grain” mixtures for dairy cows and heifers 


A. Mixtures containing approximately 12 per cent protein 

For cows in milk which are fed good alfalfa, soybean, or cowpea hay (at least 1 lb. 
daily per 100 lbs. live weight) with corn silage, sorghum silage, corn fodder, 
sorghum fodder, or roots. When alfalfa, soybean, or cowpea hay is fed as the 
only roughage, merely a mixture of farm grain supplies sufficient protein for all 
except unusually high-producing cows. 

For cows in milk which are fed red clover hay as the only roughage. 

For C9WS in milk which are on excellent pasture. 

For dry cows, when at least one-third the roughage (on the dry basis) is legume. 

For heifers over 6 months old, when one-half the roughage (on the dry basis) is 
alfalfa, soybean, or cowpea hay. 


1. Ground corn 840 lbs. 

• Ground oats 840 lbs. 

Wheat bran 200 lbs. 

Linseed meal 100 lbs. 

Salt 20 lbs. 


Total 2,000 lbs. 


Dig. protein, 9.8% 
Total dig. nutr., 74.8% 


2. Ground barley or wheat. . . . 960 lbs. 

Ground oats 730 lbs. 

Wheat bran 300 lbs. 

Salt 20 lbs. 

Total 2,000 lbs. 

Dig. protein, 9.8% 

Total dig. nutr., 74.0% 
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3. Ground com 1,000 lbs. 

Ground oats 620 lbs. 

Wheat bran 240 lbs. 

Corn gluten feed 70 lbs. 

Soybean oil meal 60 lbs. 

Salt 20 lbs. 

Total 2,000 lbs. 

Dig. protein, 9.8% 

Total dig. nutr., 75.7% 

4. Ground com 1,000 lbs. 

Ground oats 630 lbs. 

Wheat bran 240 lbs. 

Com distillers' grains 60 lbs. 

Soybean oil meal 60 lbs. 

Salt 20 lbs. 

Total 2,000 lbs. 

Dig. protein, 9.7% 


Total dig. nutr., 75.8% 


5. Ground com 810 lbs. 

Groimd oats 600 lbs. 

Cane molasses 200 lbs. 

Wheat bran 200 lbs. 

Cottonseed meal 60 lbs. 

Com gluten feed 70 lbs. 

Soybean oil meal 40 lbs. 

Salt 20 lbs. 

Total 2,000 lbs 

Dig. protein, 9.7% 

Total dig. nutr., 73.3% 

6. Com-and-cob meal 1,330 lbs. 

Wheat bran 500 lbs. 

Cottonseed meal 80 lbs. 

Linseed meal 70 lbs. 

Salt 20 lbs. 

Total 2,000 lbs. 

Dig. protein, 9.7% 

Total dig. nutr., 73.7% 


B. ItCixtures containing approximately 14 per cent protein 

(For cows in milk which are fed red clover hay (at least 1 lb. daily per 100 lbs. live 
weight) and corn or sorghum silage or corn or sorghum fodder, when protein sup- 
plements are expensive. 

For cows in milk which are on very good pasture. 

For dry cows when only one-fourth of the roughage (on the dry basis) is legume. 
For heifers over 6 months old, when one-half the roughage (on the dry basis) is 


clover hay. 


1. Ground com 740 lbs. 

Ground oats 740 lbs. 

Wheat bran 250 lbs. 

Linseed meal 250 lbs. 

Salt 20 lbs. 

Total 2,000 lbs. 

Dig. protein, 11.6% 

Total dig. nutr., 74.8% 

2. Ground barley or wheat. . . . 880 lbs. 

Ground oats 750 lbs. 

Wheat bran 200 lbs. 

Cottonseed meal 150 lbs. 

Salt 20 lbs. 

Total 2,000 lbs. 

Dig. protein, 11.6% 

Total dig. nutr., 74.0% 


3. Ground com 860 lbs. 

Ground oats 600 lbs. 

Wheat bran 200 lbs. 

Com gluten feed 220 lbs. 

Soybean oil meal 100 lbs. 

Salt 20 lbs. 

Total 2,000 lbs. 

Dig. protein, 11.6% 

Total dig. nutr., 75.8% 

4. Ground com 880 lbs. 

Ground oats 600 lbs. 

Wheat bran 200 lbs. 

Com distillers' grains 220 lbs. 

Soybean oil meal 80 lbs. 

Salt 20 lbs. 

Total 2,000 lbs. 

Dig. protein, 112% 

Total dig. nutr., 76.6% 
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5. Ground com 670 lbs. 

Ground oats 600 lbs. 

Cane molasses 200 lbs. 

Wheat bran 200 lbs. 

Cottonseed meal 100 lbs. 

Corn gluten feed 110 lbs. 

Soybean oil meal 100 lbs. 

Salt 20 lbs. 

Total 2,000 lbs. 

Dig. protein, 11.4% 


Tolal dig. nutr., 732% 


6. Corn-and-cob meal 1,190 lbs. 

Wheat bran 500 lbs. 

Cottonseed meal 140 lbs. 

Linseed meal 150 lbs. 

Salt 20 lbs. 

Total 2,000 lbs. 

Dig. protein, 11.5% 


Total dig. nutr., 73.7% 


0. Mixtures containing approximately 16 per cent protein 

For cows in milk which are fed good red clover or alsike clover hay (at least 1 lb. 
daily per 100 lbs. live weight) with corn silage, sorghum silage, corn fodder, 
sorghum fodder, or roots. 

For cows in milk which are fed good mixed clover-and-grass hay (containing at 
least 30 per cent clover) and corn or sorghum silage or corn or sorghum fodder, 
when protein supplements are imusually expensive. 

For cows in milk which are on good pasture. 

For dry cows which are fed little or no legume roughage. 


1. Ground com 660 lbs. 

Ground oats 650 lbs. 

Wheat bran 250 lbs. 

Linseed meal 420 lbs. 

Salt 20 lbs. 

Total 2,000 lbs. 

Dig. protein, 13.6% 

Total dig. nutr., 76.0% 

2. Ground barley or wheat . . . 750 lbs. 

Ground oats 750 lbs. 

Wheat bran 200 lbs. 

Cottonseed meal 280 lbs. 

Salt 20 lbs. 

Total 2,000 lbs. 

Dig. protein, 13.1% 

Total dig. nutr., 73.6% 

3. Ground com 670 lbs. 

Ground oats 600 lbs. 

Wheat bran 200 lbs. 

Corn gluten feed 360 lbs. 

Soybean oil meal 150 lbs. 

Salt 20 lbs. 

Total 2,000 lbs. 

Dig. protein, 13.4% 

Total dig. nutr., 75.6% 


4. Ground com 710 lbs. 

Ground oats 610 lbs. 

Wheat bran 200 lbs# 

Corn distillers' grains 350 lbs. 

Soybean oil meal 110 lbs. 

Salt 20 lbs. 

Total 2,000 lbs. 

Dig. protein, 12.7% 

Total dig. nutr., 76.8% 

5. Ground com 600 lbs. 

Ground oats 370 lbs. 

Cane molasses *200 lbs. 

Wheat bran 250 lbs. 

Cottonseed meal 120 lbs. 

Corn gluten feed 350 lbs. 

Soybean oil meal 90 lbs. 

Salt 20 lbs. 

Total 2,000 lbs. 

Dig. protein, 13.3% 

Total dig. nutr. 73.5% 

6. Cora-and-cob meal 1,060 lbs. 

Wheat bran 500 lbs. 

Cottonseed meal 190 lbs. 

Linseed meal 230 lbs. 

Salt 20 lbs. 

Total 2,000 lbs. 

Dig. protein, 13.2% 

Total dig. nutr., 73.8% 


D. Mixtures containing approximately 18 per cent protein 

For cows in milk which are fed mixed do ver-and -timothy hay or other mixed clover- 
and-grass hay containing at least 30 per cent clover (at least 1 lb. of hay daily 
per 100 lbs. live weight), this hay being fed with corn or sorghum silage, corn or 
sorghum fodder, or roots. 

For cows in milk which are on fair pasture. 

For heifers over 6 months old, when only about one-fourth the roughage (on the 
dry basis) is legume. 
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1. Ground com 580 lbs. 

Ground oats 580 lbs. 

Wheat bran 250 lbs. 

Linseed meal 570 lbs. 

Salt 20 lbs. 


Total 2,000 lbs. 

Dig. protein, 15.1% 

Total dig. nutr., 75.2% 

2. Ground barley or wheat . . . 700 lbs. 

Ground oats 580 lbs. 

Wheat bran 300 lbs. 

Cottonseed meal 400 lbs. 

Salt 20 lbs. 


Total 2,000 lbs. 

Dig. protein, 14.7% 

Total dig. nutr., 72.9% 

3. Ground com 630 lbs. 

Ground oat5 400 lbs. 

Wheat bran 250 lbs. 

Cora gluten feed 500 lbs. 

Soybean oil meal 200 lbs. 

Salt 20 lbs. 


Total 2,000 lbs. 

Dig. protein, 15.2% 

Total dig. nutr., 76.0% 


4. Ground corn 690 lbs. 

Ground oats 400 lbs. 

Wheat bran 250 lbs. 

Cora distillers’ grains 500 lbs. 

Soybean oil meal 140 lbs. 

Salt 20 lbs. 

Total 2,000 lbs. 

Dig. protein, 142% 

Total dig. nutr., 77.9% 

5. Ground com 470 lbs. 

Ground oats 380 lbs. 

Cane molasses 200 lbs. 

Wheat bran 250 lbs. 

Cottonseed meal 230 lbs. 

Corn gluten feed 350 lbs. 

Soybean oil meal 100 lbs. 

Salt 20 lbs. 

Total 2,000 lbs. 

Dig. protein, 14.9% 

Total dig. nutr., 73.1% 

6. Corn-and-cob meal 920 lbs. 

Wheat bran 500 lbs. 

Cottonseed meal 240 lbs. 

Linseed meal 320 lbs. 

Salt 20 lbs. 

Total 2,000 lbs. 

Dig. protein, 15.0% 


Total dig. nutr., 70.6% 


E. Mixtures containing approximately 20 per cent protein (Add 20 lbs. ground 
limestone per ton if roughage is grown on soil very deficient in calcium.) 

For cows in milk which are fed mixed Icgume-and-grass hay containing less than 
30 pe^ cent legumes, this hay being fed with corn or sorghum silage, corn or sor- 
ghum fodder, or roo-ts. 

For cows in milk which are fed non-legnme roughage of good quality and which are 
producing sufficient milk so that they require at least 8 to 10 lbs. of concentrate 
or grain mixture. 

For cows in milk which are on poor pasture. 

For heifers over 6 months old which are fed no legume roughage. 


1. Ground corn 

. . 580 lbs. 

3. Ground corn 

... 560 lbs. 

Ground oats 

. . 420 lbs. 

Ground oats 

... 300 lbs. 

Wheat bran 

. . 220 lbs. 

Wheat bran 

... 250 lbs. 

Linseed meal 

. . 760 lbs. 

Corn gluten feed 

... 600 lbs. 

Salt 

. . 20 lbs. 

Soybean oil meal 

... 270 lbs. 

Total 

. .2,000 lbs. 

Sait 

20 lbs. 

Dig. protein, 17.1% 

Total dig. nutr., 75.8% 

Total 

Dig. protein, 16.9% 

Total dig. nutr., 76.4% 

...2,000 lbs. 

2. Ground barley or wheat . 

. . 610 lbs. 

4. Ground com 

... 600 lbs. 

Ground oats 

. . 500 lbs. 

Ground oats 

... 330 lbs 

Wheat bran 

. . 300 lbs. 

Wheat bran 

... 250 lbs. 

Cottonseed meal 

. . 400 lbs. 

Corn distillers’ grains . . , 

... 600 lbs. 

Linseed meal 

. . 170 lbs. 

Soybean oil meal 

... 200 lbs. 

Salt 

. . 20 lbs. 

Salt 

... 20 lbs. 

Total 

. .2,000 lbs. 

Total 

. . .2,000 lbs. 


Dig. protein, 16.5% Dig. protein, 15.8% 

Total dig. nutr., 738% Total dig. nutr., 788% 
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5. Ground com 

.... 370 lbs. 

6. Com-and-cob meal .... 

... 790 lbs. 

Ground oats 

.... 300 Iba. 

Cane molasses 

.... 200 lbs. 

Wheat bran 

... 500 lbs. 

Wheat bran 

.... 250 lbs. 

Cottonseed meal 

... 320 lbs. 

Cottonseed meal 

.... 250 lbs. 

Linseed meal 

Corn gluten feed 

.... 460 lbs. 

... 370 lbs. 

Soybean oil meal 

Salt 

.... 150 lbs. 
20 lbs. 

Salt 

... 20 lbs. 

Total 

Dig. protein, 16.7% 

Total dig. nutr., 73.2% 

. . . .2,000 lbs. 

Total 

Dig. protein, 16.7% 

Total dig. nutr., 73.8% 

....2,000 lbs. 


F. Mixtures containing approximately 24 per cent protein (Add 20 lbs. of ground 
limestone per ton if roughage is grown on soil very deficient in calcium.) 

For cows in milk which are fed goodtquality non-legume roughage and which are 
not producing sufficient milk to require so much as 8 lbs. of concentrate or grain 
mixture. 

For cows in milk which are fed only non-legume roughage of fair to poor quality. 


1. Ground corn 400 lbs. 

Ground oats 400 lbs. 

Wheat bran 230 lbs. 

Linseed meal 500 lbs. 

Cottonseed meal 450 lbs. 

Salt 20 lbs. 

Total 2,000 lbs. 

Dig. protein, 20.1% 

Total dig. nutr., 74.6% 

2. Ground barley or wheat 390 lbs. 

Ground oats 400 lbs. 

Wheat bran 300 lbs. 

Cottonseed meal 490 lbs. 

Linseed meal 400 lbs. 

Salt 20 lbs. 


Total 2,000 lbs. 

Dig. protein, 20.1% 

Total dig. nutr., 73.8% 

3. Ground corn 300 lbs. 

Ground oats 300 lbs. 

Wheat bran 250 lbs. 

Com gluten feed 650 lbs. 

Soybean oil meal 480 lbs. 

Salt 20 lbs. 

Total 2,000 lbs. 

Dig. protein, 20.5% 

Total dig. nutr., 76.5% 


4. Ground corn 380 lbs. 

Ground oats 300 lbs. 

Wheat bran 250 lbs. 

Corn distillers’ grains 650 lbs. 

Soybean oil meal 400 lbs. 

Salt 20 lbs. 

Total 2,000 lbs. 

Dig. protein, 19.2% 

Total dig. nutr., 78.9% 

5. Ground corn 150 lbs. 

Ground oats 250 lbs. 

Cane molasses 200 lbs. 

Wheat bran 250 lbs. 

Cottonseed meal 300 lbs. 

Corn gluten feed 530 lbs. 

Soybean oil meal 300 lbs. 

Salt 20 lbs. 

Total 2,000 lbs. 

Dig. protein, 202% 

Total dig. nutr., 73.3% 

6. Corn-and-cob meal 530 lbs. 

Wheat bran 500 lbs. 

Cottonseed meal 450 lbs. 

Linseed meal 500 lbs. 

Salt 20 lbs. 


Total 2,000 lbs. 

Dig. protein, 20.1% 

Total dig. nutr., 73.8% 


Beef Cattle 

Calves being fattened for baby beef, average weight 600 lbs. 

1. Corn or sorghum silage, 10 lbs.; alfalfa or other legume hay, 2 lbs.; corn or 

ground grain sorghum, 10 lbs.; linseed meal, cottonseed meal, or other high- 
protein supplement, 1.5 lbs. 

2. Alfalfa, soybean, or cowpea hay, 4 to 5 lbs.; corn or grain sorghum, 11 lbs.; 

cottonseed meal, linseed meal, or other high-protein supplement, 0.50 to 0.75 lb. 

3. Alfalfa, soybean, or cowpea hay, 4 to 5 lbs. ; ground barley, wheat, or oats, 12 lbs. 
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4. Red clover hay, 4 to 5 lbs.; corn or ground grain sorghum, 11 lbs.; linseed meal, 

cottonseed meal, or other high-protein supplement, 1.0 lb. 

5. Clover-and-timothy hay (containing 30 per cent or more ^clover), 4 to 5 lbs.; 

corn or ground grain sorghum, 11 lbs.; cottonseed meal, soybean oil meal, or 
other high-protein supplement, 1.5 lbs. 

6. Corn or sorghum silage, 16 lbs.; corn or ground grain sorghum, 10 lbs.; cotton- 

seed meal, linseed meal, or other high-protein supplement, 2 lbs.; ground 
limestone, 0.1 lb. 

7. Cottonseed hulls, 4 lbs.; cowpea hay, 2 lbs.; corn or ground grain sorghum, 10 

lbs.; cottonseed meal or other high-protein supplement, 1.5 lbs. 

Fattening yearling cattle, average weight 900 lbs. 

1. Corn or sorghum silage, 15 lbs.; alfalfa or other legume hay, 3 lbs.; corn or 

ground grain sorghum, 13 lbs.; linseed meal, cottonseed meal, or other high- 
protein supplement, 1 lb. 

2. Alfalfa, soybean, or cowpea hay, 6 to 8 lbs.; corn or other grain, 14 lbs. 

3. Red clover hay, 6 to 8 lbs.; corn or ground grain sorghum, 13.5 lbs.; cottonseed 

meal^ soybean oil meal, or other high-protein supplement, 0.5 lb. 

4. Red clover hay, 6 to 8 lbs.; ground barley, wheat, or oats, 14 lbs. 

5. Clover-and-timothy hay (containing 30 per cent or more clover), 6 to 8 lbs.; 

corn or ground grain sorghum, 13 lbs.; linseed meal, cottonseed meal, or other 
high-protein supplement, 1 lb. 

6. Corn or sorghum silage, 20 lbs.; corn or ground grain sorghum, 13 lbs.; soybean 

oil meal or other high-protein supplement, 1.5 lbs.; ground limestone, 0.1 lb. 

7. Cottonseed hulls, 6 lbs. ; cowpea hay, 2 lbs. ; corn or ground grain sorghum, 13 lbs. ; 

cottonseed meal or other high-protein supplement, 1.5 lbs. 

Fattening 2-year-old cattle, weight 1,000 lbs. 

1. Corn or sorghum silage, 25 lbs.; alfalfa, soybean, or cowpea hay, 4 lbs.; corn or 

ground grain sorghum, 14 lbs. Adding 0.5 lb. high-protein supplement vrill 
increase the rate of gain slightly and may be profitable. The supplement should 
be added if less legume hay is fed. 

2. Corn or sorghum silage, 25 lbs.; red clover hay, 4 lbs.; corn or ground grain 

sorghum, 14 lbs.; linseed meal, cottonseed meal, or other high-protein supple- 
ment, 1.25 lbs. 

3. Alfalfa, soybean, or cowpea hay, 10 lbs.; corn or other grain, 15 lbs. 

4. Red clover hay, 10 lbs.; corn or ground grain sorghum, 14.5 lbs.; cottonseed meal, 

or other high-protein supplement, 0.5 lb. 

5. Clover-and-timothy hay (containing 30 per cent or more clover), 10 lbs.; corn or 

ground grain sorghum, 14 lbs.; soybean oil meal or other high-protein supple- 
ment, 1.0 lb. 

6. Com or sorghum silage, 30 lbs.; com or ground grain sorghum, 14 lbs.; linseed 

meal or other high-protein supplenent, 1.5 lbs.; ground limestone, 0.1 lb. 

7. Cottonseed hulls, 7 lbs.; cowpea hay. 2 lbs.; corn or ground grain sorghum, 14 

lbs,; cottonseed meal or other high-jirotein supplement, 1.5 lbs. 

Wintering beef calves to gain 0.75 to 1.00 lb. per bead daily 

1. Legume hay or mixed hay containing at least one-half legumes, 8 to 14 lbs. 

2. ^ Corn silage or sorghum silage, 25 to 35 lbs.; cottonseed meal, linseed meal, or 

other high-protein supplement, 1 lb.; ground limestone, 0.1 lb. unless silage is 
raised on soil well supplied with calcium. 

3. Corn silage or sorghum silage, 20 to 25 lbs.; legume hay, 3 to 4 lbs. 

4. Prairie hay, other grass hay, or corn or sorghum fodder, 7 to 14 lbs. ; linseed meal 

cottonseed meal, or other high-protein supplement, 0.5 to 1.0 lb.; ground lime- 
stone, 0.1 lb. unless roughage is raised on soil well supplied with calcium. 
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5. Prairie hay or other grass hay, or corn or sorghum fodder, 7 to 14 lbs.; ground 
barley, ground oats, ground grain sorghum, or ground wheat, 2 lbs. ; ground 
limestone, 0.1 lb. unless roughage is raised on soil well supplied with calcium* 

Wintering beef yearlings 

In general the same types of rations are satisfactory as have been suggested for 
wintering beef calves, except that greater amounts of feed are required and 
some of the roughage may consist of such cheap feeds as corn or sorghum 
stover, or cereal straw. 

Wintering mature beef breeding cows in calf, weight 1,000 lbs. 

1. Legume hay, 5 to 8 lbs.; cereal straw, 10 to 15 lbs. 

2. Legume hay or mixed logume-and-grass hay of good quality, 16 to 20 lbs. 

3. Corn silage or sorghum silage, 40 to 60 lbs.; cottonseed meal, linseed meal, or 

other high-protein supplement, 1 lb. 

4. Corn silage or sorghum silage, 25 to 40 lbs.; legume hay, 5 to 7 lbs, 

5. Cereal straw full-fed; linseed meal, cottonseed meal, or other high-protein supple* 

ment, 1 lb. ; ground limestone, 0.1 lb. 

6. Prairie hay or other grass hay, 16 to 20 lbs.; plus 0.5 lb. cottonseed meal, linseed 

meal, or other high-protein supplement unless hay is early-cut. It is advisable- 
to add 0.1 lb. ground limestone if hay is grown on soil deficient in calcium. 

Horses and Mules 

Horses and mules at hard work, weight 1,200 lbs. 

1. Grass hay, 12 lbs.; oats, 16 lbs. 

2. Grass hay, 12 lbs.; corn, 13 lbs.; linseed meal or other high-protein supplement^ 

1 lb. 

3. Legume hay, 12 lbs.; corn, 13.5 lbs. 

4. Legume hay, 6 lbs.; grass hay, 6 lbs.; corn, 14 lbs. 

5. Shredded corn fodder, 6 lbs.; legume hay, 6 lbs.; oats, 15 lbs. 

6. Oats or barley straw, chopped, 4 lbs.; legume hay, 8 lbs.; oats, 16 lbs. 

Horses and mules at medium work, weight 1,200 lbs. 

1. Grass hay, 14 lbs.; oats, 11 lbs. 

2. Grass hay, 14 lbs.; corn, 9 lbs.; linseed meal or other high-protein supplement, 

0.75 lb. 

3. Legume hay, 14 lbs.; corn, 9 lbs. 

4. Legume hay, 7 lbs.; grass hay, 7 lbs.; corn, 9.5 lbs. 

5. Shredded com fodder, 7 lbs.; legume hay, 7 lbs.; oats, 10 lbs. 

6. Oat or barley straw, chopped, 5Jbs.; legume hay, 9 lbs.; oats, 11 lbs. 

Horses and mules at light work, weight 1,200 lbs. 

1. Grass hay, 16 lbs.; oats, 6 lbs. 

2. Grass hay, 16 lbs.; corn, 4.5 lbs,.; linseed meal or other high-protein supplement, 

0.5 lb. 

3. Legume hay, 16 lbs. ; corn, 4 lbs. 

4. Legume hay, 8 lbs.; grass hay, 8 lbs.; corn, 4.5 lbs. 

5. Shredded corn fodder, 8 lbs.; legume hay, 8 lbs.; oats, 5 lbs. 

6. Oat or barley straw, chopped, 6 lbs. ; legume hay, 10 lbs. ; oats, 6 lbs. . 

Idle horses and mules, Uve weight 1,200 lbs. 

1. Grass hay, 17.5 lbs.; linseed meal or other high-protein supplement, 0.75 lb. 

2. Legume hay, 17 lbs. 

3. Legume hay, 9 lbs.; grass hay, 9 lbs. 

4. Com or sorghum stover, 11 lbs.; legume hay, 8 lbs. 

5. Corn or sorghum silage, 15 lbs.; oat or barley straw, 6 lbs.; legume hay, 7 lbs* 

6. Oat or barley straw, 6 lbs.; legume hay, 12 lbs. 
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Brood mares nursing foals, but not at work, live weight 1,200 lbs. 

1. Alfalfa, soybean, or eowpea hay, 16 lbs.; corn or other grain, 6 lbs. 

2. Bed clover hay, 16 lbs.; oats or ground barley 3 lbs.; corn, 3 lbs. 

3. Mixed clover-and timothy hay (containing 30 per cent or more clover), 16 lbs.; 

oats, 6 lbs. 

4. Timothy or other grass hay, 16 lbs.; oats, 3 lbs.; bran, 3 lbs.; linseed meal or 

other high-protein supplement, 1 lb. 

Sheep 

Wintering pregnant ewes up to 4 to 6 weeks before lambing, weight 120 lbs. 

1. Good-quality legume hay or mixed legume-and-grass hay containing 50 per cent 

legumes, 3.4 to 4.0 lbs. 

2. Legume hay, 2.6 to 3.3 lbs.; corn or sorghum silage, 2.0 lbs. 

3^ Corn fodder, sorghum fodder, corn stover, sorghum stover, or cereal straw, 1.0 
lb.; legume hay 2.0 lbs. It may be necessary to add 0.25 to 0.50 lb. grain 
to this ration to keep the ewes in the desired condition. 

4. Boots, 2.0 to 3.0 lbs.; legume hay, 3.1 to 3.6 lbs. 

5. Early-cut, well-cured grass hay, 1.7 to 2.0 lbs.; legume hay 1.7 to 2.0 lbs. 

6. Early-cut grass hay, 2.3 to 3.0 lbs.; corn or sorghum silage, 2.0 lbs.; 0.25 lb. 

linseed meal or other high-protein supplement; 0.25 ounce ground limestone 
per head daily. 

Wintering pregnant ewes during 4 to 6 weeks before lambing 

To one of the preceding roughage allowances, add 0.5 lb. per head daily (or more 
if necessary) of one of the concentrate mixtures listed later. 

Bwes not on pasture nursing lambs 

To one of the preceding roughage allowances, add 1.0 lb. or slightly more of one of 
the following concentrate mixtures: 

Concentrate or grain mixtures for ewes 

These concentrate mixtures are suitable for ewes which are nursing lambs or for 
pregnant ewes. 

A. For feeding when at least one-half the roughage (on the dry basis) Is actually 

good legume roughage 

1. Oats, 67 lbs.; wheat bran, 33 lbs. 

2. Corn or other grain, 50 lbs. ; oats, 20 lbs. ; wheat bran, 20 lbs. ; linseed meal, 10 lbs. 

3. Corn 80 lbs. ; linseed meal, 20 lbs. 

4. Oats, 50 lbs.; corn, 50 lbs. This mixture is slightly too low in protein to use for 

ewes nursing lambs unless nearly all of the roughage is legume forage. 

5. A good mixed dairy feed containing 12 to 14 per cent protein. 

B. For feeding when only a small part or none^of the roughage is legume 

(When fed such roughage, ewes nursing lambs should receive 1.25 lbs. per head daily 
of concentrate mixture.) 

1. Oats, 30 lbs.; corn or other grain, 20 lbs.; wheat bran, 30 lbs.; linseed meal or 

other high-protein supplement, 20 lbs. 

2. Oats 60 lbs.; wheat bran, 25 lbs.; linseed meal or other high-protein supplement, 

15 lbs. 

Fattening lambs on full feed, weight 70 lbs. 

1. Legume hay, 1.4 lbs.; corn or grain sorghum, 1.5 lbs. The addition of 0.1 lb. 

high-protein supplement will increase the gains a trifle, but will usually not 
be profitable. 

2. Legume hay, 1.4 lbs. ; barley, wheat, or oats, 1.5 lbs. 

3. Corn or sorghum silage, 1.75 lbs.; legume hay, 0.75 lb. ; . corn or other grain, 1.5 

lbs.; linseed meal, cottonseed meal, or other high-protein supplement, 0.10 lb. 
Lambs will make satisfactory gains without the supplement, if at least this 
much good legume hay is fed. However, unless supplements are unusually high 
in price, it will generally pay to add the supplement. 
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4. Corn or sorghum silage, 3.0 to 4.0 lbs.; corn or other grain, 1.5 lbs.; cottonseed 

meal, linseed meal, soybean oil meal, or other high-protein supplement, 0.20 
lb.; ground limestone, 0.25 ounce. 

5. Mixed clover-and-grass hay, 1.4 lbs.; corn, 1.5 lbs.; linseed meal, 0.10 to 0.15 lb* 

6. Cottonseed hulls, 1.0 lb. ; cowpea hay, 0.50 lb. ; corn or other grain, 1.5 lbs. ; 

cottonseed meal or other high-protein supplement, 0.10 to 0.15 lb. 

Swine 

Except where indicated, the amounts of feed stated arc the amounts in each 100 lbs, 
of concentrate mixture, and not the amounts eaten per head daily. 

Self-feeding growing and fattening pigs not on pasture from weaning to market 

1. Corn or grain sorghum, self-fed; trio mixture, self-fed, free-choice. (See Articles 

1341-3 for explanation and discussion of trio mixtures.) 

2. Corn or grain sorghum, self-fed; skimmilk or buttermilk, 6 lbs. per head daily; 

choice alfalfa hay fed in rack. 

3. Barley or wheat, self-fed; skimmilk or buttermilk, 4 to 5 lbs. per head daily; 

choice alfalfa hay fed in rack. 

4. Corn or grain sorghum, self-fed; tankage, meat scraps, or fish meal, self -fed, 

free-choice; choice alfalfa hay fed in rack. 

Self -feeding growing and fattening pigs on good pasture from weaning to tnarket 

1. Corn or grain sorghum, self-fed; mixture self-fed, free-choice, of one-half tank- 

age, meat scraps, or fishmeal and one-half linseed meal, cottonseed oil meal, 
or soybean oil meal. 

2. Corn or grain sorghum, self- fed, skimmilk or buttermilk, 3 to 4 lbs. per head 

daily. 

3. Barley or wheat, self-fed; skimmilk or buttermilk, 2 to 3 lbs. per head daily. 

4. Corn or grain sorghum, self-fed; tankage, meat scraps, or fish meal, self-fed, 

free-choice. 

Mixtures for self-feeding or hand-feeding to growing and fattening pigs of various 

live weights 

The mixtures suggested for pigs on pasture are for pigs on good pasture, such as 
alfalfa, clover, or rape. For feeding in these mixtures the grain should be ground 
and the legume hay should be chopped or ground. Flour wheat middlings or 
wheat red dog are preferred to wheat standard middlings for young pigs up to 
50 lbs. in weight. 



Weaning 

Not on 

Not on 

On 

On 


to 50 

pasture 

pasture, 

pasture, 

pasture. 


lbs. 

50-100 

lbs. 

over 

100 lbs. 

50-100 

lbs. 

over 
100 lbs. 


Lbs. 

Lbs. 

Lbs. 

Lbs. 

Lbs. 

1. Corn or grain sorghum 

...76 

80 

85 

88 

92 

Tankage, meat scraps, or fish meal 14 

Linseed meal, soybean oil meal, or cot- 

10 

5 

6 

4 

tonseed meal 

... 5 

5 

5 

6 

4 

Legume hay 

.. 5 

5 

5 



Total 

...100 

100 

100 

100 

100 

2. Barley or wheat 

... 80 

84 

89 

94 

98 

Tankage, meat scraps, or fish meal 10 

Linseed meal, soybean oil meal, or cot- 

6 

3 

3 

2 

tonseed meal 

.. 5 

5 

3 

3 

. . 

Legume hay 

... 5 

5 

5 

•• 

• * 

Total 

...100 

100 

100 

100 

100 
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Weaning 

Not on 

Not on 

On 

On 


to 50 

pasture, 

pasture. 

pasture, 

pasture. 


lbs. 

50-100 

lbs. 

over 

100 lbs. 

50-100 

lbs. 

over 
100 lbs. 


Lbs. 

Lbs. 

Lbs. 

Lbs. 

Lbs. 

3. Corn or grain sorghum 

63 

68 

70 

74 

77 

Wheat middlings 

15 

15. 

20 

20 

20 

Tankage, meat scraps, or fish meal 

Linseed meal, soybeans, or cottonseed 

12 

7 

5 

6 

3 

meal 

5 

5 




Legume hay 

5 

5 

5' 

. . 

. • 


— 

— 



— 

Total 

100 

100 

100 

100 

100 

4. Com or grain sorghum 

62 

67 

66 

73 

75 

Oats 

15 

15 

20 

20 

20 

Tankage, meat scraps, or fish meal 

Linseed meal, soybeans, or cottonseed 

13 

8 

5 

7 

5 

meal 

5 

5 

4 



Legume hay 

5 

5 

5 

. . 

. . 


— 

— 

— 

— — 

•— 

Total . . 

100 

100 

100 

100 

100 


Brood sows, gilts, and boars 

An excellent ration for pregnant brood sows and gilts is merely sufficient corn or 
other grain, with choice legume hay fed in a rack, and either 0.25 to 0.35 lb. per 
head daily of tankage, meat scraps, or fish meal, or else 4 to 5 lbs. skimmilk or 
buttermilk per head daily. 

The following mixtures are also excellent for brood sows, gilts, and boars. For sows 
not on pasture that are nursing litters it may be wise to reduce the amount of 
legume hay in the mixtures to 5 lbs. per 100 lbs. of mixture. 

Not on On 
pasture pasture 


Lbs. Lbs. 

1. Corn 'Or grain sorghum 82 92 

Tankage, meat scraps, or fish meal 4 4 

Linseed meal, soybean oil meal or cottonseed meal 4 4 

Legume hay 10 

Total 100 100 

2. Barley or wheat 87 98 

Tai^kage, meat scraps, or fish meal 3 2 

Legume hay 10 

Total 100 100 

3. Corn or grain sorghum 67 72 

Wheat standard piiddlings 20 25 

Tankage, meat scraps, or fish meal 3 3 

Legume hay 10 

Total 100 100 

4. Corn or grain sorghum 61 71 

Oats 25 25 

Tankage, meat scraps, or fish meal 4 4 

Legume hay 10 

Total 100 100 
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Table VIII. Factors and Constants fob Valuing Feeds 

In order to select economical rations for livestock, it is necessary to determine 
which of the available feeds that are otherwise satisfactory provide nutrients at 
least expense. It has been emphasized previously that the best guides to the relative 
values of various feeds for any class of stock are furnished by the results of actual 
feeding experiments with that particular class of stock. (67-69) Extensive sum- 
maries of such experiments have therefore been presented in Part III of this volume 
which show the results that have been secured with most of the important feeding 
stuffs when fed to the various classes of stock. 

The relative values of the same two feeds for different classes of farm animals 
may vary to a considerable extent. Before deciding upon the feeds to use in a ration 
for any kind of stock one should therefore consult the chapter in Part III which 
discusses the values of the different available feeds for that class of stock. Where 
definite statements are there made, based on feeding experiments, concerning the 
relative values of two or more available feeds for the particular kind of animal, one 
should base his judgment on the specific facts presented, rather than on a comparison 
of the amounts of digestible nutrients these feeds furnish. 

For example, it is shown that ground barley is about equal to ground corn 
per 100 lbs. for dairy cows, while barley is of distinctly lower value than corn for 
fattening cattle, for fattening lambs or sheep, or for swine. 

The relative values of many feeding stuffs have not yet been determined 
accurately for the various classes of stock. In deciding which of such feeds are most 
economical, one must base his judgment on the amounts of digestible nutrients they 
furnish and on the general information that is available concerning the usefulness of 
the respective feeds for the particular class of stock. 

When protein-rich feeds are more expensive than feeds low in protein, as is 
commonly the case in most districts of the United 8tates, a method of comparison 
should be used that considers both the amount of digestible protein in a feed and 
also the amount of total digestible nutrients (or net energy) it supplies. The 
method of valuing feeds, developed by Petersen of the Minnesota Station, which has 
been explained in Chapter X, is a convenient method of making such comparisons^. 
(281) The first two columns of figures in the following table give the constants for 
valuing the most important feeds according to this method. These constants have 
been computed with dent corn of Federal grade No. 2 and cottonseed meal of 43 per 
cfent protein grade (not including Texas analyses) as the base or standard feeds, tak- 
ing for these feeds the composition shown in Appendix Table I. , 

In the case of most of the concentrates these constants have been computed 
from the percentages of digestible protein and of total digestible nutrients given in 
Table I. In the case of all the roughages and in the case of a few concentrates 
which are rather high in fiber or which have a relatively low energy value, the fac- 
tors have been computed from the content of digestible protein and of net energy 
given in Appendix Table II, For these feeds there is an asterisk after the name of 
the feed in the table. 

The net energy content has been used for these feeds instead of the percentage of 
digestible nutrients because net energy values are more accurate than total digestible 
nutrients as a basis for a direct comparison of a concentrate and of a roughage. (94) 
This is also true in a comparison of a high-grade concentrate, containing but little 
fiber, with a low-grade concentrate which is high in fiber. 

The method of using these constants has been explainetl in Chapter X. (281, 
283-286) To illustrate their use further, let us assume that dent corn (Grade No. 2) 
is $22.00 per ton and cottonseed meal (43 per cent protein grade) is $36.00 per ton. 
We wish to find the approximate value of brewers’ dried grains, considering its con- 
tent both of digestible protein and total digestible nutrients, in comparison with 
these base feeds at the prices stated. 

First, multiply $22.00, the price of corn per ton, by 0.323, the figure given for 
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brewers’ dried grains in the first column of figures in the table, entitled ^’Constants 
for corn.” This gives us $7.11. We next multiply $36.00, the price of cottonseed 
meal per ton, by 0.525, the ‘‘Constant for cottonseed meal,” given in the second 
column of figures. This gives us $18.90. We then add these amounts together, and 
have $26.01 as the approximate value per ton of brewers’ dried grains in comparison 
with corn and cottonseed meal at the prices assumed. 

When there is a minus sign before either the “Constant for corn” or the “Con- 
stant for cottonseed meal,” the product is to be subtracted, instead of being added. 
Tor example, in the case of fish meal the “Constant for corn” is — 0.516 and the 
“Constant for cottonseed meal” is 1.458. Multiplying $22.00, the price of corn per 
ton, by the factor — 0.516, we have as the result — $11.35. Multiplying $36.00, the 
price of cottonseed meal per ton, by 1.458, gives us $52.49. Subtracting $11.35 from 
$52.49, we have $41.14 as the approximate value per ton of fish meal. 

» When protein-rich feeds cost no more than protein-poor feeds, the factors given 
in the third column of figures should be used for determining the relative values of 
feeds, instead of the constants in the first two columns. These factors show the 
relative amount of total digestible nutrients furnished by each feed in comparison 
with dent corn of Federal grade No. 2 taken as 100 per cent. In the case of the 
feeds marked with an asterisk, these factors have been computed from the net energy 
values given in Appendix Table II, for the reason stated previously. 

To illustrate the method of using these “Total digestible nutrient factors” in the 
last column, let us find the value as a source of total digestible nutrients of common 
barley (not including Pacific Coast states) in comparison with dent corn of Federal 
grade No. 2 at $22.00 per ton. 

The factor for, barley in the third column is 97.6 per cent, which means that 
barley has 97.6 per cent as much total digestible nutrients as No. 2 dent corn. Tak- 
ing 97.6 per cent of $22.00, we find that the value of barley as a source of total 
digestible nutrients is $21.47, in comparison with corn at the price stated. 

The author wishes to acknowledge the aid in the preparation of this table of Mr 
J. I. Miller of the Animal Husbandry Department of Cornell University, who has 
computed the constants and factors here presented. 

As has been stated previously, Petersen has devised convenient graphs or charts 
from which the relative values of feeds can easily be read, with the base or standard 
feeds (corn and cottonseed meal) at any particular prices. (282) A method has 
been devised by Salisbury, Miller, and Hodson, working with the author, of making 
more comprehensive combination charts which can be used for three distinct purposes. 
First, the relative values of feeds can be read from the ch^rt, according to the Peter- 
sen method. This method should be used when protein-rich feeds are more expensive 
than feeds low in protein. Second, the relative values of feeds based solely on their 
content of total digestible nutrients (or net energy) can be easily read from the 
chart. Third, for each feed on the chart, the cost of 100 lbs. of total digestible 
nutrients can be read with the feed at any particular price. Graphs for valuing the 
most important feeds by these methods, with directions for their use, may be ob- 
tained from the Animal Husbandry department, Cornell University, Ithaca, New 
York. There is a small charge to cover the cost of publication. 

^ Petei«6ii» Jour. Dairy Sci., 15, 1932, pp. 293-297; Petersen, Minn. Exten. Pamphlet 33. 
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Table VIII. Constants and factors for valuing feeding stuffs 



Constanta 

1 for 

corn 

Constants 

for 

cottonseed 

meal 

Total digestiUe 
nutrient factors 
(On net energy 
basis for certain 
feeds) 

Concentrates 



Per ct. 

Barley, common, not including Pacific Coast 




states 

0.899 

0.083 

97.6 

Beet pulp, dried 

0.941 

-0.053 

89.1 

Beet pulp, wet 

0.111 

0.001 

11.1 

Blood meal, or dried blood 

-1.146 

2.246 

94.2 

Brewers^ grains, dried 

0.323 

0.525 

81.0 

Brewers’ grains, wet 

0.104 

0.110 

20.6 

Buckwheat, common 

0.694 

0.113 

79.9 

Buckwheat feed, good grade* 

0.302 

0.358 

63.4 

Buckwheat middlings 

0.316 

0.671 

93.9 

Buttermilk 

0.031 

0.088 

11.3 

Coconut oil meal, old process 

0.625 

0.406 

100.2 

Corn, dent. Grade No. 1 

1.023 

0.000 

102.4 

Corn, dent. Grade No. 2 

1.000 

0.000 

100.0 

Corn, dent, Grade No. 3 

0.979 

0.000 

98.0 

Corn ears (corn- and cob-meal) 

0.964 

-0.024 

94.2 

Corn feed meal 

1.039 

0.006 

104.5 

Corn gluten feed 

0,443 

0.557 

96.0 

Corn gluten meal 

0.060 

1.028 

101.5 

Corn oil meal, old process 

0.658 

0.343 

97.6 

Corn-and-oat feed, good grade 

0.941 

0.049 

98.6 

Cottonseed, whole 

0.836 

0.315 

112.9 

Cottonseed meal, 43% protein grade, all 




analyses 

0.012 

0.995 

93.7 

Cottonseed meal, 43% protein grade, not 




inc. Texas analyses 

0.000 

1.000 

92.9 

Cottonseed meal, 43% protein grade, Texas 




analyses 

0.012 

0.995 

93.7 

Cottonseed meal, 41% protein grade, all 




analyses 

0.019 

0.962 

91.3 

Cottonseed feed, below 36% protein* 

0.140 

0.730 

81.8 

Distillers’ corn grains, dried 

0.572 

0.520 

105.5 

Distillers’ rye grains, dried* 

0.502 

0.186 

67.5 

Fish meal * 

-0.516 

1.458 

83.9 

Flax seed 

0.963 

0.415 

134.9 

Hominy feed 

1.048 

0.010 i 

105.7 

Kafir grain 

0.927 

0.072 

99.4 

Kafir head chops 

0.927 

0.029 

95.4 

Linseed meal, old process, all analyses 

0.197 

0.832 

97.0 

Linseed meal, 37% protein or over 

0.097 

0.935 

96.5 

Malt sprouts* 

0.270 

0.524 

75.7 

Meat scraps, 65% protein grade 

-0.522 

1.547 

91.6 

Meat scraps, 60% protein grade 

-0.435 

1.418 

88.3 

Milo grain ; ■ • 

0.938 

0.058 

99.1 

Molasses, beet • 

0.817 

-0.094 

73.0 

Molasses, cane 

0.836 

-0.143 

70.2 

Oats, not including Pacific Coast states .... 

0.786 

0.109 

88.7 

Oat mill feed, usual grade* 

0.485 

0.016 

50.0 

Peanut oil meal, old process, all analyses. . . 

0.015 

1.080 

101.9 

Rice bran 

0.748 

0.100 

84.0 

Rice polish 

1.006 

0.062 

106.3 

Rye grain 

0.888 

0.114 

99.4 

Rye feed 

0.765 

0.210 

96.0 

Skimmilk, centrifugal 

0.017 

1 0.096 

10.7 


1028 


FEEDS AND FEEDING 


Table VIII. Constants and factors for valuing feeding stuffs — continued 



Constants 

for 

corn 

Constants 

for 

cottonseed 

meal 

Total digestible 
nutrient factors 
(On net enere^ 
basis for certain 
feeds) 

Concentrates — continued 
Skimmilk, dried 

1 0.206 

0.902 


Sorghum grain, sweet 




Soybean seed 


0.885 


Soybean oil meal, hydraulic or expeller proc- 
ess, all analyses 

0.027 

1.069 

102.0 

Tankage, or meat meal (digester process), 
60% protein grade 

-0.647 

1.738 

96.8 

Tankage, or meat meal (digester process), 
65% protein grade 

-0.546 

1.578 

92.1 

Wheat, recent analyses 

0.909 

0.138 

103.7 

Wheat bran, all analyses 

0.646 

0.243 

87.1 

Wheat brown shorts 

0.674 

0.294 

94.7 

Wheat flour middlings 

0.714 

0.283 

97.6 

Wheat gray shorts 

0.716 

0.282 

97.9 

Wheat mixed feed 

0.670 

0.261 

91.2 

Wheat red dog 

0.832 

0.265 

107.8 

Wheat standard middlings, all analyses .... 

0.729 

0.263 

97.3 

Wheat white shorts 

0.848 

0.242 

107.2 

Whey, from American cheese 

0.068 

0.012 

7.9 

Dry Roughages 

Alfalfa hay, all anal.* 

0.299 

0.241 

52.4 

Alfalfa hay, very leafy (less than 25% fiber)* 

0.285 

0.296 

56.0 

Alfalfa hay, leafy (25-28% fiber)* 

0.264 

0.289 

53.2 

Alfalfa hay, good (28-31% fiber)* 

0.309 

0.231 

52.3 

Alfalfa hay, fair (31-34% fiber)* 

0.306 

0.212 

50.2 

Alfalfa hay, stemmy (over 34% fiber)* 

0.286 

0.176 

44.9 

Alfalfa meal, good* 

0.360 

0.235 

57.8 

Barley straw* 

0.337 

-0.043 

29.8 

Bermuda hay* 

0.382 

0.028 

40.8 

Clover hay, red, all anal.* 

0.436 

0.111 

54.0 

Clover hay, red, leafy (less than 25% fiber)* 

0.420 

0.160 

56.8 

Clover hay, red, good quality (25-31% fiber)* 

0.470 

0.099 

56.2 

Clover hay, red, stemmy (over 31% fiber)*. 

0.414 

' 0.087 1 

49.5 

Clover and timothy hay, all anal.* 

0.464 

0.034 

48.5 

(plover and timothy hay, 30 to 50% clover* 

0.490 

0.038 

52.5 

Corn fodder, medium in water* 

0.437 

0.011 

44.8 

Corn stover, medium in water* 

0.303 

-0.001 

30.1 

Cottonseed hulls* 

0.473 

-0.093 

38.6 

Cowpea hay* 

0.223 

0.314 

51.5 

Johnson grass hay* 

0.492 

-0.017 

47.6 

Kafir fodder, dry, including grain* 

Kafir stover, medium in water* 

0.397 

0.051 

44.4 

0.339 

-0.020 i 

32.0 

Lespedeza hay, annual* 

, 0.369 

0.187 

54.3 

Marsh or swamp hay, fair quality* 

0.285 

0.025 

30.8 

Millet hay, common* 

0.391 

0.069 

45.5 

Mila stover, dry* 

0.343 

-0.038 

30.8 

Native hay, western mt. states, good quality* 

0.447 

0.049 

49.3 

Native hay, western mt. states, mature and 
weathered* 

0.318 

-0.019 

30.0 

Oat straw* 

0.333 

-0.042 

29.4 

Prairie hay, western, good quality* 

0.488 

-0.025 

46.5 

Prairie hay, western, mature or weathered*. 

0.421 

-0.068 

35.7 

Sorghum fodder, sweet, dry* 

0.416 

0.018 

43.3 
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Table VIII. Constants and factors for valuing feeding stuffs — continued 



Constantg 

for 

corn 

Constants 

for 

cottonseed 

meal 

Total digestible 
nutrient factora 
(On net energy 
basis for certain 
feeds) 

Dry Roughages—continued 



Per ct. 

Soybean hay, all anal.* 

0.237 

0.268 

48.6 

Sudan grass hay* 

0.388 

0.044 

42.9 

Timothy hay, all anal.* 

0A5Z 

-0.009 

44.4 

Timothy hay, early bloom* 

0.505 

0.018 

52.1 

Timothy hay, full bloom* 

0.493 

-0.009 

48.5 

Timothy hay, in bloom, nitrogen-fertilized*. 

0.487 

0.038 

52.2 

Timothy hay, late bloom to early seed* .... 

0.404 

-0.013 

39.2 

Timothy hay, late seed* 

0.366 

-0.014 

35.2 

Wheat straw* 

0.128 

-0.003 

12.5 

Green Roughages, Roots, Etc. 




Alfalfa, green* 

0.088 

0.079 

16.1 

Beets, roots, common* 

0.120 

0.010 

12.9 

Beets, roots, sugar* 

0.175 

-0.001 

17.4 

Clover, red* 

0.123 

0.049 

16.9 

Corn fodder, dent, all anal.* 

0.190 

-0.004 

18.6 

Kafir fodder* 

0.175 

0.002 

17.6 

Mangels, roots* 

Potatoes* 

0.081 

0.012 

9.2 

0.233 

-0.016 

21.8 

Rutabagas, roots* 

0.113 

0.006 

11.8 

Sorghum fodder, sweet* 

0.203 

-0.018 

18.6 

Sudan grass* 

0.188 

0.002 

19.0 

Sweet potatoes* 

0.390 

-0.056 

33.7 

Silages 




Alfalfa, high in water* 

0.109 

0.032 

13.9 

Corn, dent, well-matured, well-eared* 

Corn, dent, well-matured, well-eared, for 

0.284 

-0.015 

27.0 

dairy cows* 

0.197 

0.003 

20.0 

Corn, dent, well-matured, fair in ears* 

Corn, dent, well-matured, fair in ears, for 

0.221 

-0.013 

20.8 

dairy cows* 

0.171 

-0.003 

16.7 

Corn, dent, well-matured, few ears* 

Corn, dent, well-matured, few ears, for 

0.193 

-0.008 

18.6 

dairy cows* 

0.158 

-0.001 

15.8 

Corn, dent, immature, before dough stage* 

0.143 

0.000 

14.3 

Sorghum, grain varieties* 

0.213 

-0.012 

20.2 

Sorghum, grain varieties, for dairy cows* . . 

0.175 

-0.004 

17.1 

Sorghum, sweet* 

0.185 

-0.015 

17.1 
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Table IX. Grain Feeding Tables for Dairy Cows 

It has been emphasized previously that the amount of concentrates, or ‘‘grain 
mixture,” to be fed each cow in a herd should be adjusted to her actual production 
of milk and fat. Otherwise, some cows may be wastefully overfed and others seriously 
underfed. (787, 907) The common “thumb rules” often used for estimating the 
amount of grain mixture that should be fed to the various cows are not accurate 
guides to their real requirements. (908) The amount of grain required by any cow 
can be determined by computing a balanced ration according to the feeding stand- 
ards, but to do this for the individual cows in a herd takes considerable time. 

The following tables have therefore been prepared to indicate how many pounds 
of a good concentrate mixture, or so-called “grain mixture,” are required by cows 
producing various amounts of milk of different fat percentages. The first of these 
tables. Table IXa, is for cow’s not on pasture, and the second one. Table IXb, is 
for cows which are on pasture. Sufficient amounts of grain mixture are advised to 
meet the recommendations for total digestible nutrients given in the Morrison feed- 
ing standards in the column entitled, “Eecommended for good cows under ordinary 
conditions.” (Appendix Table III.) When grain and other concentrates are very 
high in price in comparison with roughage, then it may be advisable to feed smaller 
amounts of grain mixture than shown in these tables. 

The amounts of grain mixture advised are for mature cows during the chief 
part of the lactation period. As has been emphasized previously, the amount of grain 
mixture should be increased very gradually after a cow freshens. (926) Three weeks 
or more should be taken to get high producers on full feed. Even at that time and 
for a few weeks thereafter, high producers are often unable to consume safely as 
much grain as would be required to produce the amount of milk they are yielding. 
They therefore draw temporarily on the store of nutrients in their bodies. 

The allowance of grain should be increased somewhat over the amounts shown 
in' the tables in the case of excellent cows during the latter part of the lactation 
period, if they have run down in flesh during the height of milk production. Since 
heifers need additional feed for the growth of their own bodies, it is wise to feed 
them a trifle more liberally than shown in the tables. 

Table IXa. Grain feeding table for cows not on pasture. — The amount of the 
grain mixture that it is necessary to feed daily to any particular cow will depend not 
only on the amount of milk she gives and on its richness in fat, but also on the 
amount and quality of the roughage she consumes. Also, it will depend to some 
extent on her live weight. 

This table therefore gives recommendations for three different rates of roughage 
feeding,- as shown by the first three columns. The second column, in bold-faced type, 
gives the figures for the most common rate of feeding roughage to dairy cows. This 
rate is to feed approximately 2 lbs. of good hay daily per 100 lbs. live weight, or the 
equivalent in other good roughage (for example, 1 lb. of good hay and 3 lbs. of 
silage). 

When cows are fed very liberally on roughage of excellent quality and the al- 
lowance of grain is restricted to their needs, they will. consume per 100 lbs. live 
weight about 2.5 lbs. of hay equivalent. The first column of figures is designed to 
fit these conditions. 

The third column of figures is for use when cows are fed a scanty allowance of 
good roughage, or when they are fed as much poor roughage as they will consume 
without undue waste. This column is designed for use when cows consume only about 
the equivalent of 1.5 lbs. of good hay daily per 100 lbs. live weight. 

In using the table, first estimate approximately the number of pounds of hay 
equivalent the cows are actually consuming daily per 100 lbs. live weight, after 
deducting the wastage. In making this estimate, use the following conversion factors 
for converting the amounts of other roughages actually consumed into the equivalent 
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amounts of good hay. (Good-quality legume hay or well-cured, early-cut grass hay is 
taken as the standard.) 

Fair-quality hay 80 per cent 

Poor-quality hay; cut or shredded corn 

or sorghum stover 60 per cent 

Good silage ; potatoes 33 per cent 

Mangels; rutabagas; cabbage 20 per cent 

Oat straw ; barley straw 50 per cent 

After estimating the pounds of good hay equivalent consumed per 100 lbs. live 
weight, then use the particular one of the first three columns that most nearly fits 
the rate of roughage feeding. Go down this column to the amount of milk given 
by the particular cow, and then follow the horizontal row of figures across the table 
to the right until the column is reached for milk having the percentage of fat near- 
est to that of the milk produced by the cow. The figure in this column shows the 
pounds of grain mixture to bo fed daily to the cow. 

To illustrate the use of the table, let us assume that a cow yielding 36 lbs. of 
milk containing 3.5 per cent fat is being fed approximately 2.0 lbs. of good hay 
equivalent per 100 lbs. live weight. Wo go down the second column, which is for this 
rate of roughage feeding, until we come to the figure 36. We then go horizontally 
to the right across the table until we reach the column for 3.5 per cent fat, where 
we find the figure 10.8. Therefore this cow should bo fed 10.8 lbs. of a good grain 
mixture daily to meet her requirements. 

Adjustment for difference In live weights. — The amounts of grain mixture 
required by different cows producing the same amount and richness of milk depend 
somewhat on their respective live weights. When fed roughage at the usual rate, for 
each additional 100 lbs. a cow weighs in comparison with a smaller cow, she will 
consume approximately 2 lbs. more hay equivalent. This furnishes about 1.0 lb. total 
digestible nutrients. However, for each 100 lbs. increase in body weight, she re- 
quires for maintenance only about 0.65 to 0.70 lb. more total digestible nutrients. 
Therefore, for each 100 lbs. of additional body weight, she will have available for 
milk production approximately 0.35 to 0.30 lb. of total digestible nutrients. This will 
save about 0.4 lb. of grain mixture. 

This table and Table IXb have been computed for cows of the following average 


weights : 

For 3.0, 3.5 and 4.0 per cent milk 1,200 lbs. live weight 

For 4.5 and 5.0 per cent milk 1,000 lbs. live weight 

For 5.5 and 6.0 per cent milk 850 lbs. live weight 


There will be no important error in using the tables for cows of other weights, 
unless the difference in weight is too great. If greater accuracy is desired, 0.4 lb. 
should be deducted from the amount of grain mixture recommended in the table, for 
each 100 lbs. the weight of a given cow exceeds the standard weights shown above. 
If the weight of a cow is considerably less than these standard weights, 0.4 lb. 
should bo added to the recommended amount of grain mixture for each 100 lbs. she 
weighs less than the standard used in the table for cows producing milk containing 
the given percentage of fat. 

Table IXb. Grain feeding table for cows on pasture. — This table shows the 
approximate amounts of a good concentrate mixture, or “grain mixture,’^ required 
per head daily by cows on excellent, good, and fair pasture. The method of using 
this table is similar to that for Table IXa. 

The column of figures for excellent pasture is to be used for cows which are 
on pasture that provides an abundance of very palatable, nutritious forage. Such 
forage is furnished by usual grass pasture only during the flush of growth in late 
spring and early summer. Only pasture that is liberally fertilized and also well man- 
aged will generally furnish such pasturage later in the season. 

The second column of figures, which is for good pasture, is for use when the 
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COWS have a plentiful supply of good pasturage^ but when the pasture can hardly be 
called excellent. On such pasture the cows must be able to secure somewhat more 
feed from the pasture than they do from a full feed of good hay and average silage 
in winter. 

The third column of figures is for use when the cows are on fair pasture, but 
not on pasture that is distinctly poor. On poor pasture cows will need fully as large 
an allowance of grain mixture as when fed roughage at the rate shown in the third 
column of Table IXa. 

If a cow differs considerably in live weight from the weight used in computing 
this table, adjustments in the amount of grain mixture should be made, as previously 
stated in this explanation. 

These tables have been adapted from tables prepared by Mr. J. W. Avery, 
formerly in charge of the Central Dairy Record Club Laboratory of the New York 
State .College of Agriculture, and by Professor W. T. Crandall of the Department of 
Animal Husbandry of the New York State College of Agriculture, Cornell University. 





APPENDIX 


10 ^ 


Table IXb. Grain feeding table for cows on pasture 


Quality of pasture 

Total pounds of grain or concentrates to feed 

Excellent 

Good 

Fair 

Percentage of fat in milk 

Milk produced daily 1 

3.0% 

3.5% 

4.0% 

4.5% 

5.0% 

5.5% 

6.0% 

Lbs. 

Lbs. 

Lbs. 

Lbs. 

Lbs. 

Lbs. 

Lbs. 

Lbs. 

Lbs. 

Lbs, 

22 

13 








1.2 

24 

15 






i .2 

io 

2.3 

26 

17 





i .9 

2.2 

3.1 

3.5 

28 

19 

io 



i .6 

2.8 

3.2 

4.2 

4.6 

30 

21 

12 

1.5 

io 

2.4 

3.8 

4.2 

5.3 

5.7 

32 

23 

14 

2.3 

2.8 

3.3 

4.7 

5.2 

6.3 

6.8 

34 

25 

16 

3.0 

3.6 

4.2 

5.6 

6.2 

7.4 

8.0 

36 

27 

18 

3.7 

4.4 

5.0 

6.5 

7.2 

8.4 

9.1 

38 

29 

20 

4.5 

5.2 

5.9 

7.5 

8.2 

9.5 

10.2 

40 

31 

22 

5.2 

6.0 

6.8 

8.4 

9.2 

10.5 

11.3 

42 

33 

24 

6.0 

6.8 

7.6 

9.3 

10.2 

11.6 

12.5 

44 

35 

26 

6.7 

7.6 

8.5 

10.3 

11.2 

12.7 

13.6 

46 

37 

28 

7.4 

8.4 

9.3 

11.2 

12.2 

13.7 

14.7 

48 

39 

30 

8.2 

9.2 

10.2 

12.1 

13.2 

14.8 

15.8 

50 

41 

32 

8.9 

10.0 

11.1 

13.1 

14.2 

15.8 

17.0 

52 

43 

34 

9.6 

10.8 

11.9 

14.0 

15.1 

16.9 

18.1 

54 

45 

36 

10.4 

11.6 

12.8 

14.9 

16.1 

18.0 

19.2 

56 

47 

38 

11.1 

12.4 

13.7 

15.9 

17.1 

19.0 

20.3 

58 

49 

40 

11.8 

13.2 

14.5 

16.8 

18.1 

20.1 

21.5 

60 

51 

42 

12.6 

14.0 

15.4 

17.7 

19.1 

21.1 

22.6 

62 

53 

44 

13.3 

14.8 

16.3 

18.7 

20.1 

22.2 

23.7 

64 

55 

46 

14.1 

15.6 

17.1 

19.6 

21.1 

23.3 

Reeard- 

66 

57 

48 

14.8 

16.4 

18.0 

20.5 

22.1 

1 less of the 

68 

59 

50 

15.5 

17.2 

18.9 

21.4 


amount of grain 

7 Q 

72 

61 

63 

52 

54 

16.3 

17.0 

18.0 

18.8 

19.7 

20.6 

22.4 

23.3 

theoretically required 
by a cow, she should not 

74 

65 

56 

17,7 

19.6 

21.4 

be fed more than she can safely 







1 handle. 
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Table X. Estimating Weights of Dairy Cattle from Heart 

Girths 

In computing balanced rations for dairy cows and other dairy cattle, it is 
necessary to know their approximate live weights. If one does not have suitable 
scales available for weighing the cattle, their weights can be estimated approximately 
from a measurement of the heart girth. 

The following table shows the estimated live weights of dairy cattle having 
various heart girths, as determined in tests by Kendrick and Parker of the Bureau 
of Dairy Industry, United States Department of Agriculture.* In finding the heart 
girth, an accurate tape measure should be placed around the animal directly back of 
the front legs. The animal should stand squarely on all four legs. 

Cattle that are fat will tend to weigh somewhat more than indicated in this table 
for the particular heart girth, and those that are thin, somewhat less. A similar 
table has recently been published by Ragsdale of the Missouri Station, in which 
the estimated live weights for a given heart girth are somewhat lower than here 
shown, especially for the animals of larger size.* 


Heart girth 

Estimated 

live 

weight 

Heart girth 

Estimated 

live 

weight 

Heart girth 

Estimated 

live 

weight 

Inches 

Lbs. 

Inches 

Lbs. 

Inches 

Lbs. 

25 

76* 

48 

354 

71 

1,027 

26 

80 

49 

374 

72 

1,069 

27 

84 

50 

394 

73 

1,111 

28 

89 

51 

414 

74 

1,153 

29 

95 

52 

434 

75 

1,197 

30 

101 

53 

456 

76 

1,241 

31 

108 

54 

478 

77 

1,286 

32 

118 

55 

501 

78 

1,331 

33 

128 

56 

526 

79 

1,377 

34 

138 

57 

552 

80 

1,423 

35 

148 

58 

579 

81 

1,469 

36 

158 

59 

607 

82 

1,515 

37 

168 

60 

637 

83 

1,561 

38 

180 

61 

668 

84 

1,607 

39 

192 

62 

700 

85 

1,653 

40 

208 

63 

732 

86 

1,699 

41 

224 

64 

766 

87 

1,745 

42 

240 

65 

800 

88 

1,791 

43 

257 

66 

835 

89 

1,837 

44 

275 

67 

871 

90 

1,883 

45 

294 

68 

908 

91 

1,929 

46 

314 

69 

947 

92 

1,975 

47 

334 

70 

987 




*£!8timated. Not included in original table. 


* Kendrick and Parker, U. S. Dept, of Agr., 
Letter, Dec., 1934. 

* Ragsdale, Mo. Bui. 354. 


mimeo. rpt. and Dairy Herd -Improvement Assoc. 
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Abomasum, 23 

Absorption of nutrients, 26-9 
Acid-base balance. 121 
Acid, effect on digestibility of feed, 69 
Acid in gastric juice, 30 
Acorns, 403 
Adrenal glands, 36 
Age, influence on gains of beef cattle, 
642-6 : sheep, 735 ; 
swine, 808-10 

Age, Influence on milk yield of cows, 512 
Air required by farm animals, 83-4 
Alba blood, 392 
Albumin in milk, 509 
Alcohol by-product feed, 400 
Alfalfa, 251-8 

as a soiling crop, 258 
compared with other forages, 251 
types of, 252 
Alfalfa hay, 251-6 

for beef cattle, 678-9 ; beef cows, 
703 ; dairy calves, 600 ; 
dairy cows, 537-8 ; dairy 
heifers, 613; ewes, 782; 
horses, 455 ; pigs, 905-9 ; 
sheep, 761; swine, 905-9 
ground ; see Alfalfa meal 
in place of concentrates for dairy 
cows, 496-9, 636, 638 
making, 214-21 
quality of protein in, 99-100 
stage to cut, 253-4 
value of different cuttings, 254 
yield compared with other crops, 251 
Alfalfa leaf meal, 256 ; for swine, 909 
Alfalfa meal, 256 ; for beef cattle, 649-50 ; 

dairy cows, 638 ; horses, 
436-7 ; sheep, 743; swine, 
905-9 

Alfalfa-molasses feeds, 398 ; for beef 

cattle, 667 ; dairy cows, 538 ; 
sheep, 762 

Alfalfa pasture, 257 ; for beef cattle, 694 ; 

dairy cows, 653 ; horses, 

457 ; sheep, 772 ; swine, 897-8 
Alfalfa seed screenings, 378 
Alfalfa silage, 236-7 ; 258 
Alfalfa stem meal, 256 ; for swine, 909 
Alfalfa straw, 274 
Alimentary canal, 23 
Alsike clover ; see Clover, alsike 
Amids, 12 

Amino acids, 10-12, 90-3 

absorption from intestine, 29 
deaminization of, 34 
essential, 11, 90-1 
protein formed from, 10 
Amylase, 32 
Anemia, 117-8 

of suckling animals, 117-8 
preventing in suckling pigs, 823-4 
Animal, as a machine, 171-2 
Animals, composition of, 18-9 
Animals and plants compared, 18 
Apples, 318 
Apple pectin pulp, 401 
Apple pomace, 401 
Apple pomace silage, 401 
Armsby feeding standards, 186 
Armsby net energy values, 49-56 
Artichokes, 315 


are to Pages 


Ash ; see Mineral matter 

Ashes, wood, as a mineral supplement, 112 

Atlas sorghum, 352 

Atlas sorghum grain, 352 ; for sheep, 

755-6 ; swine, 863 
Available energy, 48 

Babassu oil meal, 403 

Baby beef, 716-8 

Bacon hogs, 838 ; see Swine 

Bacon production, 844 

Bacteria, action in digestion, 27-8, 31 

Bagasse, sorghum, for silage, 236 

Bagasse, sugar-cane, 303 

Bahia grass, 304 

Bakery waste, 403 

Balanced ration, 20 ; see Ration 

Barley, 346-50 

for beef cattle, 661 ; dairy calves, 599 ; 

dairy cows, 627 ; horses, 449 ; 
sheep, 763 ; swine, 867 
malted, 348 

quality of protein in, 96 

scabbed, 321 

see Cereal grains 

Barley by-products in brewing, 848 

Barley bran, 350 

Barley feed, 350 

Barley hay, 298-9 

Barley pasture and soilage, 298-9 

Barley straw, 305 ; see Straw 

Barrows and sows, gains of, 841 

Beans, cull, 376 

Beans, fleld, 272, 376 

quality of protein in, 98 
Beans, horse ; see Horse bean 
Beans, hyacinth, 273 
Beans, moth, 272 
Beans mung, 272 
Beans, pinto, 272 
Beans, table ; see Beans, field 
Beans, tepary, 272 
Beans, velvet ; see Velvet bean 
Bean straw, 272, 274 
Bedding for livestock, 418-9 
Beef calves; see Calves, beef 
Beef cattle, 622-732 

(For the value of the dif- 
ferent feeds for beef cattle, 
see the various feeds ; i. e.. 
Corn; Corn silage; etc.) 
age, influence on gains, 642-6 
baby beef, 716-8 
balancing rations, 624-8 
beef blood, value, 637-42 
bull, feed and care of, 704 
calcium requirements, .629, B81, 688 
calculating rations for, 623, 701-2, 708, 
725-6 

calves vs. older cattle, 644-6 
chopping roughage for, 649-51 
composition at different ages, 18-9, 
151-2 

composition of gain during fattening, 
151 

concentrates, amount to feed during 
fattening, 632-5 

concentrates, feeding on pasture, 714 
confinement vs. open shed for, 652 
correcting deficiencies of cereal 
grains for, 667 
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Beef Cattle, continued 

cost of beef production, 720-4 
cost of keeping beef cows, 720-2 
counsel in the feed lot, 725-9 
cows ; see Cows, beef 
dehorning, 653 

dressed carcass, yield of, 637 
early maturity of beef breeds, 638 
equipment for cattle feeding, 726 
establishing a beef herd, 700 
exercise for, 652 
fat of, effects of feeds upon, 153 
fattening cattle of various ages, 642-6 
fattening, methods of, 712-20 
fattening on pasture, 712-6 
fattening on roughage, 679 
fattening on small amount of 
concentrates, 632-5 
fattening range cows, 720 
feed consumed from birth to 
maturity, 642-4 
feeds for, 657-99 

feeding exclusively on concentrates. 
85 

feeding standards for, Appendix 
Table III 

finish, degree of, effect on cost of 
gain, 646-8 

frequency of feeding, 726 
getting on feed, 726 
grinding grain for, 649 
grinding roughage for, 649 
growth, normal, 712 
growth under adverse conditions, 
147-9 

heifers vs. steers, 648 
heifers, raising, 710-2 
length of feeding period, 644-8 
loose, vs. tied, 652 
margin required in fattening, 635-7 
market grades compared, 639-41 
mineral requirements, 628-31 
nutrient requirements, 622-35, 657 
pasture for fattening, 712-6 
paved feed lots for, 653 
phosphorus requirements, 630 
pigs following, 728 
preparation of feed for, 649-51 
production of baby beeves, 716-8 ; fat 
calves, 716 ; fat two-year 
olds, 719 ; fat yearlings, 718 
production on western ranges, 719 
protein requirements, 624-8, 658, 688 
protein supplements, 668-77 ; 

combinations of, 676 
purebred or grades vs. scrubs, 637-42 
quality, value of, 637-9 
raising, 704-12 

rations for fattening, 725, Appendix 
Table VII 

returns from, compared with other 
farm animals, 157-9, 165 
roughage necessary for, 632 
roughages for, 677-95 
salt requirements, 628 
self-feeding, 651 
shelter for, 651 
shipment, preparing for, 728 
shrinkage In shipping, 728 
silage for, 687-93 
steers vs. heifers, 648 
succulent feeds for, 687-95 
summer care, 700 
sftmmer vs. winter feeding, 712-4 
tied vs. loose, 652 
vitamin requirements, 631 
water required by, 632 
weight, variations In, 653 
wintering breeding cattle, 702-4 
wintering growing cattle, 706-10 
Beef cows; see Cows, beef 
Beef production ; see Beef cattle 
Beet, mangel; see Mangel 


Beet, sugar; see Sugar beet 
Beet leaves ; see Beet tops and leaves 
Beet molasses ; see Molasses, beet 
Beet pulp, dried, 397 ; for beef cattle, 667 ; 

dairy calves, 599 ; dairy 
cows, 529 ; horses, 451 ; 
sheep, 757 

Beet pulp, dried, molasses, 398, for beef 
cattle, 667 ; dairy cows, 529 ; 
sheep 757 

Beet pulp, wet, 397 ; for beef cattle, 667 ; 

dairy cows, 552 ; horses, 458 ; 
sheep, 770 ; swine, 905 
Beet pulp silage, 397 
Beet sugar by-products, 394, 396-8 
Beet tops and leaves, 311 
silage from, 311 
Beggar weed, 273 
Bermuda grass, 302 
Bermuda hay, 302; for horses, 454 
Berseem, 265 
Big neck, see Goiter 
Bile, 32 

Bloat, in ruminants, cause of, 28, 257 
how prevented, 257, 772 
Blood, circulation of, 24 
Blood meal, or dried blood, 391 ; for 

calves, 600, 608 ; horses, 453"^ 
quality of protein in, 98 
Blood meal, soluble, 392, 608 
Bluegrass, Canada, 297 
Bluegrass, Kentucky, 295 
Bluegrass pasture for beef cattle, 694, 
712-6; dairy cows, 554; 
horses, 457; sheep, 772; 
swine, 902-3 
Bluejoint, 300 

Boar, feed and care of, 929 
Body temperatures of farm animals, 72-75 
Body waste, disposal of, 29, 36 
Bonavist, 273 

Bone building in young animals, 104,146 
Bone black, spent, or bone char, 113 
Bone meal, 112-3 ; for beef cattle, 631 ; 

dairy calves, 593 ; dairy 
cows, 501 ; horses, 434 ; 
sheep, 740-2 ; swine, 822 

raw, 112 
steamed, 112 

Bones, weak because of lack of minerals, 
109-11 

Botulism, 321 

Bran ; see Wheat bran ; Rice bran ; etc. 
Bread, stale, 403 

Brewers’ grains, dried, 348 ; for dairy 
cows, 533 ; horses, 453 
Brewers' grains, wet, 349 ; for dairy 
cows, 533 

Brewers’ yeast, dried, 400 
Brome grass, 297 
Brome hay, 297 ; for horses, 454 
Brood mare ; see Mare, brood 
Brood sow ; see Sow 
Broom corn, 287 
Broom corn seed, 353 
Buckwheat, 356-7 ; for swine, 863 
Tartary, 357 
Buckwheat bran, 357 
Buckwheat feed, 357 
Buckwheat hulls, 357 ; for bedding, 419 
Buckwheat middlings, 357 
Buckwheat straw, 306 
Bull, beef, feed and care, 704 
Bull, dairy, 616-9 

feed and care, 617-9 
selection, 616 

Butter, effects of coconut oil meal on, 
380 ; cottonseed meal on, 362, 
531; linseed meal on, 530; 
soybeans on, 532; various 
feeds on, 516 

Butter, yellow color caused by carotene, 
520 

Butter fat; see Milk 
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Buttermilk, 387 ; for dairy calves, 604 ; 

pigs, 869-73; sows, 923 
Buttermilk, condensed or seml-solld, 388 ; 

for dairy calves, 604-5 ; pigs, 
874 

Buttermilk, dried, 388 ; for dairy calves, 
600; pigs, 874 

Cabbage, 316 
Cacti, 320 
Caecum, 23, 33 
Calcium, 12, 104-12 

content of various feeds, 105, 
Appendix Table I 

effect of deficiency in ration, 107-11 
in farm animals, 13, 19 
in legume forage, 106 
required by various animals ; see 
Cows, dairy ; Swine, etc. 
required for fattening, 154-5; growth, 
104, 146 ; maintenance, 82 ; 
milk production, 104, 166 ; 
pregnancy, 150 

requirements of farm animals, 104-12 
supplements, 111-2 
see Minerals 

Calcium carbonate as a calcium 
supplement, 112 
Calcium-phosphorus ratio, 109 
Calf meals, 605-9 
Calorie, 48 
Calorimeter, 47 

respiration, 47 
Calves, beef, 704-12 

creep-feeding, 705-6 
feed and care of, 704-9, 710 
wintering, 706-8 
Calves, dairy, 590-616 

(For the value of the 
various feeds for calves, see 
the different feeds ; i.e., 
Corn; Oats; etc.) 
birth weight, 614-5 
calcium requirements, 592 
calf meals, 606-8, 609 
concentrates for, 598-600 
cost of rearing, 616 
feeding concentrates only, 85 
feeding standards, 590, Appendix 
Table III 

grinding grain for, 599 
hay for, 600 

Importance of raising good, 690 
mineral requirements, 592 
new-born, care of, 595 
normal growth, 614-5 
nutrients required by, 590 
pasture for, 601 

percentage of nutrients stored by, 141 
phosphorus requirements, 592 
precautions In rearing, 697 
protein requirements, 590-1 
raising on buttermilk, 604 ; dried 

skimmllk or buttermilk, 604 ; 
dry calf meals, 605-8 ; calf 
pellets, 608; gruels, 609; 
minimum amount of milk, 
605-8 ; nurse cows, 605 ; 
skimmilk, 602-4 ; whey, 604 
rich and poor milk for, 144, 597 
salt for, 592 
self-feeding, 609 
starting on whole milk, 696 
succulent feeds for, 601 
total digestible nutrient requirements, 
691 

vitamin requirements, 693 
water requirements, 596 
Canada field peas ; see Pea, field 
Cane molasses ; see Molasses, cane 
Cane sugar, 5 
Capillaries, 24 
Carbohydrates, 3-7, 17 
absorption, 27 


Carbohydrates, continued 
digestion, 26-7 
formation in plants, 4 
in animal body, 4, 27 
Carbon dioxide, 4 

danger from. In silo filling, 239 
elimination from body, 37 
produced in oxidation of nutrients, 35 
Carbonic acid gas ; see Carbon dioxide 
Carcass ; see Dressed carcass 
Carob beans, 379 
Carotene, 9 

causes color of butter fat, 620 
source of vitamin A, 124 
Carotenes, 9 
Carpet grass, 303 
Carrots, 312; for horses, 459 
see Roots 

Casein in milk, 509 

quality of protein in, 97 
Cassava, 315 
Cassava meal, 403 

Cattle ; see Beef cattle ; Cows, dairy ; 

Calves ; etc. 

Cellulose, 6-7 

digestion, 27-8 
nutritive value, 7, 28 
Cereal forage. 298 

Cereal grains and their by-products, 
326-56 

nutritive characteristics, 326, 657, 850 
quality of protein in, 96 
see Corn ; Oats ; etc. 

Cereal hay, 298 ; for beef cattle, 683 ; 
horses, 453 

Cereal pasture, 298 ; for sheep, 773 ; 

swine, 903 
Cereal silage, 236, 299 
Chaff from the cereals, 305 
Chaffing hay or straw ; see Chopping hay 
Charcoal as a mineral supplement, 120 ; 

for pigs, 825 
Cheese meal, 389 
Chick peas, 379 

Chlorine requirements of livestock, 103-4 
Chlorophyll, 9 
Cholesterol, 8-9 

Chopping hay or other roughage, 61-2 
see Cows, dairy; Sheep, etc. 

Chufas, 315 
Chyle, 29 

Circulation of blood and lymph, 24-5 
Citrus fruit by-products, 402 
Clam shells, ground, as a calcium 
supplement. 111 

Climate, Influence on composition of 
feeds, 65 
Clover, 258-65 
' alsike, 261 
bur, 265 

combined with timothy, 258, 294, 457 
crimson, 264 
Egyptian, 265 
hop, 265 

Japan ; see Lespedeza 
Ladino, 261 
mammoth, 261 
Clover, red, 258-61 

as a soiling crop, 260 
methods of making hay from, 214-22 
pasture, 260 
silage, 261 
sources of seed, 269 
stage to cut for hay, 260 
Clover, subterranean, 265 
Clover, sweet, 262-4 

as a soiling crop, 264 
for hay, 263 

for pasture, 262 ; for beef cattle, 694 ; 

dairy cows, 553 ; horses,- 457 ; 
sheep, 772 ; swine, 899 
Clover, white, 261 ; 899 
Clover hay, alsike, 261 ; for dairy cows, 
539 ; sheep, 762 ; swine, 829 
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Clover hay, crimson, 264 

Clover hay, Japan ; see Lespedeza hay 

Clover hay, red, 260 ; for beef cattle, 679 ; 

dairy calves, 600 ; dairy 
. cows, 639; ewes, 782; 
horses, 455 ; sheep, 762; 
swine, 910 

quality of protein In, 99-100 
Clover hay, rich in calcium, 106, 248 
Clover hay, sweet, 263 ; for beef cattle, 

681 ; dairy cows, 639 ; sheep, 
762; swine, 910 

Clover pasture for beef cattle, 694 ; 

dairy cows, 553 ; horses, 457 ; 
sheep, 772 ; swine, 898 
Clover seed sOreenings, 378-9 
Clover silage, 261, 236-7 
Clover straw, 274 
Cobalt required by animals, 116-7 
Cocoa meal,* 381 
Cocoa shells, 382 
for bedding, 418 
Coconut oil meal or cake, 379 
quality of protein in, 99 
Coconuts, 380 

Cod-liver oil, as source of vitamin D. 130 
Cod-liver , oil, effect on herbivora, 131-2 
Coefficients „of digestibility; see Digestion 
coefficients 
Colostrum, 144 
Colts ; see Foals 
Comfrey, prickly, 319 
Commercial mixed feeds, 406-6 ; for beef 
cattle, 667 ; dairy cows, 405 ; 
swine, 864 
Common salt; see Salt 
Composition of feeding stuffs, 13-18, 

• Appendix Table I 
factors Innuenclng, 64-6 
Concentrate mixture, finding formula for, 
179-81 

Concentrates, 17 

adapting amount fed to local 
conditions, 200 

feeding herbivora exclusively on, 85 
proper amount for dairy cows, 496-9, 
689-62 ; fattening cattle, 
632-5 ; fattening lambs, 799 ; 
horses, 432, 461 ; pigs, 830-5 
Condition powders, 408 
Cooking feed, 62, 836 
Copper, required by animals, 116-8 
Corn, Indian, 277-86, 327-35 
as a forage crop, 277-86 
as a soiling crop, 285 
by-products of, 332-6 
cattllng-down, 661 

composition and nutritive value, 328, 
329 

development of nutrients in, 279 
ear, for beef cattle, 659 ; horses, 
447-9; sheep, 752; swine, 

853- 4 

feeding exclusively to pigs, 155-7 
field feeding to lambs, 801 ; pigs, 

854- 6 

for beef cattle, 659-61 ; dairy calves, 
699 ; dairy cows, 626-7 ; 
horses, 447-9; sheep, 750-2 ; 
swine, 851-7 
grades of shelled, 331 
ground, 332 ; for beef cattle, 659, 660 ; 

dairy cows, 626 ; horses, 447 ; 
sheep, 752 ; swine, 853-4 
hogging-down, 854-6 
kbrnel, composition of different parts, 

lambing-down, 801 

nutrients in grain and stover, 278 

preparation 69-64), 832 ; for beef 

cattlO, 659-61 ; dairy calves, 
699 ; daln^ cows, 526 ; sheep, 
752; gwine, 863-6 
quality of protein in, 96 


Corn, Indian, continued 

removing ears before ensiling, 283-4 
shelled, for dairy calves, 699 ; beef 
cattle, 660 ; horses, 447 ; 
sheep, 762 ; swine, 853-4 
shock, 277 ; for beef cattle, 683 ; 

sheep, 752, 765 
shapped, for beef cattle, 660 
soaking, 62-3 ; for pigs 836 
soft, 331 ; for beef cattle, 660-1 ; 
swine, 857 

storage and shrinkage, 330 
sweet, characteristics, 329 
thickness of planting, 278 
weight per bushel, 329 
yellow, rich in vitamin A, 126, 328 
yellow versus white for beef cattle, 
659 ; dairy cows, 526 ; sheep, 
751 ; swine, 853 
see Corn crop 

Corn-and-cob meal, 330 ; for dairy cows, 
526 ; beef cattle, 660 ; horses, 
448; sheep, 752; swine, 
853-4 

Corn-and-oat feed, 339 
Corn bran, 333 
Corn chop, 332 
Corn cobs, 330 

Corn crop, development of nutrients in, 
279 

losses in field curing, 234 
nutrients in grain and stover, 278 
yield of nutrients per acre, 251 
Corn distillers’ grains, dried ; see 

Distillers’ grains, dried, 
corn 

Corn feed meal, 332 
Corn fodder, 277, 284 

for beef cattle, 683 ; beef cows, 702; 

dairy cows, 644 ; horses, 464, 
sheep, 765 

green, as a soiling crop, 285 
pulling fodder, 285 
shocking or stocking, 284 
shredding, 285 

versus corn silage for beef cattle 
683-4 ; dairy cows, 647 ; 
sheep, 765 
Corn fodder silage, 283 
Corn forage, 277-86 
composition, 280 

Corn germ meal, 335 ; for swine, 892 
Corn gluten feed, see Gluten feed 
Corn gluten meal, see Gluten meal 
Corn kernel, parts and composition, 331 
Corn meal ; see Corn, preparation 
Corn oil meal, or corn oil cake, 333 ; for 
swine, 892 
Corn silage, 280-3 

for beef cattle, 687-91 ; beef cows, 
702-3 ; dairy calves, 601 ; 
dairy cows, 546-60; dairy 
heifers, 614; ewes, 782; 
horses, 468 ; sheep, 766-9; 
swine, 906 

removing ears from corn before 
ensiling, 284, 650, 691 
versus corn fodder for beef cattle, 
683-4 ; dairy cows, 547 ; 
sheep, 765 

versus hay for beef cattle, 689-91 ; 
dairy cows, 648 ; sheep, 
766-8 

versus roots, 310 ; for beef cattle, 
693-4 ; dairy cows, 551-2 ; 
sheep, 769-70 

versus soiling crops, 243; . for dairy 
cows, 553 
see Silage 

Corn smut, feeding experiments with, 321 
Corn stover, 278, 284 

for beef cattle, 684 ; beef cows, 702 ; 
dairy cows, 644 ; horses, 464 
sheep, 765 
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Com stover, continued 
tor bedding, 418 
shredded, 285 
sweet, 285 

Corn stover silage, 283 ; for beef cattle, 
691; beef cows, 703; dairy 
cows, 550 
Com, sweet, 285 

canning-factory waste, 286 
stover, 285 

Cost of feeds, considering in computing 
rations, 184, 191-200 
Cottonseed, 360-6 

whole-pressed, 365 ; for beef cattle, 
670 

Cottonseed cake ; see Cottonseed meal or 
cake 

Cottonseed cake, cold-pressed, 365 
Cottonseed feed, 365 ; for beef cattle, 671 
Cottonseed hulls, 366 ; for beef cattle, 686 ; 

dairy cows, 545; sheep, 766 
Cottonseed meal or cake, 360-4 

for beef cattle, 668-70; dairy calves, 
599 ; dairy cows, 363, 631 ; 
horses, 452; sheep, 757; 
swine, 884-6 
grades, 361 

quality of protein in, 98 
Cowpea-and-corn silage for beef cattle, 
693 ; dairy cows, 551 
Cowpea hay, 268 ; for beef cattle, 680 ; 

dairy cows, 641 ; horses, 467 ; 
sheep, 763; swine, 910 
Cowpea pasture, 268, for pigs, 902 
Cowpeas, 268, 376; for dairy cows, 534; 
horses, 452 

Cowpeas for forage, 268-9 
Cows, beef, 700-4 

cost of keeping, 720-2 
feed and care, 700-4 
feed requirements, 701 
feeding standards, 702, Appendix 
Table III 
wintering, 702-4 
see Beef cattle 
Cows, dairy, 478-589 

(For the value of various 
feeds for cows, see the 
different feeds ; i. e., Corn ; 
Clover hay; etc.) 
acetonemia, 572 
advanced registry, 484 
annual feed requirements, 677-81 
as producers of human food, 157-169, 
478 

balanced rations essential, 486, 559 
building a profitable herd, 484-5 
bulkiness of concentrate mixture, 663 
calcium requirements, 500-4 
calculating rations, 195-200; 559-62 
calving time, 571-3 
care before and after calving, 668-73 
cause of differences in efficiency, 480 
comfort, importance, 564 
concentrate allowance, 495-9, 659-62 
concentrates for, 525-34 
cost of milk production, 577-82 
cow testing associations, 483 
culling is important, 482 
cutting or grinding hay, 508 
dairy herd-improvement associations, 
483 

dairy record clubs, 483 
dairy vs. beef type, 478 
dehorning, 618 
dry cows, feed for, 669 
dry period important, 668 
drying off, 668 

economical feeding essential, 625 
economy of, 167-9, 478 
effect on yield and composition of 
milk, of various factors, 
167-9, 510-20 ; of abortion, 
518 ; age of cow, 512 ; 
condition at calving, 613 ; 


Cows, dairy, effect on yield and composi- 
tion of milk, continued 

cattle ticks, 519 ; dehoming, 
518 ; drugs and hormone 
extracts, 519 ; exercise, 618 ; 
feed, 616-7 ; frequency of 
milking, 512; grooming, 618; 
individuality, 610 ; milking 
machines, 567 ; night and 
day, 612 ; period between 
milkings, 512 ; period of heat, 
618 ; portion of milking, 511 ; 
season of freshening, 517 ; 
season of year, 517 ; size of 
cow, 513 ; stage of lactation, 

616 ; stage of pregnancy, 

515 ; turning to pasture, 518 ; 
temperature and humidity, 

617 ; thorough milking, 511 ; 
underfeeding or overfeeding, 
614 ; weather, 617 

exercise for, 518, 666 
fat requirements, 165-1 66,- 494 
feed and care, 559-76 
feed and care of test cows, 682-8 
feed required by, for 1 year, 678-81 
feeding as individuals, 481, 661 
feeding chiefly or entirely on 
roughage, 496-9 

feeding standards, 486-91; 495-6; 

Appendix Table III 
feeding solely on concentrates, 85 
feeding on pasture, 673-5 
feeds for, 525-58 
flies and fly sprays, 565 
frequency of calving, 670 
frequency of feeding, 666 
frequency of milking, 612 
freshening in fall vs. spring, 617- 
gestation period, 570 
grain feeding tables, 659-62 ; 

Appendix Table IX 
grinding grain for, 60, 608 
grooming, 518 

high producers are economical 
producers, 479 
kindness in care of, 568 
liberal feeding of good cows pays, 498 
loose-stabling method, 666 
milk; see Milk, cow’s 
milk fever, 672 
milking, 566 
milking machines, 667 
mineral requirements, 600-4 
nutrients required by, 164-7, 486-508 
official tests, 484, 582-8 
order of feeding, 666 
overfeeding, 514 
palatable feed, importance, 662 
pasture, supplementing scanty, 676 
phosphorus requirements, 600-4 
preparation of feecT for. 608 
profitable and unprofitable, 479-83 
protein requirements, 487, 488-94 
purebreds vs. grades, 481 
rations, selecting, 195-200 ; 659-62 
rations should be laxative, 564 
records of production important, 483 
regularity in care, 668 
requirements for maintenance, 487 ; 

pregnancy, 487 ; production, 
488-96 

roughage, restricting, 499 

roughages for, 634-64 

salt for, 604 

self-feeding, 499 

shelter for, 564 

size of herd, 582 

soaking feed for, 508 

succulent feeds. Importance, 646, 563 

succulent feeds for, 646-54 

test cows, feed and care, 682-8 

tests, official, 484, 546-54 

tests, unreliability of short, 614, 682 

thumb rules for feeding grain, 561 
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Cows, dairy, continued 

total digestible nutrient requirements, 
495 

trimming hoofs, 666 
tuberculin testing, 519 
underfeeding, effect, 481, 614 
use of feed by, 478 
value of concentrates and hay, 499 
variety in ration, 662 
vitamin requirements, 604-6 
water for, 606 

weed out unprofitable cows, 482 
weights, table for estimating. 
Appendix Table X 
see Heifers ; Milk, cow’s 
Cows, dual-purpose, feeding, 704 
Cow-testing associations, 483 
Creep, for beef calves, 706-6; lambs, 787, 
788-9; pigs, 937 

Crimson clover; see Clover, crimson 
Crotalaria, 273 
Crude fiber; see Fiber 
Crude protein p see Protein, crude 
Crushing grain ; see Grinding grain 
Cud, chewing the, 26 
Cull beans ; gee Beans 
Cutting hay and straw ; see Chopping 
hay and straw 

Dairy by-products ; see Skimmilk ; 

Buttermilk; Whey 
Dairy calves ; see Calves, dairy 
Dairy cows ; see Cows, dairy 
Dairying ; see Cows, dairy 
Dallis grass, 303 
Darkness ; see Light 
Darso, 288 

Darso grain, 362 ; for beef cattle, 665 ; 

sheep, 766-6 ; pigs, 863 
Deaminization of amino acids, 34 
Dextrine, 6 
Diastase, 348 

Dicalcium phosphate, 113 
Digestibility, 40-45 

coefficients of ; see Digestion 
coefficients 

determining, 40-42, 46 
of feeds by horses, 70, 429 ; 

ruminants, 70; swine, 70 
of forages affected by maturity, 204 
of ground and whole grain, 59-60 
Digestible nutrient, 20 
Digestible nutrients in feeding stuffs, 
42-43, Appendix Table I 
Digestion, 22-23 

heat evolved In, 48-61 
in caecum of horse, 23, 33 
in intestines, 31-33 
in mouth, 30 
in stomach, 30-31 
work of, 48-61 

Digestion coefficients, 41-42, Appendix 
Table I 

Digestion trials, 40-42 
limitations of, 44-45 
Digestive tracts of farm animals, 23 
Distillers’ grains, dried, corn, 399 ; for 
daily cows, 633 ; horses, 

453 ; swine, 893 

Distillers’ grains, dried, rye, 400 ; for 
dairy cows, 633 

Distillery slop, 400 ; for pigs, 893 
Draft;; energy expended by horses in, 427 
Dressed carcass, percentage yielded by 

beef cattle, 637 ; sheep, 746 ; 
swine, 810 

Dried beet pulp ; see Beet pulp, dried 
Dried blood; see Blood meal 
I>ried brewers’ grains; see Brewers’ 
grains, dried 

Dried distillers’ grains ; see Distillers’ 
grains, dried 

Dried skimmilk; see Skimmilk, dried 


Dry matter in feeds, 14, Appendix Table I 
Durra, 288, 362 

Earth nut ; see Peanut 
Economy in feeding livestock, 191-203 
Economy of production by various 
animals, 157-9 

Emmer, 365 ; for swine, 863 
Energy, 46-67 

available, 48-60 

for work, source of, 169 

gross energy of feeds, 47-8 

metabolizable, 48-50 

muscular, production of, 169-72 

net, 49-66 ; see Net energy 

of feeds, losses in digestion, 45-51 

see Work 

Engine compared with animals, 172, 
428-9, 441 

Ensilage ; see Silage 
Enzymes, 22 
Erepsin, 32 
Ergosterol, 8, 129 
Ergot, 321, 861 
Esophagus, 23 
Essential oils, 9 
Ether extract ; see Fat 
Ewes, breeding, 778-91 

breeding ewe lambs, 778 
breeding time, 779 
concentrates for, 782 
cost of keeping, 790 
date of lambing, 779 
feed and care before and after lamb- 
ing, 784-6 

feed and care, 778-87 
flushing, 779 
gestation period, 779 
lambing time, 784 
milking qualities, 786 
pregnancy disease, 783 
roughages for, 781-2 
selecting, 778 
succulent feeds for, 782 
wintering, 781-4 
Ewe’s milk, 786 
Excrement ; see Manure 
Exercise for farm animals, 86 ; for beef 
cattle, 652; brood sows, 928; 
dairy cows, 566; ewes, 746; 
fattening sheep, 746; swine, 
838 

Exposure for dairy cows, 517, 666 ; fatten- 
ing cattle, 651-2; fattening 
lambs and sheep, 744-5 

Farm animals ; see Horses ; Cows, dairy ; 

etc. ; calculating rations for, 
176-85; 191-200; composition 
of bodies, 18-19; relative 
economy of different animals, 
157-9 ; see Livestock 

Farming, adapt type of, to local condi- 
tions, 200-2 

Farm manure ; see Manure 
Fat, 7-8 

absorption, 29 

are certain fatty acids essential for 
animals, 86 
digestion, 29 

how determined in feeds, 16-16 
in animal body, 18-19 
in milk, factors influencing composi- 
tion and yield, 167-9, 509-20 
in plants, 7-9 
origin in body, 152 , 
requirement for milk production, 166-6 
source of, in milk, 166 
Fatten animals to meet demands of mar- 
ket, 201 

Fattening, 160-9 

composition of increase during, 161-2> 
factors influencing, 166 
mineral requirements for, 154 
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Fattening, continued 

nutritive requirements for, 153-5 
object of, 150 

protein requirements for, 154 
total digestible nutrient requirements 
for, 153 

vitamin requirements for, 154 
Fattening qualities of various animals 
compared, 167-9 
Fatty acids, 8 

are certain fatty acids essential, 85 
Fatty tissues, storage of ; see Fattening 
Feces, 29-30 

energy lost In, 48-51 
Feed, consumed by various classes of ani- 
mals ; see Horses ; Cows ; etc. 
Feed, effect of amount consumed on utili- 
zation, 67-8 

Feed, factors affecting value of, 67-70 
Feed, Inspection and control, 66-7 
Feed, preparation for farm animals ; see 
Dairy cows ; Sheep ; etc. 
Feed, returns from, by various farm 
animals, 157-9 
Feeding standards, 176-89 
Armsby, 186 

feeding standards only approximate 
guides, 183 

for various classes of stock ; see 
Cows, dairy ; Horses ; etc. 
history of, 185-9 
Kellner, 186 

Morrison, 176-8.3, 188-9, Appendix 

Table III 

Wolff- Lehmann, 185 
Feeding stuffs, 204-421 

commercial mixed, 405-7 
composition, 13-18, Appendix Table I 
considering cost in computing rations, 
191-200 

determining values by feeding experi- 
ments, 39-40 

determining which are cheap, 192-200 
digestible nutrients in, 40-5, Appendix 
Table I 

fertilizing constituents in, 412-6, Ap- 
pendix Table I 

for various classes of animals ; see 
Beef cattle ; Sheep ; etc. 
guarantees of composition, 17, 66-7 
guides in purchasing, 39, 66 
home mixing, 407 
inspection and control, 66 
market prices often not guide to 
value, 191 

measuring usefulness, 39-57 
minerals in, 16, 101-21, Appendix Ta- 
bles I and IV 
mixed, 405-7 

net energy values, 49-55, Appendix 
Table II 

selecting for economical rations, 191- 
200 

valuing by Petersen method, 194-9 
variations in composition, 64-6 
see Feed 

Feeds ; see Feeding stuffs ; al.so Feed 
Peed units, Scandinavian, 56-57 
Fertility, buying, in purchased feeds, 416 
Fertility, selling, in crops, 415 
Fertilizers ; see Manure 
Fertilizing constituents in feeding stuffs, 
412-5 ; Appendix Table I 
Fertilizing values of feeds, recovered in 
manure, .413 

Fermenting feed for stock, 63 
Peterita, 288 

Feterita grain, 352 ; for beef cattle, 665 ; 

sheep, 765 ; swine, 862 
Fiber, in feeds, 7, 16 
digestion, 27, 31 
how determined in feeds, 16 
Field bean ; see Bean, field 
Field peas ; see Peas, field 


Filly, age to breed, 467 
see Foals ; Horses 

Fish meal, 392-4 ; for beef cattle, 393-4 ; 

dairy calves, 600 ; dairy 
cows, 634 ; sheep, 760 ; swine, 
878-80 

quality of protein in, 97 
Flax oil-feed cake, unscreened, 369 
Flax plant by-product, 369 
Flax screenings oil feed, 369 
Flax straw, 306 
Flaxseed, 367 

by-products, 367-9 
Flesh formation, 140 
Flock ; see Sheep 
Flour manufacture, 341 
Flour, red dog ; see Wheat red dog 
Flour wheat middlings; see Wheat flour 
middlings 

Fluorine, poisonous effect, 113-4 
Foals, 467-76 

cost of raising, 475 
fall, 466 

feed and care, 468-72 
raising orphan, 470 
weaning, 468 
weights and gains, 467 
Forage, coarse ; see Roughage 
Forage crops, 204-325 

effect of various factors on composi- 
tion and value, 204-9 
Influence of stage of maturity on 
composition, 204 

mature and weathered may be of low 
value, 208 
Forage poisoning, 321 
Fodder corn ; see Corn fodder 
Food ; see Feeds ; also Feeding stuffs 
Formulas, open vs. closed, for mixed 
feeds, 406 

Foot-ton and foot-pound, 424 
Fowl meadow grass, 297 
Fructose, 4 

Fruit, 318 ; for horses, 459 
Fuel value of feed ; see Energy 


Galactose, 4 

Garbage for swine, 404, 864 
Garbage, proce.s.sed, 404 
Gastric juice, 28, 30 
Gelatin, 392 

Germ oil meal ; see Corn germ meal 
Gestation period ; see Mare ; Sow ; etc. 
Glucose, 4 

in blood, 27 

manufactured from corn, 333 
Gluten feed, 334 ; for beef cattle, 675 ; 

dairy cows, 532 ; horses, 452 ; 
sheep, 759 ; swine, 892 
Gluten meal, 335; for beef cattle, 675; 

dairy cows, 532 ; horses, 453 ; 
sheep, 759; swine, 892 
Gluten of wheat, 341 
Glycogen, 6, 27 

formation of, 27 
Goats, Angora, 804 
Goats, milk, 803 

Goiter, 115 , ^ 

Grains ; see Cereal grains ; also Com ; 
Wheat ; etc. 

grinding; see Grinding grain 
preparation ; see Horses ; Swine ; etc* 
Grapefruit refuse, 402 
Grape pomace or grape-seed meal, 40J 
Grass, 204-26, 292-304 

combinations for meadows and pas- 
tures, 292, 294 
curing into hay, 214-26 
effects of frequent cutting on yield, 


206 

for silage, 236 

influence of stage of maturity upon 
composition, 204, 205 
quality of protein in, 101 
time to cut for hay, 208, 294 
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Grass, continued 

wild or native, 299 
see Hay; also Pasture 
Grass hay for beef cattle, 681-3 ; dairy 
cows, 541-4; horses, 453-4 ; 
sheep, 763-4 
Grazingr; see Pasture 
Qreasewood, 319 
Green foragre. digestibility, 69 
Grinding grain and other seeds, 59-61 
coarse vs. fine grinding, 60 
for various classes of stock ; see Beef 
cattle; Sheep; etc. 

Grinding hay or other roughage, 61-2 

for various classes of stock ; see Beef 
cattle ; Sheep ; etc. 

Grooming, effects on cows, 518 
Grooming horses, 439 
Ground bone; see Bone meal 
Ground rock phosphate ; see Phosphate, 
rock 

Growing animals ; see Growth of animals 
Growth of animals. 140-9 

effects of checking, 147-9 
increase in protein and mineral mat- 
ter during, 141 

mineral matter requirements for, 146 . 
net energy requirements for, 147 
nutriUve requirements for, 140, 145-7 
protein recfuirements for, 145 
rates of, 141 

total digestible nutrient requirements 
for, 147 

utilization of food during, 141-2 
vitamin requirements for, 146 
Guinea grass, 304 
Gullet, 23 

Gypsum as a calcium supplement, 112 

Hay, 204-9, 214-26, 246-74, 292-304 

(For the various kinds of 
hay, see Alfalfa ; Clover, 
red; Timothy, etc.) 
artificial drying, 224-6 
brown, 222 

characteristics of high-grade hay, 215 
chopping or cutting ; see Chopping hay 
dehydrated, 224-6 
early-cut, of higher value, 208 
importance, 204, 214-5 
Improvement by fertilization, 208 
measurement and shrinkage, 223 
versus com silage for beef cattle, 
689-91; dairy cows, 548 ; 
sheep, 766-8 

see Hay-making ; Legumes ; Alfalfa ; 
Timothy; etc. 

Hay equivalents, 186 
Haymaking, 214-26 

aids in curing hay, 221 
chopping hay into barn, 220 
curing hay in cocks, 218 
curing hay in swath and windrow, 218 
hauling and storing hay, 220 
losses of nutrients in, 216-17 
modern methods of, 218-21 
objects in, 215 

reduction in water content, 215 
salting hay, 220 
spontaneous combustion, 222 
time to cut forage for hay; see Al- 
falfa; Timothy; etc. 

Heat, production and regulation in body, 
72-6 

Heat, requirements for maintenance, 72 
see Energy 
HeaV increment, 49 
Hegari, 288,* 362 

Hegari grain, 352 ; for beef cattle, 665 
Heffers, beef, 710-2 
age to breed, 711 

versus steers for beef production, 648 
Heifers, dairy, 610-6 

advantage of home-raised, 590 
age to breed, 614 


Heifers, dairy, continued 

computing a ration for, 176-9 
cost of rearing, 616 
feed and care of, 610-4 
yield of, compared with cows, 612 
Hemicelluloses, 7 
Hemp-seed oil meal, 382 
Herbivora, feeding concentrates only, 86 
Herd’s grass, see Timothy 
Hog millet seed, 356 ; for swine, 863 
Hogs ; see Swine ; Pigs ; Sows 
Hogging down corn, 854-6 
Hogging down ripe grain, 904 
Hohenheim system of pasture fertilization, 
212-4 

Hominy feed, or hominy meal, 332 

for beef cattle, 665 ; dairy cows, 627 ; 
horses, 449; sheep, 762; 
swine, 863 

Honeycomb, or second stomach, 23 

Hops, spent, 350 

Hormones, 35-6 

Horse bean, 378 

Horse power, definition, 424 

Horses, 422-77 

(For value of various feeds 
for horses, see the different 
feeds ; i. e.. Corn ; Oats, etc. ) 
blanketing, 438 

care and feeding, 436-9, 461-77 
carriage horses, feed and care, 464 
chopping hay for, 436 
clipping, 438 

compared with tractor, 171, 428-9, 441 
concentrates for, 445-53 
cooking feed for, 437 
cost of horse labor, reducing, 439 
cost of keeping, 473-5 
cost of raising, 475 
cutting hay for, 436 
digestibility of feeds by, 33, 429 
efficiency of, as motors, 171, 428, 441 
energy expended in carrying load, 
426; in draft, 427 ; lifting 
body, 427 ; locomotion, 426 
exercise for, 437 
fattening, 463 

feed consumed yearly, 473-5 
feed, preparation for, 436-7 
feeding and care, 461-77 
feeding standards, 433, Appendix Ta- 
ble III 

feeds for, 446-60 
fitting for market or shows, 463 
grinding grain for, 60, 436 
grinding hay for, 61, 436 
grooming, 439 

hints on feed and care, 437-9 
horse and mule situation, 422 
horse-pulling contests, 424 
importance of economical feeding and 
care, 423 

influence of various factors on work 
done by, 172, 425-9 
magnitude of horse industry, 422 
maintenance requirements, 430 
mineral requirements, 434 
nutrients required by, 426-7, 429-36 
proportion of roughage and concen- 
trates, 432 

protein requirements, 432 

race horses, feed and care, 464 

rations f^,^433, 462, Appendix Table 

roughage, excess of, injurious, 431 

roughages for, 453-9 

saddle horses, care and feed, 464 

salt requirements, 434 

size of horse, effect of, 428 

soaking grain for, 437 

stables for, 438 

succulent feeds for, 467-8 

teeth, care of, 439 

versus the tractor, 171. 429, 441 

vitamin requirements. 435 
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Horses, continued 
watering, 435 
weight, variations in, 435 
wintering, 463 

work done by, 424-9 ; factors deter- 
mining, 172, 425-8 ; types of, 
426 

work horse, feed and care, 461-3 
Hothouse lambs; see Lambs, hot-house 
Hungarian grass ; see Millet 
Hydrochloric acid in gastric juice, 30 
Hydrocyanic acid poisoning, 320 
Hydrolyzed sawdust, 319 
Hydrolyzed straw, 319 

Indian corn plant ; see Com 
Inoculation of legumes, 250 
Insulin, 35 

Internal secretions, 35-6 
Intestinal secretion, 32-3 
Intestine, large, digestion in, 33 
Intestine, small, digestion in, 31-3 
Intestines, length and capacity of, 23-4 
Inulin, 6 
Invertases, 32 

Iodine, requirements of livestock, 115-6 ; 

beef cattle, 628 ; dairy cows, 
592; horses, 434 ; sheep, 742 ; 
swine, 822 
Iron, 12, 19, 116 

in red blood cells, 116 
lack of, causes anemia, 116-8 
requirements of livestock, 116-8 
Ivory nut meal, 382 

Jackbean, 273 

.Japan clover ; see Lespedeza 
Japanese millet ; see Millet, Japane.se 
Japanese cane, 303 ; for pigs, 905 
Jerusalem artichoke ; see Artichoke 
Johnson grass, 303 
June grass; see Bluegrass 

Kafir as a soiling crop, 290 

Kafir fodder, 286-9 ; see Sorghum fodder 

Kafir grain, 287, 352 ; for beef cattle, 604 ; 

dairy cows, 528; sheep, 755 ; 
swine, 862 

Kafir silage, 289 ; for beef cattle, 602 ; 

dairy cows, 550 ; sheep, 769 
Kafir stover, 289 ; see Sorghum stover 
Kale, 316 

marrow stem, 317 
Kaoliang fodder and stover, 289 
Kaoliang grain, 288 ; for pigs, 862 
Kapok oil meal, 404 

Kellner’s starch values and feeding stand- 
ards, 55-6, 186 

Kelp, 409 

Kentucky bluegra.‘=!S ; see Bluegrass 
Kidneys, elimination of nitrogenous waste 
through, 36 

Kindness, effect on stock, 37 
Kohlrabi, 316 
Kudzu, 316 

Kudzu hay for swine, 910 

Labor; see Work 
Lacteals, 25 
Lactose, 5 

Ladino clover ; see Clover, Ladlno 
Lambs ; see Sheep 
castrating, 788 
docking, 788 
fattening, 793-803 
feed and care, 787-90 
feeding concentrates on grass, 788 
hot-house, 802 
marketing early, 789 
orphan, 787 

rations for fattening, 798 
returns from, compared with other 
farm animals, 167-9 
selecting feeder lambs, 795 
spring, 803 


Lambs, continued ^ 

weaning, 789 
weight at birth. 786 
winter, 802 

Larkspurs, poisoning from, 322 
Leaves and twigs, 319 
Legumes for forage, 246-76 

soil conditions necessary for growth, 
250 

superiority of, 246-50 
see Alfalfa; Clover; etc. 

Legume hay, 246-73 
advantages, 246-50 
for beef cattle, 677-81 ; dairy calves, 
600 ; dairy cows, 534-41 ; 
horses, 455-7 ; sheep, 761-3 ; 
sows, 921-3 ; swine, 905-10. 
quality of protein in, 99-100 
Legume seeds, 369-79 

quality of protein in, 98 
see Soybeans ; Peanuts ; etc. 

Legume silage, 236-7 ; for dairy cows, 560 
Legume straw or chaff, 274 
Lemon pulp, 402 
Lespedeza, 271 

Lespedeza hay, 271 ; for horses, 457 
Lespedeza straw, 274 

Light, importance for farm animals, 86, 
129-30 

Light, ultra-violet, and vitamin D, 129-30 
Lime, see Calcium 

Limestone, ground, as a mineral supple- 
ment, 111 

Linseed cake ; see Linseed meal or cake 
Linseed meal or cake, 867-9 ; for beef 
cattle, 671-2 ; dairy calves, 
599 ; dairy cows, 530 ; ewes, 
783; horses, 451; sheep, 757 ; 
swine, 882-4 

quality of protein in, 98 
Linseed-meal-and-screenings-oil-feed, 369 
Linseed oil meal ; see Linseed meal 
Lipase, 32 

Lipids, or lipoids, 7 
Liver, functions of, 32 
Loco poisoning, 322 
Lucerne ; see Alfalfa 
Lymph, 25 

Magnesium, required by animals, 119 
Maintenance of farm animals, 72-86 
Maintenance ration ; see Ration, mainte- 
nance 

Maintenance requirements, 72-86 
factors influencing, 77-9 
not proportional to body weight, 77 
of dairy cows, 487 ; horses, 430 
Maize ; see Corn 
Malt grains, 349 
Malt sprouts, 349 
Malted barley, 348 
Malting feed, 63 
Maltose, 5 

Mammoth clover; see Clover, mammoth 
Manamar, 4U9 

Manganese, required by animals, 119 
Mangels, 310 ; see Roots 
Manihot meal, 403 
Manure, 412-21 

amount produced by stock, 417 
care of, to prevent loss, 417, 419-20 
composition and value, 416 
fertilizing constituents recovered in. 
413 

see Fertilizers 

Manurial value of feeds, 412-21 
Manyplies, 23 

Mare, brood, feed and care, 466-9 
gestation period, 466 
S6G I^or*s0s 

Mare’s milk, composition and yield, 467 
Margin in fattening livestock, 636-7 
Marl as a calcium supplement. 111 
Marsh hay, 300; for sheep, 764 
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Mastication, 25 

energy lost in, 46 
Meadow fescue, 297 
Meadow oat-grass, tall, 297 
Meat, marbling of, 150 
Meat scraps, 390-1; for beef cattle, 676 ; 

for dairy calves, 600 ; sheep, 
760; swine, 876-8 
quality of protein in, 97-8 
see Tankage 
Melons, 318 
Mesquite, 379 
Metabolism, 33-6 
Metabolizable energy, 48 
Methane produced in fermentations in di- 
gestive tract, 28, 48-60 
Middlings ; see Wheat middlings ; Qat 
middlings ; etc. 

Milk, 143, 386 

colostrum, 144 

deficiencies as exclusive diet, 144 
effect of various factors on composi- 
tion, 167-9, 510-20 
letting down and holding up, 162 
natural food for young mammals, 143 
nutritive requirements for production, 
a 6 4-7 

nutritive value, 143, 385 
production, 161-9 
quality of protein in, 96-7 
secretion, 161 

when does secretion occur, 162 
see Cows, dairy 
Milk cows ; see Cows, dairy 
Milk, cow’s, 385, 609-20 
bitter, 520 

color affected by feed, 520 
colostrum, 144 

composition and yield, 143, 609-11 
composition and yield, factors inhu- 
encing, 610-20 ; see Cow’s, 
dairy 

cost of producing, 577-82 
effect of rich, on Infants, 144 ; young 
animals, 144 

equating to uniform fat percentage, 
510 


fat globules in, 610 
fat, source of, 165 
feeding value of, 385 
flavor, effect of feeds on, 519 
odors in, due to feed, 619 
of different breeds, 509 
quality of protein in, 96-7 
whole, as a feed, 385 ; for calves, 596, 
605-9; foals, 470; lambs, 
787; pigs, 874 

Milk, ewe’s, 786 ; goat’s, 803 ; mare’s, 467 ; 
sow’s, 934 

Milk, skim, see Skimmilk 
Milk goats, 803 
Milk sugar feed, 389 
Milking dairy cows, 512, 566 
Millet for forage, 302 
Millet hay, 302; for sheep, 764 
dangerous for horses, 454 
Millet seed, 356 ; for swine, 863 
Millet silage, 302 
Milo fodder and stover, 289 

see Sorghum fodder; Sorghum stover 
Milo grain, 288 ; for beef cattle, 665 ; dairy 
cows, 528 ; sheep, 755 ; swine, 
862 

Mineral matter; see Minerals 
Mineral mixtures, 119-21, 410 
Minerals, 12-13, 101-21 
digestion of, 29 

effects of lack of, 102, 104, 107-10, 
116-8 

functions of, 102-3 
how determined in feeds, 16 
in animal bod^ 19, Appendix Table IV 
in feeding stuffs, 12-13, Appendix Ta- 
bles I and IV 
in plants, 12-13 


Minerals, continued 

required by various animals, see Cows, 
dairy ; Swine ; etc. 
required for fattening, 164 ; growth, 
146; maintenance, 82; milk 
production, 500-4 

Mixed feeds ; see Commercial mixed feeds 
Mixed grass-and-legume hay, 252, 260, 

294 ; for beef cattle, 633 ; for 
dairy cows, 539 ; horses, 457 ; 
sheep, 764 

Mixing feed on the farm, 407 
Molasses, beet, 396 ; for beef cattle, 666 ; 

dairy cows, 528 ; horses, 450 ; 
sheep, 756 ; swine, 864 
Molasses, cane, 395 ; for beef cattle, 665-6 ; 

for dairy calves, 599 ; dairy 
cows, 528 ; horses, 450 ; sheep, 
756 ; swine, 864 

Molasses-beet pulp ; see Beet pulp, mo- 

1^SS0S 

Molasses feeds, 398 ; for beef cattle, 667 ; 

dairy cows, 528 ; horses, 450 
Moldy feed, 321 
Monocalcium phosphate, 113 
Morrison feeding standards, 188-9; Ap- 
pendix Table III 
Mules, 422, 442 

self-feeding, 437 
see Horses 

Muscles, cause of contraction, 170 
see Protein ; also Muscular energy 

Napier grass, 304 
Natal grass, 304 
Net energy, 49-55 

requirements for fattening, 153 ; 

growth, 147 ; maintenance, 
75; milk production, 164; 
work, 170 

Net energy values, 49-55, Appendix Table 
II 

limitations of, 51-5 
versus total digestible nutrients, 53-5, 
430 

Nicotinic acid, 133 

Nitrogen in feeds, as a fertilizer, 412-6 
Nitrogen in fresh manure, 416-7 
Nitrogen-free extract in feeds, 7, 16-17 
Nitrogenous compounds in plants, 9-12 
Nitrogenous waste in urine, 34 
Nutrients, 19 

digestible, 20 
functions of, 34 

required by various classes of stock ; 

see Horses ; Sheep ; etc. 
total digestible, 42 
uses in body, 33-5 
Nutritive ratio, 43-4 

how calculated and expressed, 43-4 
narrow and wide, 4 3-4 
see Protein 

Oat and pea hay, 269 

Oat and pea silage, 269 ; for dairy cows, 
651 

Oat clippings, 338 
Oat dust, 337 

Oat hay, 298 ; for horses, 453 

Oat hulls, 338, 863 ; for bedding, 419 

Oat meal, 339 

manufacture, 337 
Oat middlings, 337 

Oat mill feed, 337 ; for dairy cows, 337-8 ; 

for horses, 446 ; for swine, 
863 

Oat shorts, 337 

Oat straw, 305 ; for beef cattle, 686 ; dairy 
cows, 545 ; horses, 454 ; sheep, 
765 

Oats, 336-9 

by-products, 337-9 

composition and nutritive value, 336 
for beef cattle, 662 ; dairy calves, 699 ; 

dairy cows, 527; ewes, 783; 
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Oats, continued, 

for foals. '469 ; horses, 446-6 ; pigs, 
868 ; sheep, 754; sows, 925; 
swine, 858 

hulled, 339 ; for pigs, 860 

quality of protein in, 96 

sheaf, 298 ; for beef cattle, 683 ; 

horses, 446 
sprouted, 63-4, 339 

Oil meal or oil cake; see Linseed meal 
or cake 
Oils; see Fats 
Olive pulp, 402 
Omasum, 23 

Orange pulp and waste, 402 
Orchard grass, 296 
Osteoporosis, 110 

Oxidation of nutrients in body, 34-5 
Oyster shells, ground, as a calcium sup- 
plement, 111 

Packing-plant by-products, 389-92 
Palatabillty of feeds, importance of, 37-8, 
184 

Palm kernel oil meal or cake, 380 
Palmo middlings, 403 
Pancreas, 31, 35 
Pancreatic juice, 31-2 
Para grass, 304 
Parathormone, 36 
Parathyroid gland, 36 
Parsnips, 312 

Pasteurizing dairy by-products to avoid 
disease, 388 
Pasture, 204-14 

economy of, 209 

effect of frequent cutting or grazing, 
206 

for beef cattle, 694 ; dairy calves, 601 ; 

dairy cows, 563, 573-5; fat- 
tening cattle, 712-6; horses, 
457 ; sheep, 771-4 ; swine, 
894-905 

importance of, 204 
Improvement by fertilization, 200, 
211-2 

influence of soil fertility on, 207 
management of, 210 
permanent, for beef cattle, 694 ; dairy 
cows, 553 ; horses, 457 ; sheep, 
772; swine, 902 
proper grazing, 210 
range management and improvement, 
214 

rotation grazing, 212 

utilizing abundant protein in, 205 

see Alfalfa ; Clover ; etc. 

Paunch, 23 

Pea-and-oat hay, 269; for sheep, 763 
Pea-and-oat silage, 269 ; for dairy cows, 
551 ; sheep, 769 

Pea -cannery waste, 270; see Pea -vine 
silage 

Pea feed^ 376 

Pea hay, 269; for sheep, 763; swine. 910 
Pea pasture for sheep, 774 ; swine, 901 
Pea straw, 274 

Pea-vine silage, 270 ; for dairy cows, 551 ; 

sheep, 769 
Peanut hay, 273 

Peanut hulls, 375 ; for bedding, 419 
Peanut oil feed, 373 ; for swine, 891-2 
Peanut oil meal or cake, 373 ; horses, 
453 ; swine, 891 
Peanut skins, 375 
Peanuts, 273, 373 ; for pigs, 891 
Peas, field, ;269, 375 

as a forage crop, 269 
grazing with lambs, 774 
hogging-down, 901 
quality of protein in, 98 
seed, 375 

Peas and oats for forage, 269 
Peat moss for bedding, 418 


Pentosans, 5, 7 

digestion of, 27-8 
Pentoses, 4 
Pepsin, 28, 30 
Peptones, 28, 30 
Perilla oil meal. 403 

Petersen method of valuing feeds, 194-9, 
Appendix Table VIII 

Phosphate, rock, injurious effects of, 113-4 
Phosphate, super, as a mineral supple- 
ment, 114 
Phospholipids, 9 

Phosphoric acid ; see Phosphorus 
Phosphorized limestone as a mineral sup- 
plement, 114 

Phosphorus, 12, 29, 102, 104-12 

content of various feeds, 105, Ap- 
pendix Table IV 

effect of deficiency in ration, 107-112 
in feeds as a fertilizer, 412-6 
in fresh manure, 416-7 
required by various animals, see 
Horses, Swine, etc. 
required for growth, 146; mainte- 
nance, 82 ; milk production, 
166, 500-4 

requirements of livestock, 104-12 
supplements, 112-4 
voided by ^arm animals, 417 
see Minerals 
Pigeon peas, 379 
Pigs, 807-950 ; see Swine 

feeding growing and fattening pigs, 
938 

limited vs. full feeding, 830-3 
nutrient requirements, 811-29 
protein of good quality essential, 812-3 
protein requirements, 812-8 
protein supplements, feeding on pas- 
ture, 816-8 
raising fall pigs, 942 
rate and economy of gain at various 
weights, 808-10 
self-feeding, 834 

self-feeding protein supplements, free- 
choice, 815 

weight at which to market, 810 
Pineapple bran or pulp, 401 
Pituitary body, 36 
Plants and animals compared, 18 
Plants, composition at different stages of 
maturity, 204-6 

Plants, composition, factors influencing, 
64-6, 204-9 
Plants, poisonous, 320-3 
Poisonous feeds and plants, 322 
Polysaccharides, 5 
Poppy-seed oil meal, 403 
Pork, effect of various feeds upon ; see 
Corn for swine, etc. 

Pork, soft, 842-3 
Pota.sh ; see Potassium 

Potassium, as a fertilizer in feeds, 412-6 
in fresh manure, 416-7 
voided by farm animals, 417 
required by animals, 104, 118 
Potassium iodide, cure for goiter in stock, 
115 

Potato silage, 314 
Potatoes, 312-4 
Potatoes, dried, 314 
Potatoes, sweet, see Sweet potatoes 
Pregnancy, nutritive requirements during, 
149-50 

Prairie hay, 299; for beef cattle, 682 ; 

dairy cows, 543 ; horses, 464 ; 
sheep, 764 

Pre-digestlng feed, 63 

Pregnant animals, food requirements, 149- 
60 

Preparation of feeds, 59-64 
Prickly comfrey, 319 
Prickly pear, 320 
Proso, 302, 356 
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t>rot«ln, 10-11, 80-101 
' absorption, 29 

amount in rations, adapting to local 
conditions, 200 
crude, 12 
digestion, 28 
fat formed from, 152 
formation in plants and animals, 10 
how determined in fee’ds, 15 
importance, of proper amount and 
kind in rations, 89 
in animal body, 18-19 
measuring values of proteins in feeds, 
93-6 

metabolism, 34 
muscular energy from, 169 
quality of, importance in stock feed- 
ing, 11, 89-101, 183 
quality of, in various feeds, 96-101 
requirements for fattening, , 154 ; 

growth, 145 ; maintenance, 
79-82 ; milk production, 165 ; 
wool production, 173 ; work, 
171 


requirements of various classes of 
animals ; see under respective 
animals 

supplementary effects of proteins, 95-6 
true, versus crude protein, 12 
value of proteins in various feeds, 
96-101 


waste from body, 34 

Protein supplements, mixtures of, for beef 
cattle, 676 ; dairy cows, 
493-4, 662-3; sheep, 760 ; 

swine, 864-9 
Proteins ; see Protein 
Proteoses, 28, 30 
Prussic acid poisoning, 320 
Ptyalln, 22 
Pumpkins, 318 


Quack grass, 298 

Quarters for farm animals ; see Shelter 
Quiet, importance for farm animals, 37 


Raisin by-products, 402 
Raisins, cull, 402 
Ram, feed and care, 780 
see Sheep 

Rape, dwarf, Essex, 316; for sheep, 773 ; 
swine, 900 

Rape, giant, or broad-leaved, 316 
Rape-seed oil meal, 382 
Rations, 20 

balanced, 20, 176-83 
bulkiness of, importance, 85 ; for 
horses, 446 ; for dairy cows, 
563 

computing. 176-83, 189, 196-9 
economical, for farm animals, 191-203 
effects of inadequate rations on young 
animals, 166-7 

for various farm animals ; see Horses ; 

Dairy cows ; etc. ; also Ap- 
pendix Table VII 
general requirements of, 183-6 
hints on calculating. Appendix Table 
HI 

maintenance ; see Maintenance re- 
quirements 

scanty, influence on growth, 147-9 
standard; see Feeding standards 
Red clover; see Clover, red 
Red dog flour, see Wheat red dog 
Red top grass, 296 
Reed canary grass, 298 
Regularity of feeding and care, importance 
for farm animals, 37 ; for 
dairy cows, 668 ; fattening 
cattle, 727 ; fattening lambs, 
797; sheep, 778 

^nnin, 30 

Reproduction, nutritive requirements for, 
149*60 


Rescue grass, 304 
Respiration apparatus, 46-7 
Respiration calorimeter, 47 
Reticulum, 23 

Rhode Island bent grass, 297 
Rhodes grass, 304 
Riboflavin, 133 
Rice, 353—5 

brewers’, 366 
red, feeding value, 354 
rough, 354 
Rice bran, 364 

quality of protein in, 97 
Rice by-products, 354 ; for swine, 863 
Rice hulls, 355 
Rice meal, 355 
Rice polish, 355 
Rice straw, 306 
Rickets, 109 

Roads, draft required on various, 425 
Rock phosphate ; see Phosphate, rock 
Roots and silage, relative yield and cost, 
310 

Roots and tubers, 308-15 

composition and value, 308-10 
for beef cattle, 693 ; dairy cows, 651 ; 

horses, 468; sheep, 769 ; 
swine, 905 

versus concentrates, 308-9 
Roughages, 17 

adapting proportion of roughages and 
concentrates to local condi- 
tions, 200-1 

compared with concentrates, 51 
for various farm animals ; see the 
various feeds 

losses of energy in digestion of, 48-51 
necessity for herbivora, 85-6 
preparation ; see Chopping ; Grinding ; 
etc. 

Rubber seed meal, 381 
Rumen, 23 

Ruminants, digestion of fiber and 
pentosans by, 27-8 
Rumination, 25-6 
Russian thistle, 319 
Rutabagas, 312 ; see Roots 
Rye, 350-1 ; for beef cattle, 664 ; dairy 
cows, 528 ; horses, 449 ; 
sheep, 766 ; swine, 861 
Rye bran, 351 

Rye distillers’ grains, dried ; see Distillers' 
grains, dried, rye 
Rye feed, 361 

Rye grass, English, 298 ; Italian, 298 
Rye, hay, 298 
Rye middlings, 351 

Rye pasture, 299 ; for dairy cows, 554 ; 

sheep, 773 ; swine, 903 
Rye silage, 299 
Rye straw, 306 

Sagebrush, 319 
Sagrain sorghum, 288, 352 
Saliva, action on starch, 22, 26, 30 
Salt, common, 103 

effect on digestibility, 69 

for beef cattle, 628 ; dairy calves, 592 ; 

dairy cows, 604 ; horses, 434 ; 
sheep, 740, swine, 819 
requirements by farm animals, 103-4 
Saltbush, 319 
Salvage wheat, 860 
Sawdust for bedding, 418 
Sawdust, hydrolized, 319 
Scandinavian feed unit system, 56-7 
Scarlet clover; see Crimson clover 
Screenings; see Wheat screenings 
Screenings oil feed, 369 
Secretin, 36 

Selenium poisoning, 322 
Self -feeding dairy calves, 609 ; fattening 
cattle, 651 ; fattening lambs^ 
800 ; pigs, 834-5 ; sows, ^27 
Separator skimmilk ; see Skimmilk 
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Serraddlla, 273 

Sesame oil meal or cake, 381 

Sex, influence on gains of beef cattle, 648 ; 

lambs, 796 ; pigs, 841 
Sex glands, hormones of, 36 
Shallu, 288 

Shavings for bedding, 418 
Sheep, 733-806 

(For the value of different 
feeds for sheep, see the 
. various feeds ; i.e,, Corn ; 
Clover hay; etc.) 
advantages of, 733 
age. Influence on gains, 735 
amount of concentrates for fattening, 
799 

breeding studies. 785 
building up the farm flock, 734 
calcium requirements, 740-2, 763 
chopping hay for, 743 
concentrates for, 750-61 
cost of gains by, 798 
cost of keeping, 790 
costs and returns from fattening 
lambs, 802 

cross breeding for western range, 735 
death losses in fattening, 797 
dipping, 792 

dressed carcass, per cent yielded by, 
746 

economy of meat production by, 

157-9 

essentials for success with, 778 
exercise for, 746 
factors affecting income from, 791 
fattening, hints on, 796 
fattening lambs and sheep, 793-802 
fattening lambs in the corn field, 801 
fattening lambs in the fall, 801 
feeds for, 750-77 
feed troughs and racks, 745 
feeding standards, 736, Appendix 
Table III 

flock, proper size, 734 
general problems in sheep production, 
733-49 

gestation period, 779 
grinding grain for, 743 ; hay for, 743 
importance in the United States, 733 
lambs preferred to older sheep for 
fattening, 735 

length of fattening period, 798 
mineral requirements, 740-2 
mutton and Merino compared, 734 
nutrient requirements, 736-43 
parasites, 791 

phosphorus requirements, 740-2 
place on the farm, 733 
pregnancy disease, 783 
protein requirements, 736-40 
protein supplements, 737-40, 751, 
757-61 ; combinations of 
supplements, 760 
roughages for, 761-74 
salt required by, 740 
self-feeding, 744 
shearing, 747 
shelter, 744 

shrinkage in shipment, 746 
stiff lamb disease, 783 
stomach worms, 791 
succulent feeds for, 766-74 
types, 734 

vitamin requirements, 742 
water required by, 742 
wool production ; see Wool 
see Ewes ; Lambs ; Ram 
Shelter for farm animals ; see Horses ; 
Sheep ; etc. 

Shipstuff; see Wheat mixed feed 

Shock corn ; see Corn, shock 

Shorts ; see Wheat standard middlings 

Shotes; see Pigs; Swine 

Shredding corn or sorghum forage, 61, 285 

Shrimp meal, 394 


Shrinkage in shipping beef cattle, 728 ; 

sheejx 746, swine, 945 
Shrock sorghum, 288, 352 
Silage, 229-42 

(For silage from various 
crops, see the different crops ; 
i. e.. Corn silage ; Sorghum 
silage; etc.) 

advantages of silage, 229-33 
A. I. V. method of ensiling crops, 237 
amounts to feed various animals, 241 
as a feeding stuff, 230-1 
capacities of silos, 240-1 
cost and economy, 231-3 
crops suitable for, 235 
digestibility, 70 
effects on milk, 619, 546 
estimating amount left in a silo, 241 
for summer feeding, 231 
from cured fodder or stover, 283 
how ensiling preserves green forage, 
233 


importance on stock farms, 229-31 
losses of nutrients in, 234 
molasses method of ensiling crops, 237 
preservation, manner of, 233 
requisites for good silage, 235 
removing ears from corn before 
ensiling, 283 

special methods of ensiling crops, 
237-8 

spoiled silage should be discarded, 231 
summer, 231, for dairy cows, 646 ; 553 
type of corn for, 282 
value and uses, 230 
versus corn fodder or shock corn, 282, 
for beef cattle. 683-4 ; dairy 
cows. 547 ; sheep, 765 
versus hay for beef cattle, 689-90; 

dairy cows, 548; sheep, 766-7 
versus roots, 310 ; for beef cattle, 693 ; 
dairy cows, 651-2; sheep, 
769-70 

versus soiling crops, 243; for dairy 
cows, 653 

Virtanen method of ensiling crops, 237 
weight, 240 
Silo, 229-42 

capacity of silos, 240 
danger from carbon dioxide in 
filling, 239 

economy of various sizes, 241 
filling, 239 
proper size, 241 
requisites of a good, 238 
types, 238 
Skimmilk, 386 

for dairy calves, 602-4; foals, 470; 

pig.s, 869-73 ; sows, 923 
money value for pigs, 873 
pasturizing to avoid disease, 388 
quality of protein in, 96 
Skimmilk, dried, 388 ; for dairy calves, 
599 

Slop feeding of swine, 62-3, 836 
Smut on corn and other grain, 321 
Soaking feed, 62-3 ; for dairy cows, 608 ; 

horses, 437 ; swine, 836 
Sodium requirements of livestock, 103-4 
Soft pork ; see Pork, soft 
Soil, effect on breeds of livestock, 157 
Soilage; see Soiling crops 
Soiling crops, 242-4 

(For various soiling crops, 
see Corn; Alfalfa; etc.) 
advantages and disadvantages, 242-4 
crops for, 244 

for dairy cows, 553 ; sheep, 773 ; 
swine, 905 

versus pasturage, 243 
versus silage, 243, 553 
Sorgho ; see Sorghum, sweet 
Sorghum fodder or hay, 286-9 ; for beef 
cattle, 684 ; dairy cows, 545 ; 
horses, 454; sheep, 765 
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Sorghum hay: see Sorghum fodder or 
hay 

Sorghum pasture, 290 ; for pigs, 904 
Sorghum, pruspic acid in, 320 
Sorghum silage, 289 ; for beef cattle. 

692 ; dairy cows, 650 ; sheep, 
769 

Sorghum stover, 289 ; for beef cattle, 685 ; 

dairy cows, 545 ; sheep, 765 
for bedding, 418 

Sorghum stover silage for dairy cows, 650 ; 

beef cattle, 693, 703 
Sorghums, 286-90 ; 351-3 
as soiling crops, 290 
for forage, 286-90 ; for grain, 351-3 
types, 287 

Sorghums, grain, 287-8 ; 351-3 

for beef cattle, 664 ; dairy cows, 528 ; 
horses, 450; sheep, 755 ; 
swine, 862 

quality of protein In, 96-7 
Sorghums, sweet, 287, 353 

seed, 363 ; for beef cattle, 665 ; 

dairy cows, 628 ; sheep, 756 ; 
swine, 863 

Sows, 918-38, 939-42. 948 
age 9o breed, 940 

amount of concentrates to feed, 926 
barrows compared with, for pork 
production, 841 
breeding studies, 930 
breeding time, 929 

care before and after farrowing, 931-4 

exercise for, 838, 928 

farrowing time, 933 

feed and care, 918-34 

feeding during suckling period, 935 

gestation period, 930 

gilts vs. older sows, 930 

grain alone unsatisfactory for, 920 

legume hay for, 921 

methods of feeding, 927, 936 

milk, yield and composition, 934 

number of litters a year, 940 

nutrients required by, 918-20 

pasture for, 920 

protein suplements for, 923-4 

rations for 919-28 

salt for, 925 

shelter for, 837 

spayed vs. unspayed, 842 

succulent feeds for, 926 

summer care, 929 

weaning time. 937 

wintering, 919-29 

Soybean by-products, 371-3 
Soybeans for forage, 265-8 
Soybeans for seed, 369-73 
Soybean seed, 369-71 

for beef cattle, 672 ; dairy cows, 632 ; 
horses, 452; sheep, 759 ; 
swine, 886-8 

quality of protein in, 98, 370 
Soybean-and-com silage, 267 ; for beef 
cattle, 693 ; for dairy cows, 
651 

Soybean hay, 266 ; for beef cattle, 680 ; 

dairy cows, 540 ; horses, 457 ; 
sheep, 763 ; swine, 910 
Soybean oil meal or cake, 371-2 

for beef cattle, 674; dairy calves, 
699 ; dairy cows, 633 ; 
sheep, 769 ; swine, 888-91 
quality of protein In, 371-2 
Soybean pasture for pigs, 902 
Soybean silage, 267 ; for dairy cows, 551 
Soybean straw. 274 
Soybeans, 265-8 

as a soiling crop, 268 
for hay, 266 ; pasture, 268 ; silage, 
. 267 

Spangenberg ^^rocess of sprouting grain, 
^pelt, 865 


Spoiled or moldy feed, 321 
Spread or margin in fattening cattle, 
636-7 

Sprouted oats, 63-4, 339 
Sprouting grain for stock, 63-4 
Spurrey, 318 
Squashes, 318 
Stables ; see Shelter 
Stallions, feed and care of, 472-3 
Standard rations; see Feeding standards 
"Starch, 6 

digestion of, 26, 30 
manufacture, from corn, 333 
Starch values, Kellner’s, 55-6 
Starvation, sources of nutrients during, 79 
Steaming feed, 62 
Steers ; see Beef cattle 
Sterols, 8 

Stock foods and tonics, 408 ; for swine, 828 
Stock tonics, formulae for, 408 
Stomach, 23 

digestion in simple stomach, 30-1 
digestion in stomach of ruminants, 31 
Stomach worms in sheep, 791 
Stover; see Corn stover; Sorghum stover 
Straw, buckwheat, 306 
Straw, flax, 306 
Straw for bedding, 418 
Straw, grass, 306 
Straw, legume, 274 

Straw, from small grains, 306 ; for beef 
cattle, 686 ; beef cows, 703 , 
dairy cows, 645 ; horses, 454 ; 
sheep, 765 

Succulent feeds, 86 ; for beef cattle, 
787-95 ; dairy calves, 601 ; 
dairy cows, 646-54 ; sheep, 
766-74 ; swine, 894-905 

Sucrose, 6 
Sudan grass, 300-2 

Sudan grass hay, 301 ; for beef cattle, 
683, horses. 454 

Sudan grass pasture, 301 ; for dairy 

cows, 553 ; sheep, 773 ; swine, 
904 

Sudan grass silage. 302 

Sugar as a feed, 398 ; for horses, 451 

Sugar beet pulp ; see Beet pulp 

Sugar beets, 311 ; see Roots 

Sugar cane, 303 ; Japanese, 303 

Sugar cane bagasse, 304 

Sugar factory by-products, 394-9 

Sugars, classes of, 4 

Suint in wool, 173 ' 

Suitability of feeds, importance, 39, 184 
Sulfur in livestock feeding, 118 
Sunflower seed, 381 
Sunflower-seed oil cake, 381 
Sunflower silage, 317 
Sunflowers for forage, 317 
Sunlight, importance for livestock, 86 ; for 
dairy calves, 694 , swine, 826 
Sunlight, relation to vitamin D, 129 
Swedes ; see Rutabagas 
Swedish clover; see Clover, alsike 
Sweet clover ; see Clover, sweet 
Sweet clover disease, 264 
Sweet corn ; see Corn, sweet 
Sweet potatoes, 314 
Swine, 807-961 

(For value of various feeds 
for swine see different feeds ; 
1. e , Corn ; Clover hay ; etc. ) 
age, influence of, on gains, 808-10 
anemia of suckling pigs, 117-8, 823 
bacon production, 844 
barrows, vs. sows, for pork production 
841 

birth weights, 931 
boar, feed and care, 929 
bodies of, composition, 18-19 
breed comparisons, 840 
breeding stock, raising 939 
calcium requirements, 820-2 
concentrates for, 850-94 
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Swine, continued 

cookingr feed for, 836 
cost of pork production, 946-8 
digestibility of feeds by, 818 
disease prevention, 943-4 
dressed carcass, per cent yielded by, 
810 

economy of meat production, 157-9, 
807-10 

"evening up" litters, 935 
exercise for, 838, 928 
fall vs. spring pigs, 941 
fattening, 938 

feed eaten daily by pigs, 808-10 
feed for 100 lbs. gain, 807-10 
feeding corn exclusively, 155-7, 851-2 
feeding and care, 918-51 
feeding floors for, 836 
feeding on pasture, 896-7 
feeding standards, 818 
feeds for, 850-917 
fiber in swine rations, 819 
following steers, 728 
free-choice method of self-feeding 
pigs, 835 

full-feeding vs. limited feeding of 
pigs, 830-3 

gains at various weights, 808-10 
general problems in swine husbandry, 
807-49 

goiter, 115, 822 

grain, amount to feed to pigs in dry 
lot, 830-2 

grain, amount to feed to pigs on 
pasture, 832-3 
grinding grain for, 836 
hairless pigs, 115, 822 
hog cholera vaccination, 945 
hogging down corn, 854-6 
hogging down ripe grain, 904 
importance of pasture or legume hay, 
811, 894-6 
improvement, 840 
iodine requirements, 822 
iron requirements, 824 
legume hay for, 905-10 
lice, 945 

limited vs. full feeding pigs, 830-3 
mange, 945 
milk only for, 86 
milk, rich and poor, for, 144, 874 
mineral requirements, 819-25 
mineral supplements. 824, 828-9 
number in litter, 930-1 
nutrient requirements of, 811-29 
orphan pigs, 936 
pasture for, 894-906 
phosphorus requirements, 820-2 
pork from ; see Pork 
preparation of feed for, 836, 853-4 
prices of hogs during the year, 829 
production records, 840 
protein of good quality essential, 
812-3 

protein requirements, 812-8 
protein supplements, mixtures of, 
864-9 

raising breeding swine, 939 
returns from, compared with other 
farm animals, 157-9, 807 
rickets, 109, 821 
roughage for, 894-910 
round worm control, 943-5 
salt required by, 819 
Sanitation and disease prevention, 
943-6 

selecting sows and boar, 918 
self-feeding pigs, 833-5 ; brood sows, 
927, 936 
shelter for, 837 
shipment to market, 945 
shrinkage, 945 
slop feeding, 836 
soaking feed for, 836 
soft pork, 842-8 


Swine, continued 
sows ; see Sows 
stock foods for, 828 
strength of bones affected by feed, 
109, 155-7 

stubble fields, gleaning, 904 
succulent feeds for, 894-905 
suckling pigs, 934-7 
summer vs. winter feeding, 941 
tonics for, 828 

. trio or Wisconsin supplemental 
mixture, 864-7 

two litters vs. one litter a year, 940 
types, 838-9 

vitamin requirements, 811, 825-8 ; 

828-9 ; vitamins A and D, 
825-8, vitamin B complex, 
828 

water required by, 828 
wolf teeth in young pigs, 933 
worms, eradicating, 945 
see Sows ; Pigs 

Systems of feeding, adapting to local 
conditions, 200-2 

Table scrap meal, 404 
Tankage, 389-91 

for beef cattle, 676 ; dairy calves, 600 ; 

dairy cows, 534; sheep, 760 ; 
swine, 875-8 

quality of protein in, 98 
Tankage, digester, 389 
Tankage, dry-rendered, 390 
Tankage, rendering plant, 391 
Temperature, body, of farm animals, 72-5 
Teosinte, 304 
Therm, 48 
Thiamin, 133 
Thistles, Russian. 319 
Thyroid gland, and thyroxine, 36 
Timothy, 293-5 

stage to cut for hay, 294 
Tlmothy-and-clover hay, 294 
see Mixed hay 

Timothy hay, 29 3-5; for beef cattle, 682 ; 

dairy cows, 542-3 ; horses, 
453 ; sheep, 764 
Tomato pomace, 402 
Tonics, 408 
Tornillo, 379 

Total digestible nutrients, 42-3 

required for fattening, 153 ; growth, 
147 ; maintenance, 75-7 ; milk 
production, 166, 495 ; work, 
170 

required by beef cattle, 623, 632-5 ; 
dairy cows, 495-9 ; horses, 
430-3; sheep, 736, 799; 
swine, 818-9, 830-3 
Tree leaves and twigs, 319 
Trefoil, yellow, 272 
Trypsin, 31 

Tubers ; see Roots and tubers 
Tucum-nut oil meal, 403 
Turnips, 312 
Twigs, 319 

Urea, 34 

loss of energy in, 45-7 
Urine, 34, 36 

energy lost in, 48-61 

fertilizing constituents voided in, 417 

waste of nitrogen in, 34, 36 

Variety of feeds for dairy cows, 562 

Veal production, 729-30 

Vegetable ivory meal, 382 

Velvet bean and pod meal, 377 

Velvet bean feed, 377 ; for horses, 463 

Velvet bean pasture, 272; for swine, 902 

Velvet bean seed, 377 

Velvet beans for forage, 272 

Ventilation, importance of, in stables, 83-4 

Vetch and oat silage for dairy cows, 651 

Vetch, hairy, 270 
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Vetch* common, 270 
Villi of small intestine, 25 
Vlnegrar grains, dried, 400 
Vitamin A, 12S-8 

content of various feeds, 125-7, 
Appendix Table V 

effect of feed and breed on content 
in milk, 127-8 

Importance and functions, 123-4 
relation to carotene, 124-5 
requirements for various classes of 
stock; see Dairy Cows; 
Swine, etc. 

Vitamin B, 132-3 
see Vitamins 

Vitamin B complex, 132-3 
Vitamin C, 134-6 
see Vitamins 
Vitamin D, 128-32 

content of various feeds, 130-1, 
Appendix Table V 
effects of deficiency, 109-11 
functions and importance, 128 
relation to light, 129-30 
rickets caused by deficiency, 109-10 
sources of, 130-1 
Vitamin D tnilk, 131 
Vitamin B, 135 ^ 

Vitamin Q, 133 
Vitamin K, 122 
Vitamin preparations, 410 
Vitamins, 13, 121-36, Appendix Table V 
content in various feeds. Appendix 
Table V 

in livestock feeding, 121-35 
- requirements for fattening, 154 ; 

growth. 146; maintenance, 

S3 ; milk production, 127, 

166, 169, 504-6 

requirements for various classes of 
stock, see Cows, dairy. 
Swine, etc. 

Waste of body, disposal of, 36-7 
Water, 2, 84-6 

evaporation of, carries heat from 
body, 74 

for farm animals, 84-6 
for various classes of stock, see 
Horses, Swine, etc. 
formed from oxidation of nutrients, 
35 

frequency of drinking, 84 
functions in plants and animals, 2 
in feeds, how determined, 14 
in plants, 2 

warming for beef cattle, 632 ; dairy 
cows, 506-7 ; farm animals, 
84 ; swine, 828 

ViTaxes 9 

Weeds,’ silage from, 236 
Weight, variations of beef cattle, 653 ; 
of horses, 435 

Wet beet pulp ; see Beet pulp, wet 
Wet brewers’ grains ; see Brewers’ grains. 

Wetting feed; see Soaking feed 
Wethers; see Sheep and Lambs 
Whale meal, 394 
Wheat, 339-46 

by-products, 341-6 
composition and value, 340-1 
for beef cattle, 663 ; dairy cattle, 527 ; 
horses, 449 ; sheep, 755 ; 
swine, 860 


Wheat, continued 

quality of protein in, 96-7 
Wheat bran, 842-3 

for beef cattle, 674 ; dairy calves, 599 ; 

dairy cows, 629 ; ewes, 783 ; 
horses, 451 ; lambs, 787 ; pigs, 
882; sheep, 768; sows, 882; 
stallions, 472 
quality of protein in, 97 
Wheat bran and screenings, 342 
Wheat brown shorts. 343 

see Wheat middlings, standard 
Wheat grass, slender, 298 
Wheat hay, 298 

Wheat flour middlings, 344 ; for dairy 
calves, 699 ; swine, 882 
Wheat gray shorts, 344 
Wheat middlings, standard, 343 

for dairy calves, 699 ; dairy 
cows, 530 ; horses, 451 ; 
swine, 880-2 

quality of protein in, 97 
Wheat mixed feed, 345 ; for dairy cows, 
530; sheep, 758 ; for swine, 
882 

Wheat red dog flour, 344 ; for dairy 
calves, 599 ; swine, 882 
Wheat screenings, 345 
Wheat straw, 306 ; see Straw 
Wheat white shorts, 344 
Whey, 387 

for dairy calves. 604 ; sows, 923 ; 
swine, 875 

quality of protein in, 97 
Whey, dried, 389 
Whole milk; see Milk, cow’s 
Wild grass ; see Marsh hay ; Prairie hay 
Winter lambs, 802 

Wintering stock ; see Steers ; Sows ; etc. 
Wolff-Lehmann feeding standards, 185 
Wood ashes as calcium supplement, 112 
Wool, 173-4, 746-8 

composition of, 173 
effect of under-nutrition on, 173 
effect of various factors on, 173 
nutrient requirements for production, 
173 

shearing sheep, 747 
Work, 169-72, 424-9 

factors influencing efficiency, 172, 
425-9 

measurement of, 424 
nutrient requirements for, 170-1, 426, 
429-35 

performed by horses, 424-9 
production of muscular movements, 
170 

source of energy for, 169 
types performed by the horse, 426 
value of feeds for, 430 
see Energy 

Work animals, nutrient requirements, 
170-1 

see Horses 

Work horse, see Horses 

Worms in sheep, 791 ; swine, 943-6 

Yeast as a vitamin supplement, 133-4 

Yeast, brewers’ dried, 400 

Yeast grains, dried, 400 

Yolk in wool, 173 

Yucca, 319 

Zinc, required by animals, 119 
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